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OVERVIEW 


Imagine for a moment a world where all electronic 
communications 
were instantaneous. A world where 
voice, data, and graphics could all be transported via 
telephone lines to a variety of computers and receiving 
systems. A world where the touch of a finger could 
summon information ranging from stock reports to 
classical literature and bring it into environments as 
diverse as offices and labs, factories and living rooms. 


Unfortunately, these promises of the Information Age 
still remain largely unfulfilled. While computer tech- 
nology has accelerated rapidly over the last twenty 
years, the communications methods used to tie 'the wide 
variety of electronic systems in the world together have, 
by comparison, failed to keep pace. Faced with a tangle 
of proprietary offerings, high costs, evolving standards, 
and incomplete technologies, the world is still waiting 
for networks that are truly all-encompassing, the miss- 
ing links to today's communications puzzle. 


Enter microcommunications-microchip-based 
digital 
communications products and services. A migration of 
the key electronics communications functions into sili- 
con is now taking place, providing the vital interfaces 
that have been lacking among the various networks 
now employed throughout the world. Through the evo- 
lution ofVLSI (Very Large Scale Integration) technolo- 
gy, microcommunications now can offer the perform- 
ance required to effect these communications interfaces 
at affordable costs, spanning the globe with silicon to 
eradicate the troublesome bottleneck that has plagued 
information transfer during recent years. 


"There are three parts to the communications puzzle," 
says Gordon Moore, Intel Chairman and CEO. "The 
first incorporates the actual systems that communicate 
with each other, and the second is the physical means 
to connect them-such 
as cables, microwave technolo- 
gy, or fiber optics. It is the third area, the interfaces 
between the systems and the physical links, where sili- 
con will act as the linchpin. That, in essence, is what 
microcommunications is all about." 


THE COMMUNICATIONS 
BOTTLENECK 


Visions of global networks are not new. Perhaps one of 
the most noteworthy of these has been espoused by Or. 
Koji Kobayashi, chairman of NEC Corporation. His 
view of the future, developed over the nearly fifty years 
of his association with NEC, is known as C&C (Com- 
puters and Communications). It defines the marriage of 
passive communications 
systems and computers 
as 
processors and manipulators of information, providing 
the foundation for a discipline that is changing the ba- 
sic character of modem society. 


Kobayashi's macro VISIOnhints at the obstacles con- 
fronting the future of C&C. When taken to the micro 
level, to silicon itself, one begins to understand 
the 
complexities that are involved. When Intel invented the 
microprocessor fifteen years ago, the first seeds of the 
personal computer revolution were sown, marking an 
era that over the last decade has dramatically influ- 
enced the way people work and live. PCs now prolifer- 
ate in the office, in factories, and throughout laboratory 
environments. And their "intimidation" factor has less- 
ened to where they are also becoming more and more 
prevalent in the home, beginning to penetrate a market 
that to date has remained relatively untapped. 


'Thanks 
to semiconductor 
technology, 
the personal 
computer has raised the level of productivity in our 
society. But most of that productivity has been gained 
by individuals at isolated workstations. Group produc- 
tivity, meanwhile, still leaves much to be desired. The 
collective productivity of organizations can only be en- 
hanced 
through 
more 
sophisticated 
networking 
technology. We are now faced with isolated "islands 
of automation" 
that 
must 
somehow be developed 
into networks of productivity. 


But no amount of computing can meet these challenges 
if the corresponding communications technology is not 
sufficiently in step. The Information Age can only grow 
as fast as the lowest common denominator-which 
in 
this case is the aggregate communications bandwidth 
that continues to lag behind our increased computing 
power. Such is the nature of the communications bot- 
tleneck, where the growing amounts of information we 
are capable of generating can only flow as fast as the 
limited and incompatible communications capabilities 
now in place. Clearly, a crisis is at hand. 


BREAKING 
UP THE BOTTLENECK 


Three factors have contributed to this logjam: lack of 
industry 
standards, 
an insufficient cost/performance 
ratio, and the incomplete status of available communi- 
cations technology to date. 


• 
Standards-One 
look at the tangle of proprietary 
systems now populating office, factory, and labora- 
tory environments gives a good indication of the 
inherent difficulty in hooking these diverse systems 
together. And these systems do not merely feature 
different architectures-they 
also represent com- 
pletely different levels of computing, ranging from 
giant mainframes at one end of the scale down to 
individual microcontrollers on the other. 
The market has simply grown too fast to effectively 
accommodate the changes that have occurred. Sup- 
pliers face the dilemma of meshing product differ- 
entiation issues with industry-wide compatibility as 
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they develop their strategies; opting for one in the 
past often meant forsaking the other. And while 
some standards have coalesced, the industry still 
faces a technological Tower of Babel, with many 
proprietary solutions vying to be recognized in lead- 
ership positions. 
• 
Cost/Performance 
Ratio--While 
various commu- 
nications technologies struggle toward maturity, 
the industry has had to cope with tremendous costs 
associated with interconnectivity 
and interopera- 
tion. Before the shift to microelectronic interfaces 
began to occur, these connections often were pro- 
hibitively expensive. 
Says Ron Whittier, Intel Vice President and Direc- 
tor of Marketing: 
"Mainframes 
offer significant 
computing and communications power, but at a 
price that limits the number of users. What is need- 
ed is cost-effective communications 
solutions to 
hook together the roughly 16 million installed PCS 
in the market, as well as the soon-to-exist voice/ 
data terminals. That's the role of microcommunica- 
tions-bringing 
cost-effective communications solu- 
tions to the microcomputer world." _ 


• 
Incomplete Technology-Different 
suppliers have 
developed many networking schemes, but virtually 
all have been fragmented and unable to meet the 
wide range of needs in the marketplace. Some of 
these approaches have only served to create addi- 
tional problems, making OEMs and systems houses 
loathe to commit to suppliers who they fear cannot 
provide answers at all of the levels of communica- 
tions that are now funneled into the bottleneck. 


THE NETWORK 
TRINITY 


Three principal types of networks now comprise the 
electronic communications 
marketplace: 
Wide Area 
Networks (WANs), Local Area Networks (LANs), and 
Small Area Networks (SANs). Each in its own fashion 
is turning to microcommunications for answers to its 
networking problems. 


WANs-known 
by some as Global Area Networks 
(GANs)-are 
most 
commonly 
associated 
with 
the 
worldwide analog telephone system. The category also 
includes a number of other segments, such as satellite 
and microwave communications, traditional networks 
(like mainframe-to-mainframe 
connections), modems, 
statistical multiplexers, and front-end communications 
processors. The lion's share of nodes--electronic 
net- 
work connections-in 
the WAN arena, however, re- 
sides in the telecommunications segment. This is where 
the emerging ISDN (Integrated Services Digital Net- 
work) standard comes into focus as the most visible 
portion of the WAN marketplace. 


The distances over which information may be transmit- 
ted via a WAN are essentially unlimited. The goal of 
ISDN is to take what is largely an-analog global system 
and transform it into a digital network by defining the 
standard 
interfaces that will provide connections at 
each node. 


These interfaces will allow basic digital communica- 
tions to occur via the existing twisted pair of wires that 
comprise the telephone lines in place today. This would 
bypass the unfeasible alternative of installing complete- 
ly new lines, which would be at cross purposes with the 
charter of ISDN: to reduce costs and boost perform- 
ance through realization of an all-digital network. 


The second category, Local Area Networks, represents 
the most talked-about link provided by microcommuni- 
cations. In their most common form, LANs are com- 
prised of-but 
not limited to--PC-to-PC 
connections. 


They incorporate information exchange over limited 
distances, usually not exceeding five kilometers, which 
often takes place within the same building or between 
adjacent work areas. The whole phenomenon surround- 
ing LAN development, personal computing, and dis- 
tributed processing essentially owes its existence to mi- 
crocomputer technology, so it is not surprising that this 
segment of networking has garnered the attention it has 
in microelectronic circles. 


Because of that, progress is being made in this area. 
The most prominent standard-which 
also applies to 
WANs and SANs-is 
the seven-layer Open Systems in- 
terconnection (OSI) Model, established by the Interna- 
tional Standards Organization (ISO). The model pro- 
vides the foundation to which all LAN configurations 
must adhere if they hope to have any success in the 
marketplace. 
Interconnection 
protocols 
determining 
how systems are tied together are defined in the first 
five layers. Interoperation concepts are covered in the 
upper two layers, defining how systems can communi- 
cate with each other once they are tied together. 


In the LAN marketplace, a large number of networking 
products and philosophies are available today, offering 
solutions at various price/performance 
points. Diverse 
approaches such as StarLAN, Token Bus and Token 
Ring, Ethernet, and PC-NET, to name a few of the 
more popular office LAN architectures, point to many 
choices for OEMs and end users. 


A similar situation exists in the factory. While the 
Manufacturing Automation Protocol (MAP) standard 
is coalescing around the leadership of General Motors, 
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Boeing, and others, a variety of proprietary solutions 
also abound. The challenge is for a complete set of in- 
terfaces to emerge that can potentially tie all of these 
networks together in-and 
among-the 
office, factory', 


and lab environments. 


The final third of the network trinity is the Small Area 
Network (SAN). This category is concerned with com- 
munications over very short distances, usually not ex- 
ceeding 100meters. SANs most often deal with chip-to- 
chip or chip-to-system transfer of information; they are 
optimized to deal with real-time applications generally 
managed by microcontrollers, such as those that take 
place on the factory floor among robots at various 
workstations. 


SANs incorporate communications functions that are 
undertaken 
via serial backplanes in microelectronic 
equipment. While they represent a relatively small mar- 
ket in 1986 when compared to WANs and LANs, a 
tenfold increase is expected through 1990. SANs will 
have the greatest number of nodes among network ap- 
plications by the next decade, thanks to their prepon- 
derance in many consumer products. 


While factory applications will make up a large part of 
the SAN marketplace probably the greatest contributor 
to growth will be in automotive applications. Micro- 
controllers are now used in many dashboards to control 
a variety of engine tasks electronically, but they do not 
yet work together in organized and efficient networks. 
As Intel's Gordon Moore commented earlier this year 
to the New York Society of Security Analysts, when 
this technology shifts into full gear during the next dec- 
ade, the total automobile electronics market will be 
larger than the entire semiconductor market was in 
1985. 


MARKET 
OPPORTUNITIES 


Such growth is also mirrored in the projections for the 
WAN and LAN segments, which, when combined with 
SANs, make up the microcommunications market pie. 
According to Intel analysts, the total silicon microcom- 
munications market in 1985 amounted to $522 million. 
By 1989, Intel predicts this figure will have expanded to 
$1290 million, 
representing 
a compounded 
annual 
growth rate of 25%. 


And although the WAN market will continue to grow 
at a comfortable rate, the SAN and LAN pieces of the 
pie will increase the most dramatically. Whereas SANs 
represented only about 12.5% ($65 million) in 1985, 
they could explode to 22.5% ($290 million) of the larg- 
er pie by 1989.This growth is paralleled by increases in 


the LAN segment, which should grow from 34.5% of 
the total silicon microcommunications market in 1985 
to 44.5%. of the expanded pie in 1989. 


Opportunities abound for microcommunications 
sup- 
pliers as the migration 
to silicon continues. 
And 


'perhaps no VLSI supplier is as well-positioned in this 
marketplace as Intel, which predicts that 50% of its 
products will be microcommunications-related by 1990. 
The key here is the corporation's ability to bridge the 
three issues that contribute to the communications bot- 
tleneck: standards, 
cost-performance 
considerations, 
and the completeness of microcomputer and microcom- 
munications product offerings. 


INTEL AND VLSI: THE 
MICROCOMMUNICATIONS 
MATCH 


Intel innovations helped make the microcomputer revo- 
lution 
possible. Such industry 
"firsts" 
include 
the 
microprocessor, 
the 
EPROM, 
the 
E2PROM, 
the 
microcontroller, development systems, and single board 
computers. Given this legacy, it is not surprising that 
the corporation should come to the microcommunica- 
tions marketplace already equipped with a potent arse- 
nal of tools and capabilities. 
. 


The first area centers on industry standards. As a VLSI 
microelectronic leader, Intel has been responsible for 
driving many of the standards that are accepted by the 
industry today. And when not actually initiating these 
standards, 
Intel 
has supported 
other 
existing and 
emerging standards through its longtime "open sys- 
tems" philosophy. This approach protects substantial 
customer investments and- ensures easy upgradability 
by observing compatibility with previous architectures 
and industry-leading standards. 


Such a position is accentuated by Intel's technology re- 
lationships and alliances with many significant names 
in the microcommunications field. Giants like AT&T 
in the ISDN arena, General Motors in factory network- 
ing, and IBM in office automation 
all are working 
closely with Intel to further the standardization of the 
communications 
interfaces that 
are so vital to the 
world's networking future. 


Cost/performance 
considerations also point to Intel's 
strengths. As a pioneer in VLSI technology, Intel has 
been at the forefront of achieving greater circuit densi- 
ties and performance on single pieces of silicon: witness 
the 275,000 transistors housed on the 32-bit 80386, the 
highest performance commercial microprocessor ever 
built. As integration has increased, cost-per-bit has de- 
creased steadily, marking a trend that remains consist- 
ent in the semiconductor industry. And one thing is 
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certain: microcommunications 
has a healthy appetite 
for transistors, placing it squarely in the center of the 
VLSI explosion. 


But it is in the final area-completeness 
of technology 
and products-where 
lnte! is perhaps the strongest. No 
other microelectronic vendor can point to as wide an 
array of products positioned across the various seg- 
ments that comprise the microelectronic marketplace. 
Whether it be leadership in the WAN marketplace as 
the number one supplier of merchant telecommunica- 
tions components, strength in SANs with world leader- 
ship in microcontrollers, 
or overall presence in the 
LAN arena with complete solutions in components, 
boards, software, and systems, lnte! is a vital presence 
in the growing microcommunications arena. 


That leadership extends beyond products. Along with 
its own application software, lnte! is promoting expan- 
sion through partnerships with many different indepen- 
dent software vendors (ISVs), ensuring that the neces- 
sary application programs will be in place to fuel the 
gains provided by the silicon "engines" residing at the 
interface level. And finally, the corporation's commit- 
ment to technical support 
training, service, and its 
strong force of field applications engineers guarantees 
that it will back up its position and serve the needs that 
will continue to spring up as the microcommunications 
evolution becomes a reality. 


Together, all the market segment alluded to in this arti- 
cle comprise the world of microcommunications, 
a 
world coming closer together every day as the web of 
networking solutions expands-all 
thanks to the tech- 


nological ties that bind, reaching out to span the globe 
with silicon. 
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82586 
IEEE 802.3 ETHERNET LAN COPROCESSOR 


• 
Performs Complete CSMA/CD Medium 
Access Control Functions 
Independently of CPU 
- 
High-Level Command Interface 


- • 
Supports Established and Emerging 
LAN standards 
-IEEE 
802.3/Ethernet (10BASE5) 
-IEEE 
802.3/Cheapernet (10BASE2) 
-IEEE 
802.3/StarLAN (1BASE5) 
-Proposed 
10BASE-T 
- 
Proposed 10BASE-F 
- 
Proprietary CSMA/CD Networks up 
to 10 Mb/s 


• 
On-Chip Memory Management 
- 
Automatic Buffer Chaining 
- 
Buffer Reclaim After Receipt of Bad 
Frames 
- 
Save Bad Frames, Optionally 


• 
Interfaces to 8-Bit and 16-Bit 
Microprocessors 


• 
48-Pin DIP and 68-Pin PLCC 


(see "Intel 
Packaging" 
Document, 
Order 
Number: 
231369-001) 


• 
Supports Minimum Component 
Systems 
- 
Shared Bus Configuration 
-Interface 
to 80186 and 80188 
Microprocessors Without Glue 


• 
Supports High-Performance Systems 
- 
Bus Master, with On-Chip DMA 
- 
5-MB/s Bus Bandwidth 
- 
Compatible with Dual-Port Memory 
- 
Back-to-Back Frame Reception at 
10 Mb/s 


• 
Network Management 
- 
CRC Error Tally 
- 
Alignment Error Tally 
- 
Location of Cable Faults 


• 
Self-Test Diagnostics 
-Internal 
Loopback 
- 
External Loopback 
-Internal 
Register Dump 
- 
Backoff Timer Check 


SYSTEII INTEIlFAa 


BUS 
INTERFACE 
UNIT 


MICAOtNSTAUCTION 
ROil 


SYSTEM 
CLOCK 
AND CONTIIOI. 
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NOTE: 
The symbols 
in parentheses 
correspond 
to minimum 
mode. 
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Figure 2. 82586 Plnout Diagrams 
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The 82586 
is an intelligent, 
high-performance 
Local 
Area 
Network 
coprocessor, 
implementing 
the 
CSMAlCD 
access 
method 
(Carrier 
Sense 
Multiple 
Access with Collision 
Detection). 
It performs 
all time- 
critical 
functions 
independently 
of the host proces- 


sor, 
which 
maximizes 
performance 
and 
network 
efficiency. 


The 
82586 
performs 
the 
full 
set 
of 
IEEE 
802.3 
CSMAlCD 
Medium 
Access 
Control 
and channel 
in- 
terface 
functions 
including: 
framing, 
preamble 
gen- 
eration 
and 
stripping, 
source 
address 
generation, 


destination 
address 
checking, 
CRC generation 
and 
checking, 
short frame detection. 
Any data rate up to 
10 Mb/s 
can be used. 


The 
82586 
features 
a powerful 
host 
system 
inter- 
face. 
It automatically 
manages 
memory 
structures 
with command 
chaining 
and bidirectional 
data chain- 


ing. An on-chip 
DMA controller 
manages 
four chan- 
nels transparently 
to the user. Buffers containing 
er- 
rored or collided 
frames 
can be automatically 
recov- 
ered. The 82586 can be configured 
for 8-bit or 16-bit 
data path, with maximum 
burst transfer 
rate of 2 or 
4 
MB/s 
respectively. 
Memory 
address 
space 
is 
16 megabytes 
maximum. 


The 
82586 
provides 
two 
independent 
16-byte 
FI- 


FOs, one for receiving 
and one for transmitting. 
The 
threshold 
for block transfer 
to/from 
memory 
is pro- 


grammable, 
enabling 
the user to optimize 
bus over- 
head for a given worst case bus latency. 


The 82586 provides 
a rich set of diagnostic 
and net- 
work 
management 
functions 
including: 
internal 
and 
external 
loopbacks, 
exception 
condition 
tallies, 


channet 
activity 
indicators, 
optional 
capture 
of all 
frames 
regardless 
of destination 
address, 
optional 
capture 
of errored 
or collided 
frames, 
and time do- 


main reflectometry 
for locating 
faults in the cable. 


The 82586 can be used in either baseband 
or broad- 
band 
networks. 
It can be configured 
for maximum 
network 
efficiency 
(minimum 
contention 
overhead) 
for any length network 
operating 
at any data rate up 
to 
10 Mb/s. 
The 
controller 
supports 
address 
field 
lengths 
of 1, 2, 3, 4, 5, or 6 bytes. 
It can be config- 
ured for either 
the 
IEEE 802.3/Ethernet 
or HDLC 
method 
of frame delineation. 
Both 16-bit and 32-bit 
CRCs are supported. 


The 82586 
is fabricated 
in Intel's 
reliable 
HMOS 
11 
5-V technology 
and is available 
in a 48-pin 
DIP or 
68-pin 
PLCC package. 


Table 1.82586 Pin Description 


Symbol 
48 Pin DIP 
68 Pin PLCC 
Type 
Name and Function 
Pin No. 
Pin No. 
Level 


Vcc.Vcc 
48.36 
8.9.10.11. 
System Power: + 5V Power Supply. 


61.62 


VSS. VSS 
12.24 
26.27.41. 
System Ground. 
42.43.44 


RESET 
34 
13 
I 
RESET is an active HIGH internally 
synchronized 
signal. 


TIL 
causing the 82586 to terminate 
present activity 
immediately. 
The sig",al must be HIGH for at least four 
clock cycles. The 82586 will execute 
RESET within ten 
system clock cycles starting from RESET HIGH. When 
RESET returns LOW. the 82586 waits for the first CA to 
begin the initialization 
sequence. 


TxD 
27 
22 
0 
Transmitted 
Serial Data output signal. This signal is HIGH 
TIL 
when not transmitting. 


TxC 
26 
23 
I 
Transmit 
Data Clock. This signal provides 
timing 
• 
information 
to the internal serial logic. depending 
upon the 
mode of data transfer. 
For NRZ mode of operation, 
data is 
transferred 
to the TxD pin on the HIGH to LOW clock 
transition. 


RxD 
25 
24 
I 
Received 
Data Input Signal. 


TIL 


RxC 
23 
28 
I 
Received 
Data Clock. This signal provides timing 
• 
information 
to the internal shifting logic depending 
upon the 
mode of data transfer. 
For NRZ data, the state of the RxD 
pin is sampled 
on the HIGH to LOW clock transition. 


. . 
'See D.C. Characteristlcs 
. 
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Table 1.82586 
Pin Description 
(Continued) 


Symbol 
48 Pin DIP 
68 Pin PLCC 
Type 
Name and Function 
Pin No. 
Pin No. 
Level 


RTS 
28 
21 
0 
Request To Send signal. When LOW, notifies an external 


I' 


TTL 
interface 
that the 82586 has data to transmit. 
It is forced 
HIGH after a Reset and while the Transmit 
Serial Unit is 
not sending data. 


CTS 
29 
20 
I 
Active LOW Clear To Send input enables the 82586 
TTL 
transmitter 
to actually send data. It is normally 
used as an 
interface 
handshake 
to RTS. This signal going inactive 


, 
stops transmission. 
It is internally 
synchronized. 
If CTS 
goes inactive, meeting the setup time to TxC negative 
edge, transmission 
is stopped 
and RTS goes inactive 
within, at most, two TxC cycles. 


CRS 
31 
18 
I 
Active LOW Carrier Sense input used to notify the 82586 
TTL 
that there is traffic on the serial link. It is used only if the 
82586 is configured 
for external Carrier Sense. When so 
configured, 
external circuitry 
is required for detecting 
serial 
link traffic. It is internally 
synchronized. 
To be accepted, 
the signal must stay active for at least two serial clock 
cycles. 


CDT 
30 
19 
I 
Active LOW Collision 
Detect input is used to notify the 
TTL 
82586 that a collision 
has occurred. 
It is used only if the 
82586 is configured 
for external Collision 
Detect. External 
circuitry is required for detecting 
the collision. 
It is internally 
synchronized. 
To be accepted, 
the signal must stay active 
for at least two serial clock cycles. During transmission, 
the 
82586 is able to recognize 
a collision 
one bit time after 
preamble 
transmission 
has begun. 


INT 
38 
6 
0 
Active HIGH Interrupt 
request signal. 


TTL 


CLK 
32 
15 
I 
The system clock input from the 80186 or another 
MOS 
symmetrical 
clock generator. 


MN/MX 
33 
14 
I 
When HIGH, MN/MX 
selects 
RD, WR, ALE DEN, DT IR 
TTL 
(Minimum 
Mode). When LOW, MN/MX 
selects A22, A23, 


READY, SO, S1 (Maximum 
Mode). Note: This pin should be 
static during 82586 operation. 


ADO-AD15 
6-11, 
29-33,36- 
1/0 
These lines form the time multiplexed 
memory address 
(t1) 
13-22 
40,45,48, 
TTL 
and data (12,t3, tW, t4) bus. When operating 
with an 8-bit 
49,50,53, 
bus, the high byte will output the address only during T1. 


54 
ADO-AD15 
are floated 
after a RESET or when the bus is 
not acquired. 


A16-A18 
1,3-5 
55-57,59, 
0 
These lines constitute 
7 out of 8 most significant 
address 
A20-A23 
45-47 
. 63-65 
TTL 
bits for memory operation. 
They switch during t1 and stay 
valid during the entire memory cycle. The lines are floated 
after RESET or when the bus is not acquired. Address 
lines A22 and A23 are not available 
for use in minimum 
mode. 


A19/S6 
2 
58 
0 
During t1 it forms line 19 of the memory address. 
During 12 
TTL 
through t4 it is used as a status indicating 
that this is a 
Master peripheral 
cycle, and is HIGH. Its timing is identical 
.~ 
to that of ADO-AD15 
during write operation . 
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Table 1.82586 
Pin Description 
(Continued) 


Symbol 
48 Pin DIP 
68 Pin PLCC 
Type 
Name and Function 
Pin No. 
Pin No. 
Level 


HOLD 
43 
67 
0 
HOLD is an active HIGH signal used by the 82586 to 
TTL 
request local bus rnastership 
at the end of the current 
CPU bus transfer 
cycle, or at the end of the current DMA 
burst transfer 
cycle. In normal operation, 
HOLD goes 
inactive before HLDA. The 82586 can be forced off the 
bus by HLDA going inactive. 
In this case, HOLD goes 
inactive within four clock cycles in word mode and eight 
clock cycles in byte mode. 


HLDA 
42 
68 
I 
HLDA is an active HIGH Hold Acknowledge 
signal 
TTL 
indicating 
that the CPU has received the HOLD request 
and that bus control 
has been relinquished 
to the 82586. It 
is internally 
synchronized. 
After HOLD is detected 
as 
LOW, the processor 
drives HLDA LOW. Note, 
CONNECTING 
VCC TO HLDA IS NOT ALLOWED 
because 
it will cause a deadlock. 
Users wanting to give 
permanent 
bus access to the 82586 should connect 
HLDA with HOLD. 


CA 
35 
12 
I 
The CA pin is a Channel Attention 
input used by the CPU 
TTL 
to initiate the 82586 execution 
of memory resident 
Command 
Blocks. The CA signal is synchronized 
internally. 
The signal must be HIGH for at least one 
system clock period. It is latched internally 
on HIGH to 
LOW edge and then detected 
by the 82586. 


BHE 
44 
66 
0 
The Bus High Enable signal (BHE) is used to enable data 
TTL 
onto the most significant 
half of the data bus. Its timing is 
identical to that of A 16-A23. 
With a 16-bit bus it is LOW 
and with an 8-bit bus it is HIGH. Note: after RESET, the 
82586 is configured 
to 8-bit bus. 


READY 
39 
5 
I 
This active HIGH signal is the acknowledgement 
from the 
TTL 
addressed 
memory that the transfer 
cycle can be 
completed. 
While LOW, it causes wait states to be 
inserted. This signal must be externally 
synchronized 
with 
the system clock. The Ready signal internal to the 82586 
is a logical OR between 
READY and SRDY / ARDY. 


ARDY/SRDY 
37 
7 
I 
This active HIGH signal performs 
the same function 
as 
TTL 
READY. If it is programmed 
at configure 
time to SRDY, it 
is identical to READY. If it is programmed 
to ARDY, the 
positive edge of the Ready signal is internally 


! 
synchronized, 
Note, the negative edge must still meet 
setup and hold time specifications, 
when in ARDY mode. 
The ARDY signal must be active for at least one system 
clock HIGH period for proper strobing. The Ready signal 
internal to the 82586 is a logical OR between 
READY (in 
Maximum 
Mode only) and SRDY / ARDY. Note that 
following 
RESET, this pin assumes 
ARDY mode. 
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Table 1.82586 
Pin Description 
(Continued) 


Symbol 
48 Pin DIP 
68 Pin PLCC 
Type 
Name and Function 
Pin No. 
Pin No. 
Level 


SO,S1 
40,41 
4,3 
0 
Maximum 
mode only. These status pins define the type of 
TTL 
DMA transfer 
during the current memory cycle. They are 
encoded 
as follows: 


S1 
SO 
0 
0 
Not Used 
0 
1 
Read Memory 
1 
0 
Write Memory 
1 
1 
Passive 
Status is active from the middle of t4 to the end of t2. They 
return to the passive state during t3 or during tW when 
READY or ARDY is HIGH. These signals can be used by 
the 8288 Bus Controller 
to generate 
all memory control 
and 
timing signals.' 
Any change from the passive state, signals 
the 8288 to start the next t1 to t4 bus cycle. These pins are 
pulled HIGH and floated 
after a system RESET and when 
the bus is not acquired. 


RD 
46 
64 
0 
Used in minimum 
mode only. The read strobe indicates 
that 
TTL 
the 82586 is performing 
a memory read cycle. RD is active 
LOW during t2, t3 and tW of any read cycle. This signal is 
pulled HIGH and floated 
after a RESE;r and when the bus is 
not acquired. 


WR 
45 
65 
0 
Used in minimum 
mode only. The write strobe indicates 
that 
TTL 
the 82586 is performing 
a write memory cycle. WR is active 


I1 
LOW during t2, t3 and tW of any write cycle. It is pulled 
HIGH and floats after RESET and when the bus is not 
acquired. 


ALE 
39 
5 
0 
Used in minimum 
mode only. Address 
Latch Enable is 
TTL 
provided 
by the 82586 to latch the address 
into the 
8282/8283 address 
latch. It is a HIGH pulse, during t1 
('clock 
low') of any bus cycle. Note that ALE is never 
floated. 


DEN 
40 
4 
0 
Used in minimum 
mode only. Data ENable is provided 
as 
TTL 
output enable for the 8286/8287 transceivers 
in a stand- 
alone (no 8288) system. DEN is active LOW during each 


" 
memory access. 
For a read cycle, it is active from the 
middle of t2 until the beginning 
of t4. For a write cycle, it is 
active from the beginning 
of t2 until the middle of t4. It is 
pulled HIGH and floats after a system RESET or when the 
bus is not acquired. 


DT/R 
41 
3 
0 
Used in minimum 
mode only. DT IR is used in non-8288 
TTL 
systems using an 8286/8287 data bus transceiver. 
It 
controls 
the direction 
of data flow through the Transceiver. 


Logically, 
DTlA is equivalent 
to S1. It becomes 
valid in the 
t4 preceding 
a bus cycle and remains valid until the final t4 
of the cycle. This signal is pulled HIGH and floated 
after a 
RESET or when the bus is not acquired. 


NOTE: 
'8288 does not support 10 MHz operation. 
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82586/HOST 
CPU INTERACTION 


82586 


Communication between the 82586 and the host is 
carried out via shared memory. The 82586's on-chip 
DMA capability allows autonomous transfer of data 
blocks (buffers, frames) and relieves the CPU of 
byte transfer overhead. The 82586 is optimized to 
interface the iAPX 186, but due to the small number 
of hardware signals between the 82586 and the 
CPU, the 82586 can operate easily with other proc- 
essors. The 82586/host 
interaction is explained 
separately in terms of the logical interface and the 
hardware bus interface. 


The 82586 consists of two independent units: Com- 
mand Unit (CU) and Receive Unit (RU). The CU exe- 
cutes commands from shared memory. The RU 
handles all activities related to frame reception. The 
CU and RU enable the 82586 to engage in the two 
types of activities simultaneously: the CU may be 
fetching and executing commands out of memory, 
and the RU may be storing received frames in mem- 
ory. CPU intervention is only required after the CU 
executes a sequence of commands or the RU stores 
a sequence of frames. 


The only hardware signals that connect the CPU and 
the 82586 are INTERRUPT and CHANNEL ATTEN- 
TION (see Figure 3). Interrupt is used by the 82586 
to draw the CPU's attention to a change in the con- 
tents of the SCB. Channel Attention is used by the 
CPU to draw the 82586's attention. 


82586 SYSTEM 
MEMORY 
STRUCTURE 


The Shared Memory structure consists of four parts: 
Initialization Root, System Control Block (SCB), 


Command List, and Receive Frame Area (RFA) (see 
Figure 4). 


The Initialization Root is at a predetermined location 
in the memory space, (OFFFFF6H), known to both 
the host CPU and the 82586. The root is accessed 
at initialization and points to the System Control 
Block. 


The System Control Block (SCB) functions as a bidi- 
rectional mail drop between the host CPU, CU and 
RU. It is the central element through which the CPU 
and the 82586 exchange control and status informa- 
tion. The SCB consists of two parts, the first of 
which entails instructions from the CPU to the 
82586. These include: control of the CU and RU 
(START, ABORT, SUSPEND, RESUME), a pointer 
to the list of commands for the CU, a pointer to the 
receive frame area, and a set of Interrupt acknowl- 
edge bits. The second entails status information 
keyed by the 82586 to the CPU, including: state of 
the CU and RU (e.g. IDLE, ACTIVE READY, SUS- 
PENDED, NO RECEIVE RESOURCES), interrupts 
bits (command completed, frame received, CU not 
ready, RU not ready), and statistics (see Figure 4). 


The Command List serves as a program for the CU. 
Individual commands are placed in memory units 
called a Command Block, or CB. CB's contain com- 
mand specific parameters and command specific 
statuses. Specifically, these high level commands 
are called Action Commands (e.g. Transmit, Config- 
ure). 


A specific command, Transmit, causes transmission 
of a frame by the 82586. The Transmit command 
block includes Destination Address, Length Field, 
and a pointer to a list of linked buffers that holds the 
frame to be constructed from several buffers scat- 
tered in memory. The Command Unit performs with- 


CHANNEL 
ATTENTION 


INTERRUPT 


SHARED 
MEMORY 


n41TlALlZATION 
ROOT 
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Figure 3. 82586/Host 
CPU Interaction 
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INITIALIZATION 
ROOT 


SYSTEM 
CONTROL 
BLOCK 
(SCB) 


STATUS 


COMMAND 
COMMAND UST 
POINTER 


RECEIVE 
FRAME 
POINTER 


STATISTICS 


I 


I 


I 


--.J 
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Figure 4. 82586 Shared 
Memory 
Structure 


out the CPU intervention, the DMA of each buffer 
and the prefetching of references to new buffers in 
parallel. The CPU is notified only after successful 
transmission or retransmission. 


The Receive Frame'Area is a list of Free Frame De- 
scriptors (Descriptors not yet used) and a list of buff- 
ers prepared by the user. It is conceptually distinct 
from the Command List. Frames arrive without being 
solicited by the 82586. The 82586 must be prepared 
to receive them even if it is engaged in other activi- 
ties and to store them in the Free Frame Area. The 
Receive Unit fills the buffers upon frame reception 
and reformats the Free Buffer List into received 
frame structures. The frame structure is virtually 
identical to the format of the frame to be transmitted. 
The first frame descriptor is referenced by SCB. A 
Frame Descriptor and the associated Buffer De- 
scriptor wasted upon receiving a Bad Frame (CRC 
or Alignment errored, Receive DMA overrun errored, 
or Collision fragmented frame) are automatically re- 
claimed and returned to the Free Buffer List, unless 
the chip is configured to Save Bad Frames. 


Receive buffer chaining (Le.storing incoming frames 
in a linked list of buffers) improves memory utiliza- 
tion significantly. Without buffer chaining, the user 
must allocate consecutive blocks of the maximum 
frame size (1518 bytes in Ethernet) for each frame. 
Taking into account that a typical frame size may be 
about 100 bytes, this practice is very inefficient. With 
buffer chaining, the user can allocate small buffers 
and the 82586 uses only as many as needed. 


In the past, the drawback of buffer chaining was the 
CPU processing overhead and the time involved in 
the buffer switching (especially at 10 Mb/s). The 
82586 overcomes this drawback by performing buff- 
er management on its own for both transmission and 
reception (completely transparent to the user). 


The 82586 has a 22-bit memory address range in 
minimum mode and 24-bit memory address range in 
maximum mode. All memory structures, the System 
Control Block, Command List, Receive Descriptor 
List, and all buffer descriptors must reside within one 
64K-byte memory segment. The Data Buffers can 
be located anywhere in the memory space. 
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TRANSMITTING 
FRAMES 


The 82586 executes high level action commands 
from the Command List in external memory. Action 
commands are fetched and executed in parallel with 
the host CPU's operation, thereby significantly im- 
.proving system performance. The general action 
commands format is shown in Figure 5. 


I 
COIIIIAHO 
STATUS 
CONTROl 


FIELDS 
I 
COIM<ND 


LJNI( FIELD 
- 
(POtHTER TO NEXT COMMAHO) 


PMAMETER 
FIELD 
(COMMAND·SPEClAC 
PARAMETERS) 


NEXT 
COMMAND 
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Figure 5. Action Command 
Format 


Message transmission is accomplished by using the 
Transmit command. A single Transmit command 
contains, as part of the command-specific parame- 
ters, the destination address and length field for the 
transmitted frame along with a pointer to a buffer 
area in memory containing the data portion of the 
frame. (See Figure 15.) The data field is contained in 
a memory data structure consisting of a Buffer De- 
scriptor (BD) and Data Buffer (or a linked list of buff- 
er descriptors and buffers) as shown in Figure 6. The 
BD contains a Link Field which points to the next BD 
on the list and a 24-bit address pointing to the Data 
Buffer itself. The length of the Data Buffer is speci- 
fied by the Actual Count field of the BD. 


Using the BD's and Data Buffers, multiple Data Buff- 
ers can be 'chained' together. Thus, a frame with a 
long Data Field can be transmitted using multiple 
(shorter) Data buffers chained together. This chain- 
ing technique allows the system designer to develop 
efficient buffer management policies. 


The 82586 automatically generates the preamble 
(alternating 1's and O's) and start frame delimiter, 
fetches the destination address and length field from 
the Transmit command, inserts its unique address 
as the source address, fetches the data field from 
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TRANSMIT (BD) 


ACTUAL 
COUNT 


LlNKAELD U- 


NEXTO 


OBADORESS 
+- 
DATA 
(24 BITS) 
BUfFER (D8) 


UFFER 
DEICAIPTOA 


Figure 6. Data Buffer Descrlptor 
and Data Buffer Structure 


buffers pointed to by the Transmit command, and 
computes and appends the CRC at the end of the 
frame. See Figure 7. 


The 82586 can be configured to generC!teeither the 
Ethernet or HDLC start and end frame delimiters. In 
the Ethernet mode, the start frame delimiter is 
10101011 and the end frame delimiter indicated by 
the lack of a signal after transmitting the last bit of 
the frame check sequence field. When in the HDLC 
mode, the 82586 will generate the 01111110 'flag' 
for the start and end frame delimiters and perform 
the standard 'bit stuffing/stripping'. In addition, the 
82586 will optionally pad frames that are shorter 
than the specified minimum frame length by append- 
ing the appropriate number of flags to the end of the 
frame. 


In the event of a collision (or collisions), the 82586 
manages the entire jam, random wait and retry pro- 
cess, reinitializing DMA pointers without CPU inter- 
vention. Multiple frames can be sent by linking the 
appropriate number of Transmit commands togeth- 
er. This is particularly useful when transmitting a 
message that is larger than the maximum frame size 
(1518 bytes for Ethernet). 


RECEIVING 
FRAMES 


In order to minimize CPU overhead, the 82586 is 
designed to receive frames without CPU supervi- 
sion. The host CPU first sets aside an adequate 


START 
DEST 
SOURCE 
FRAME 
END 
PREAMBLE 
FRAME 
LENGTH 
DATA 
ADOR 
ADDR 
FIELD 
FIELD 
CHECK 
FRAME 
DELlMITER 
SEQUENCE DELlMITER 


Figure 7. Frame Format 


1-9 


intJ 
82586 


SYSTEM 
CONTROL 
.1-- 


BLOCK 


r -, - 
to- 
- - - - - - - - - - 


I 
I 
DESC:I~: 
(RFD) 
~ f---- 
FD 
.1-- 


I 
. 


I 
FREE BUFFER LIST ( 


I 
RECEIVE 


BUFFER 
.f---- 
RBD 
.~... 
I 
DESCRIPTOR 
(RBD) 
. 
. 
I 
1 
I 
I 
DATA 
DB 
I 
BUFFER (DB) 


I 
I 


FBl) 
. 


,- 
RBD 


1 


DB 


________ 
R~EI~R~AM!.AR~(~A) 
_ 


231246-7 


Figure 8. Receive Frame Area Diagram 


amount of receive buffer space and then enables 
the 82586's Receive Unit. Once enabled, the RU 
'watches' for any of its frames which it automatically 
stores in the Receive Frame Area (RFA). The RFA 
consists of a Receive Descriptor List (RDL) and a list 
of free buffers called the Free Buffer List (FBL) as 
shown in Figure 8. The individual Receive Frame 
Descriptors that make up the RDL are used by the 
82586 to store the destination and source address, 
length field and status of each frame that is re· 
ceived. (Figure 9.) 


The 82586, once enabled, checks each passing 
frame for an address match. The 82586 will recog- 
nize its own unique address, one or more multicast 
addresses or the broadcast address. If a match oc- 
curs, it stores the destination and source address 
and length field in the next available RFD. It then 
begins filling the next free Data Buffer on the FBL 
(which is pointed to by the current RFD) with the 
data portion of the incoming frame. As one DB is 
filled, the 82586 automatically fetches the next DB 
on the FBL until the entire frame is received. This 
buffer chaining technique is particularly memory effi- 
cient because it allows the system designer to set 
aside buffers that fit a frame size that may be much 
shorter than the maximum allowable frame. 


NEXT RECEIVE 
FRAME DESCRIPTOR 


RECEIVE FRAME STATUS 


LINK FIELD 
.- 


BUFFER DESCRIPTOR 
0- 
LINK FIELD 


DESTINATION ADDRESS 


SOURCE ADDRESS 


lENGTH 
FIELD 


BUFFER DESCRIPTOR 
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Flg~re 9. Receive Frame Descrlptor 


Once the entire frame is received without error, the 
82586 performs the following housekeeping tasks: 
• Updates the Actual Count field of the last Buffer 
Descriptor used to hold the frame just received 
with the number of bytes stored in its associated 
Data Buffer. 
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• Fetches the address of the next free Receive 
Frame Descriptor. 


• Writes the address of the next free Buffer De- 
scriptor into the next free Receive Frame De- 
scriptor. 


• Posts a 'Frame Received' interrupt status bit in 
the SCB. 


• Interrupts the CPU. 


In 'the event of a frame error, such as a CRC error, 
the 82586 automatically reinitializes its DMA point- 
ers and reclaims any data buffers containing the bad 
frame. As long as Receive Frame Descriptors and 
data buffers are available, the 82586 will continue to 
receive frames without further CPU help. 


82586 
NETWORK 
MANAGEMENT 
AND 
DIAGNOSTIC 
FUNCTIONS 


The behavior of data communication networks is 
typically very complex due to their distributed and 
asynchronous nature. It is particularly difficult to pin- 
point a failure when it occurs. The 82586 was de- 
signed 
in 
anticipation 
of 
these 
problems 
and 
includes a set of features for improving reliability and 
testability. 


The 82586 reports on the following events after 
each frame transmitted: 
• Transmission successful. 
• Transmission unsuccessful; lost Carrier Sense. 
• Transmission unsuccessful; lost Clear-to-Send. 
• Transmission unsuccessful; DMA underrun be- 
cause the system bus did not keep up with the 
transmission. 


• Transmission unsuccessful; number of collisions 
exceeded the maximum allowed. 


The 82586 checks each incoming frame and reports 
on the following errors, (if configured to 'Save Bad 
Frame'): 


• CRC error: incorrect CRC in a well aligned frame. 
• Alignment error: incorrect CRC in a misaligned 
frame. 


.• Frame too short: the frame is shorter than the 
configured value for minimum frame length. 


• Overrun: the frame was not completely placed in 
memory because the system bus did not keep up 
with incoming data. 


• Out of buffers: no memory resources to store the 
frame, so part of the frame was discarded. 


NETWORK 
PLANNING 
AND 
MAINTENANCE 


To perform proper planning, operation, and mainte- 
nance of a communication network, the network 
management entity must accumulate information on 
network behavior. The 82586 provides a rich set of 
network-wide diagnostics that can serve as the ba- 
sis for a network management entity. 


Network Activity information is provided in the status 
of each frame transmitted. The activity indicators 
are: 


• Number of collisions: number of collisions the 
82586 experienced in attempting to transmit this 
frame. 


• Deferred transmission: indicates if the 82586 had 
to defer to traffic on the link during the first trans- 
mission attempt. 


Statistics registers are updated after each received 
frame that passes the address filtering, and is longer 
than the Minimum Frame Length configuration pa- 
rameter. 


• CRC errors: number of frames that experienced a 
CRC error and were properly aligned. 


• Alignment errors: number of frames that experi- 
enced a CRC error and were misaligned. 
• No-resources: number of correct frames lost due 
to lack of memory resources. 
• Overrun errors: number of frame sequences lost' 


due to DMA overrun. 


The 82586 can be connqured to Promiscuous Mode. 
In this mode it captures all frames transmitted on the 
Network without checking the Destination Address. 
This is useful in implementing a monitoring station to 
capture all frames for analysis. 


The 82586 is capable of determining if there is a 
short or open circuit anywhere in the Network using 
the built in Time Domain Reflectometer (TOR) mech- 
anism. 


STATION 
DIAGNOSTICS 


The chip can be configured to External Loopback. 
The transmitter to receiver interconnection can be 
placed anywhere between the 82586 and the link to 
locate faults, for example: the 82586 output pins, the 
Serial Interface Unit, the Transceiver cable, or in the 
Transceiver. 
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The 82586 has a mechanism recognizing the trans- 
ceiver 'heart beat' signal for verifying the correct op- 
eration of the Transceiver's collision detection cir- 
cuitry. 


82586 SELF TESTING, 


The 82586 can be configured to Internal Loopback. 
It disconnects itself from the Serial Interface Unit, 
and any frame transmitted is received immediately. 
The 82586 connects the Transmit Data to the Re- 
ceive Data signal and the Transmit Clock to the Re- 
ceive Clock. 


The Dump Command causes the chip to write over 
100 bytes of its internal registers to memory. 


The Diagnose command checks the exponential 
Backoff random number generator internal to the 
82586. 


CONTROLLING 
THE 82586 


The CPU controls operation of the 82586's Com- 
mand Unit (CU) and Receive Unit (RU) of the 82586 
via the System Control Block. 


THE COMMAND 
UNIT (CU) 


The Command Unit is the logical unit that executes 
Action Commands from a list of commands very 
similar to a CPU program. A Command Block (CB) is 
associated with each Action Command. 


The CU can be modeled as a logical machine that 
takes, at any given time, one of the following states: 


• IDLE-CU 
is not executing a command and is not 
associated with a CB on the list. This is the initial 
state. 
• SUSPENDED-CU 
is not executing a command 
but (different from IDLE) is associated with a CB 
on the list. 


• ACTIVE-CU 
is currently executing an Action 
Command, and points to its CB. 


The CPU may affect the CU operation in two ways: 
issuing a CU control Command or setting bits in the 
COMMAND word of the Action Command. 


THE RECEIVE 
UNIT (RU) 


The Receive Unit is the logical unit that receives 
frames and stores them in memory. 


The RU is modeled as a logical machine that takes, 
at any given time, one of the following states: 


• IDLE-RU 
has no memory resources and is dis- 
carding incoming frames. This is the initial RU 
state. 
• NO-RESOURCES-RU 
has no memory resourc- 


es and is discarding incoming frames. This state 
differs from the IDLE state in that RU accumu- 
lates statistics on the number of frames it had to 
discard. 
• SUSPENDED-RU 
has free memory resources 
to store incoming frames but discard them any- 
way. 


EVEN BYTE 
0 


SCB 
(STATUS) 


SCB.2 
(COMMAND) 


SCB.4 


SCB·6 


SCB.8 


SCB.l0 


seB.12 


seB.14 
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Figure 10.System Control Block (SCB) Format 
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• 
READY-RU 
has 
free 
memory 
resources 
and 
stores 
incoming 
frames. 


The 
CPU 
may affect 
RU operation 
in three 
ways: 


issuing 
an 
RU 
Control 
Command, 
setting 
bits 
in 
Frame 
Descriptor, 
FD, 
COMMAND 
word 
of 
the 


frame 
currently 
being 
received, 
or setting 
EL bit of 
Buffer 
Descriptor, 
BD, of the buffer 
currently 
being 
filled. 


SYSTEM 
CONTROL 
BLOCK 
(SCB) 


The 
System 
Control 
Block 
is the 
communication 
mail-box 
between 
the 82586 and the host CPU. The 
SCB format 
is shown 
in Figure 10. 


The 
host 
CPU 
issues 
Control 
Commands 
to 
the 
82586 
via the SCB. These 
commands 
may appear 
at any time during routine 
operation, 
as determined 
by the 
host 
CPU. After 
the 
required 
Control 
Com- 
mand 
is setup, 
the CPU sends 
a CA signal 
to the 
82586. 


SCB is also used by the 82586 to return status infor- 
mation 
to the host CPU. After inserting 
the required 
status bits into SCB, the 82586 issues an Interrupt 
to 
the CPU. 


The format 
is as follows: 


STATUS 
word: 
Indicates 
the status 
of the 82586. 


This word is modified 
only by the 82586. Defined bits 
are: 


CX 
(Bit 15) 
• A command in the CBl 
having its 'I' (interrupt) bit 
set has been executed. 


FR 
(Bit 14) 
• A frame has been received. 


CNR 
(Bit 13) 
• The Command Unit left the 
Active state. 


RNR 
(Bit 12) 
• The Receive Unit left the 
Ready state. 
CUS 
(Bits 8-10) 
• (3 bits) this field contains 
the status of the Command 
Unit. 
Valid values are: 
0 
-Idle 
1 
-Suspended 
2 
-Active 
3-7 
-Not 
Used 
RUS 
(Bits 4-6) 
• (3 bits) this field contains 
the status of the Receive 
Unit. Valid values are: 
0 
-Idle 
1 
-Suspended 
2 
- 
No Resources 
3 
-Not 
Used 
4 
-Ready 
5-7 
- 
Not Used 


COMMAND 
word: 
Specifies 
the 
action 
to be per- 


formed 
as a result of the CA. This word is set by the 
CPU and cleared 
by the 82586. 
Defined 
bits are: 


ACK-CX 
(Bit 15) 
• Acknowledges the 
command executed event. 


ACK-FR 
(Bit 14) 
• Acknowledges 
the frame 
received event. 


ACK-CNA 
(Bit 13) 
• Acknowledes that the 
Command Unit became not 
ready. 


ACK-RNR 
(Bit 12) 
• Acknowledges that the 
Receive Unit became not 
ready. 


CUC 
(Bits 8-10) 
• (3 bits) this field contains 
the command to the 
Command Unit. 


0 
• NOP (doesn't affect current 
state of the unit). 
1 
, 
• Start execution of the first 
command on the CBL. If a 
command is in execution, 
then complete it before 
starting the new CBL. The 
beginning of the CBl is in 
CBlOFFSET. 


2 
• Resume the operation of 
the command unit by 
executing the next 
command. This operation 
assumes that the 
command unit has been 
previously suspended. 


3 
• Suspend execution of 
commands on CBl after 
current command is 
complete. 


4 
• Abort execution of 
commands immediately. 
5-7 
• Reserved, illegal for use. 


RUC 
(Bits 4-6) 
• (3 bits) This field contains 
the command to the 
receive unit. Valid values 
are: 


0 
• NCP (does not alter current 


state of unit). 


1 
• Start reception of frames. If 


a frame is being received, 
then complete reception 
before starting. The 
beginning of the RFA is 
contained in the RFA 
OFFSET. 


2 
• Resume frame receiving 
(only when in suspended 
state.) 
3 
• Suspend frame receiving. If 


( 
a frame is being received, 
then complete its reception 
before suspending. 


4 
• Abort receiver operation 
immediately. 


5-7 
• Reserved, illegal for use. 
RESET 
(Bit 7) 
• Reset chip (logically the 
same as hardware 
RESET). 
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CBl-OFFSET: 
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Gives the 16-bit offset address of the first command 
(Action Command) in the command list to be execut- 
ed following CU-START. Thus, the 82586 reads this 
word only if the CUC field contained a CU-START 
Control Command. 


RFA-OFFSET: 


Points to the first Receive Frame Descriptor in the 
Receive Frame Area. 


CRCERRS: 


CRC Errors - contains the 
number of properly 
aligned frames received with a CRC error. 


AlNERRS: 


Alignment Errors - contains the number of misa- 
ligned frames received with a CRC error. 


RSCERRS: 


Resource Errors - records the number of correct in- 
coming frames discarded due to lack of memory 
resources (buffer space or received frame descrip- 
tors). 


OVRNERRS: 


Overrun Errors - counts the number of received 
frame sequences lost because the memory bus was 
not available in time to transfer them. 


ACTION 
COMMANDS 


The 82586 executes a 'program' that is made up of 
action commands in the Command List. As shown in 


Figure 5, each command contains the command 
field, status and control fields, link to the next action 
command in the CL, and any command-specific pa- 
rameters. This command format is called the Com- 
mand Block. 


The 82586 has a repertoire of 8 commands: 


NOP 
Setup Individual Address 
Configure 
Setup Multicast Address 
Transmit 
TOR 
Diagnose 
Dump 


NOP 


This command results in no action by the 82586, 
except as performed in normal command process- 
ing. It is present to aid in Command List manipula- 
tion. 


NOP command includes the following fields: 


STATUS word (written by 82586)' 


C 
(Bit 15) 
• Command Completed 
B 
(Bit 14) 
• Busy Executing Command 
OK 
(Bit 13) 
• Error Free Completion 


j 


COMMAND word: 
EL 
(Bit 15) 
• End of Command List 
S 
(Bit 14) 
• Suspend After Completion 
I 
(Bit 13) 
• Interrupt After Completion 
CMD 
(Bits 0-2) 
• NOP = 0 


LINK OFFSET: Address of next Command Block 


15 
ODD BYTE 
o 
(STATUS) 


EVEN BYTE 
0 


4 


C 
B 
CK 


LINK OFFSET 


EL 
S 
CMD = 0 
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Figure 11.The NOP Command Block 
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lA-SETUP 
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This command 
loads the 82586 
with the Individual 
Address. 
This address 
is used by the 82586 for rec- 


ognition 
of Destination 
Address 
during reception 
and 
insertion 
of Source Address 
during transmission. 


The 
lA-SETUP 
command 
includes 
the 
following 
fields: 


15 
ODD 
BYTE 
EVEN BYTE 
0 


C 
B 
OK 
A I 
ZEROS 


EL 
S 
I 
." 
I 
CMD=l 


LI"IK 
OFFSET 


2ND BYTE 
I 
1ST BYTE 
I 
I 
--- 
I 


INDIVIDUAL 
ADDRESS 
--- 
I 
--- 
II 
NTH BYTE 
I 


o 
(STATUS) 


2 
(COMMAND) 


4 


6 


8 


10 
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STATUS 
word (written 
by 82586) 


Figure 
12. The lA-SETUP 
Command 
Block 


C 
(Bit 15) 
• Command 
Completed 
B 
(Bit 14) 
• Busy Executing 
Command 
OK 
(Bit 13) 
• Error Free Completion 
A 
(Bit 12) 
• Command 
Aborted 


COMMAND 
word: 


EL 
(Bit 15) 
• End of Command 
List 
S 
(Bit 14) 
• Suspend After Completion 
I 
(Bit 13) 
• Interrupt After Completion 
CMD 
(Bits 0-2) 
• lA-SETUP 
= 1 


LINK OFFSET: 
Address 
of next Command 
Block 


INDIVIDUAL 
ADDRESS: 
Individual 
Address 
param- 
eter 


The least significant 
bit of the Individual Address 
pa- 
rameter 
must, 
be 
zero 
for 
IEEE 
802.3/Ethernet. 


However, 
no enforcement 
of 0 is provided 
by the 
82586. Thus, an Individual Address 
with least signifi- 
cant bit 1, is possible. 


CONFIGURE 


The CON FIGURE 
command 
is used to update 
the 
82586 operating 
parameters. 


The CONFIGURE 
command 
includes 
the following 
fields: 


STATUS 
word 
(written 
by 82586): 


C 
(Bit 15) 
• Command 
Completed 
B 
(Bit. 14) 
• Busy Executing 
Command 
OK 
(Bit 13) 
• Error Free Completion 
A 
(Bit 12) 
• Command 
Aborted 


COMMAND 
word: 


EL 
(Bit 15) 
• End of Command 
List 
S 
(Bit 14) 
• Suspend 
After Completion 
I 
(Bit13) 
• Interrupt After Completion 
CMD 
(Bits 0-2) 
• Configure 
= 2 


LINK OFFSET: 
Address 
of next Command 
Block 


Byte 
6-7: 


BYTECNT 
(Bits 0-3) 
• Byte Count, Number of 
bytes including this one, 
holding the parameters 
to 
be configured. 
A number 


1-' 
smaller than 4 is 
I:r: 
interpreted 
as 4. A 
number greater than 12 is 


t 
interpreted 
as 12. 
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Figure 13.The CONFIGURE 
Command 
Block 


• Value of FIFO 
Threshold. 


Byte 8-9: 


SRDY/ARDY 
(Bit 6) 
0 
• SRDY lARDY 
pin 
operates 
as ARDY 
(internal 
synchronization). 
1 
• SRDY lARDY 
pin 
operates 
as SRDY 
(external 
synchronization). 
SAV-BF 
(Bit 7) 
0 
• Received 
bad 
frames are not saved 
in memory. 
1 
• Received 
bad 
frames are saved in 
memory. 
ADD-LEN 
(Bits 8-10) 
• Number of address 
byes. NOTE: 7 is 
interpreted 
as O. 
AL-LOC 
(Bit 11) 
0 
• Address and Length 
Fields separated 
from data and 
associated 
with 
Transmit 
Command 
Block or Receive 
Frame Descriptor. 
For transmitted 
Frame, Source 
Address 
is inserted 
by the 82586. 


1 
• Address 
and Length 
Fields are part of the 
Transmit/Receive 
data 
buffers, including 
Source Address 
(which 
is not inserted 
by the 
82586). 
PREAM· 
(Bits 
• Preamble 
Length 
LEN 
12-13) 
including 
Beginning 
of 
Frame indicator: 


00 - 2 bytes 
01 - 4 bytes 
1- 
10 - 8 by1es 
11-16by1es 
INT·LPBCK 
(Bit 14) 
• Internal Loopback 
EXT-LPBCK 
(Bit 15) 
• External Loopback. 
NOTE: Bits 14 and 15 
configured 
to 1, cause 
Internal Loopback. 


Byte 10-11: 


UN-PRIO 
(Bits 0-2) 
• Linear Priority 
ACR 
(Bits 4-6) 
• Accelerated 
Contention 
Resolution 
(Exponential 
Priority) 
BOF·MET 
(Bit 7) 
• Exponential 
Backoff 
Method 
0- IEEE 802.3/Ethernet 
1 - Alternate 
Method 
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INTER 
(Bits 8-15) 
• Number indicating 
FRAME 
the Interframe 
SPACING 
Spacing in TxC 
period units. 


Byte 12-13: 


SLOT- 
(Bits 0-7) 
• Slot Time Number, 
TIME(L) 
Low Byte 
SLT-TM (H) 
(Bits 8-10) 
• Slot Time Number, 
High Bits 
RETRY- 
(Bits 
• Maximum Number of 
NUM 
12-15) 
Transmission Retries 
on Collisions 


Byte 14-15: 


PRM 
(Bit 0) 
• Promiscuous Mode 
BC-DIS 
(Bit 1) 
• Broadcast Disable 
MANCH/ 
(Bit 2) 
• Manchester or NRZ 
NRZ 
• Encoding/Decoding 
0 
• NRZ 
1 
• Manchester 
TONO-CRS 
(Bit 3) 
• Transmit on No 
Carrier Sense 
0 
• Cease Transmission 
if CRS Goes Inactive 
During Frame 
Transmission 
1 
" 
• Continue 
Transmission Even if 
no Carrier Sense 
NCRC-INS 
(Bit 4) 
• No CRC Insertion 
CRC-16 
(Bit 5) 
• CRCType: 


0 
• 32 bit Autodin 11 CRC 
Polynomial 
1 
• 16 bit CCITT CRC 
Polynomial 
BT-STF 
(Bit 6) 
• Bitstuffing: 
0 
• End of Carrier Mode 
(Ethernet) 
1 
• HDLC like Bitstuffing 
Mode 
PAD 
(Bit 7) 
• Padding 
0 
• No Padding 
1 
• Perform Padding by 
Transmitting Flags 
for Remainder of 
Slot Time 
CRSF 
(Bits 8-9) 
• Carrier Sense Filter 
in Bit Times 
CRS-SRC 
(Bit 11) 
• Carrier Sense 
Source 
0 
• External 
1 
• Internal 


CDTF 
(Bits 
• Collision Detect 
12-14 
Filter in Bit Times 
CDT-SRC 
(Bit 15) 
• Collision Detect 
Source 
0 
• External 
1 
• Internal 
I 


• Minimum Number of 
Bytes in a Frame 


CONFIGURATION 
DEFAULTS 


The default values of the configuration parameters 
are compatible with the IEEE 802.3/Ethernet Stan- 
dards. RESET configures the 82586 according to 
the defaults shown in Table 2. 


Table 2. 82586 Default Values 


Preamble Length (Bytes) 
8 
Address Length (Bytes) 
6 
Broadcast Disable 
0 
CRC-16/CRC-32 
0 
No CRC Insertion 
0 
Bitstuffing/EOC 
0 
Padding 
0 
Min-Frame-Length (Bytes) 
64 
Interframe Spacing (Bits) 
96 
Slot Time (Bits) 
512 
Number of Retries 
15 
Linear Priority 
0 
Accelerated Contention Resolution 
0 
Exponential Backoff Method 
0 
Manchester/NRZ 
0 


Internal CRS 
0 
CRS Filter 
0 
Internal CDT 
0 
CDT Filter 
0 
Transmit On No CRS 
0 
FIFa THRESHOLD 
8 
SRDY/ARDY 
0 
Save Bad Frame 
0 
Address/Length Location 
0 


INT Loopback 
0 
EXT Loopback 
0 
Promiscuous Mode 
0 
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MC-SETUP 


Figure 14.The MC-SETUPCommand Block 


Issuing a MC-SETUP command with MC-CNT=0 
disables reception of any incoming frame with a Mul- 
ticast Address, 
This command sets up the 82586 with a set of Multi- 
cast Addresses. Subsequently, incoming frames 
with Destination Addresses from this set are accept- 
ed. 


The MC-SETUP command includes the following 
fields: 


STATUS word (written by 82586): 


C 
(Bit 15) 
• Command Completed 
B 
(Bit 14) 
• Busy Executing 
Command 
OK 
(Bit 13) 
• Error Free Completion 
A 
(Bit 12) 
• Command Aborted 


COMMAND word: 


EL 
(Bit 15) 
• End of Command List 
S 
(Bit 14) 
• Suspend After 
Completion 
I 
(Bit 13) 
• Interrupt After 
Completion 
CMD 
(Bits 0-2) 
• MC-SETUP = 3 


LINK OFFSET: Address of next Command Block 


MC-CNT: A 14-bit field indicating the number of 
bytes in the MC-LIST field. MC-CNT is truncated to 
the nearest multiple of Address Length (in bytes), . 


MC-LIST: A list of Multicast Addresses to be accept- 
e<,lby the 82586. Note that the most significant byte 
of an address is followed immediately by the least 
significant byte of the next address. Note also that 
the least significant bit of each Multicast Address in 
the set must be a one, 


The 
Transmit-Byte-Machine 
maintains 
a 
64-bit 
HASH table used for checking Multicast Addresses 
during reception, 


An incoming frame is accepted if it has a Destination 
Address whose least significant bit is a one, and af- 
ter hashing points to a bit in the HASH table whose 
value is one, The hash function is selecting bits 2 to 
7 of the CRC register. RESET causes the HASH ta- 
ble to become all zeros. 


After the Transmit-Byte-Machine reads a MC-SET- 
UP command from TX-FIFO, it clears the HASH ta- 
ble and reads the bytes in groups whose length is 
determined by the ADDRESS length. Each group is 
hashed using CRC logic and the bit in the HASH 
table to which bits 2-7 of the CRC register point is 
set to one. A group that is not complete has no ef- 
fect on the HASH table. Transmit-Byte-Machine noti- 
fies CU after completion. 
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Figure 
15. The Transmit 
Command 
Block 


TRANSMIT 


The 
TRANSMIT 
command 
causes 
transmission 
(and if necessary 
retransmission) 
of a frame. 


TRANSMIT 
CB includes 
the following 
fields: 


STATUS 
word 
(written 
by 82586): 


C 
(Bit 15) 
• Command 
Completed 
B 
(Bit 14) 
• Busy Executing 
, 


Command 
OK 
(Bit 13) 
• Error Free Completion 
A 
(Bit 12) 
• Command 
Aborted 
S10 
(Bit 10) 
• No Carrier Sense signal 
during transmission 
(between 
beginning 
of 
Destination 
Address 
and 
end of Frame Check 
Sequence). 
S9 
(Bit 9) 
• Transmission 
unsuccessful 
(stopped) 
due to loss of Clear-to- 
Send signal. 


S8 
(Bit 8) 
• Transmission 
unsuccessful 
(stopped) 
due to DMA underrun, 
(i.e. data not supplied 
from the sytem for 
transmission). 
S7 
(Bit 7) 
• Transmission 
had to 
Defer to traffic on the link. 


A 


S6 
(Bit 6) 
• Heart Beat, indicates 
that 
during Interframe 
Spacing 
period after the 
previous transmission, 
a 
pulse was detected 
on 
the Collision 
Detect pin. 
S5 
(Bit 5) 
• Transmission 
attempt 
stopped 
due to number of 
collisions 
exceeding 
the 
maximum 
number c: 
retries. 
MAX- 
(Bits 3-0) 
• Number of Collisions 
COll 
experienced 
by this 
frame. S5 = 1 and MAX- 
COll 
= 0 indicates 
that 
there were 16 collisions. 


COMMAND 
word: 


El 
(Bit 15) 
• End of Command 
List 
S 
(Bit 14) 
• Suspend 
After 
Completion 
I 
(Bit 13) 
• Interrupt 
After 
Completion 
CMD 
(Bits 0-2) 
• TRANSMIT 
= 4 


LINK OFFSET: 
Address 
of next Command 
Block 


TBD OFFSET: 
Address 
of list of buffers 
holding 
the 
information 
field. 
TBD-OFFSET 
= 
OFFFFH 
indi- 
cates that there is no Information 
field. 


DESTINATION 
ADDRESS: 
Destination 
Address 
of 
the frame. 


LENGTH 
FIELD: 
length 
field of the frame. 
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STATUS 
word: 


EOF 
• Indicates 
that this is the 
Buffer Descriptor 
of the 
last buffer of this frame's 
Information 
Field. 
ACT- 
(Bits 0-13) 
• Actual number of data 
COUNT 
bytes in buffer (can be 
even or odd). 


NEXT BD OFFSET: 
points to next Buffer Descriptor 
in list. If EOF is set, this field is meaningless. 


BUFFER 
ADDRESS: 
24-bit 
absolute 
address 
of 
buffer. 


TIME DOMAIN 
REFLECTOMETER 
- 
TOR 


This command 
performs 
a Time Domain 
Reflectom- 
eter test on the serial link. By performing 
the com- 
mand, 
the user is able to identify 
shorts 
or opens 
and 
their 
location. 
Along 
with 
transmission 
of 'All 
Ones,' 
the 82586 triggers 
an internal 
timer. The tim- 


er 
measures 
the 
time 
elapsed 
from 
transmission 


start until 'echo' 
is obtained. 
'Echo' 
is indicated 
by 


Collision 
Detect going active or Carrier Sense signal 


drop. 


TDR command 
includes 
the following 
fields: 


STATUS 
word (written 
by 82586): 


C 
(Bit 15) 
• Command 
Completed 
B 
(Bit 14) 
• Busy Executing 
Command 
OK 
(Bit 13) 
• Error Free Completion 


COMMAND 
word: 


EL 
(Bit 15) 
• End of Command 
List 
S 
(Bit 14) 
• Suspend 
After Completion 


I 
(Bit 13) 
• Interrupt 
After Completion 
CMD 
(Bits 0-2) 
.TDR 
= 5 


1S 
ODD BYTE 
EVEN BYTE 
o 


NEXT BD OFFSET 


BUFFER ADDRESS 


Figure 16. The Transmit 
Buffer Description 
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Figure 17. The TOR Command 
Block 
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RESULT 
word· 


LINK OFFSET: 
Address 
of next Command 
Block 
STATUS 
word 
(written 
by 82586)· 


LNK-OK 
(Bit 15) 
• No Link Problem 
Identified 
XCVR-PRB 
(Bit 14) 
• Transceiver 
Cable 
Problem identified 
(valid 
only in the case of a 
Transceiver 
that does not 
return Carrier Sense 
during transmission). 
ET-OPN 
(Bit 13) 
• Open on the link 
identified 
(valid only in 
the case of a Transceiver 
that returns Carrier Sense 
during transmission). 


ET-SRT 
(Bit 12) 
• Short on the link 
identified 
(valid only in 
the case of a Transceiver 
that returns Carrier Sense 
during transmission). 
TIME 
(Bits 0-10) 
• Specifying 
the distance 
to 
a problem 
on the link (if 
one exists) in transmit 
clock cycles. 


DUMP 


This command 
causes 
the contents 
of over a hun- 
dred bytes of internal 
registers 
to be placed in mem- 
ory. It is supplied 
as a self diagnostic 
tool, as well as 
to supply registers 
of interest 
to the user. 


DUMP command 
includes 
the following 
fields: 


C 
(Bit 15) 
• Command 
Completed 
B 
(Bit 14) 
• Busy Executing 
Command 
OK 
(Bit 13) 
• Error Free Completion 


COMMAND 
word: 


EL 
(Bit 15) 
• End of Command 
List 
S 
(Bit 14) 
• Suspend 
After Completion 
I 
(Bit 13) 
• Interrupt 
After Completion 
CMD 
(Bits 0-2) 
• DUMP = 6 


LINK OFFSET: 
Address 
of next Command 
Block 


BUFFER 
OFFSET: 
This 
word 
specifies 
the 
offset 
portion 
of the memory 
address 
which 
points 
to the 
top of the buffer 
allocated 
for the dumped 
registers 
contents. 
The length of the buffer is 170 bytes. 


DUMP AREA FORMAT 


Figure 18 shows the format 
of the DUMP area. The 
fields are as follows: 


Bytes 
OOH to OAH: These 
bytes correspond 
to the 
82586 CON FIGURE 
command 
field. 


Bytes 
OCH to 11H: The Individual 
Address 
Register 
content. 
IARO is the Individual 
Address 
least signifi- 
cant byte. 


Bytes 
12H to 
13H: Status 
word 
of last command 
block (only bits 0-13). 


15 
o 


o 
~__~ __~~~~~~~~~~~~~~~~~~~~~~ 
__-r__,-~(STATUS) 


C 
B 
OK 


LINK 
OFFSET 


EL 
S 
CMD = 6 
2 
~ __L-__L-~C-~~~~~~~~~~~~~~~~~~~ 
__~ __~~(COMMAND) 


~ 
~ 
~ 
~4 


BUFFER 
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L- 
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Figure 
18. The DUMP Command 
Block 
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Bytes 
14H to 
l7H: Content 
of the Transmit 
CRC 
generator. 
TXCRCRO 
is the 
least 
significant 
byte. 


The contents 
are dependent 
on the activity 
before 
the DUMP command: 


After 
RESET - 'All Ones.' 


After successful 
transmission 
- 'All Zeros'. 


After 
MC-SETUP 
command 
- Generated 
CRC value 
of the last MC address, 
on MC-LIST. 


After unsuccessful 
transmission, 
depends 
on where 
it stopped. 


NOTE: 
For 16-bit CRC only TXCRCRO 
and TXCRCR1 
are 
valid. 
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Figure 
19_The DUMP Area 
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Bytes 
18H 
to 
1BH: 
Contents of Receive CRC 
Checker. RXCRCRO is the least significant byte. 
The contents are dependent on the activity per- 
formed before the DUMP command: 


After RESET - 'All Ones.' 


After good frame reception- 
1. For CRC-CCITI - OIDOFH 
2. For CRC-Autodin-II - C704DD7BH 


After Bad Frame reception - corresponds to the re- 
ceived information. 


After reception attempt, i.e. unsuccessful check for 
address match, corresponds to the CRC performed 
on the frame address. 


NOTE: 
Any frame on the serial link modifies this register 
contents. 


Bytes 
1CH to 21H: Temporary Registers. 


Bytes 22H to 23H: Receive Status Register. Bits 6, 
7,8,10,11 
and 13 assume the same meaning as 
corresponding bits in the Receive Frame Descriptor 
Status field. 


Bytes 24H to 2BH: HASH TABLE. 


Bytes 2CH to 2DH: Status bits of the last time TOR 
command that was performed. 


NXT-RB-SIZE: 
Let N be the last buffer of the last 
received frame, then NXT-RB-SIZE is the number of 
bytes of available in the N + 1 buffer. EL - The EL 
bit of the Receive Buffer Descriptor. 


NXT-RB-ADR: 
Let N be the last Receive Buffer 
used, then NXT-RB-ADR is the BUFFER-ADDRESS 
field in the N + 1 Receive-Buffer Descriptor, i.e. the 
pointer to the N + 1 Receive Buffer. 


CUR-RB-SIZE: 
The number of bytes in the last buff- 
er of the last received frame. EL - The EL bit of the 
last buffer in the last received frame. 


LA-RBD-ADR: 
Look Ahead Buffer Descriptor, i.e. 
the pointer to N + 2 Receiver Buffer Descriptor. 


NXT -RBD-ADR: 
Next Receive Buffer Descriptor Ad- 
dress. Similar to LA-RBD-ADR but points to N + 1 
Receive Buffer Descriptor. 


CUR-RBD-ADR: 
Current Receive Buffer Descriptor 
Address. Similar to LA-RBD-ADR, but point to Nth 
Receive Buffer Descriptor. 


CUR-RB-EBC: 
Current Receive Buffer Empty Byte 
Count Let N be the currently used Receive Buffer. 
Then CUR-RB-EBC indicates the Empty part of the 
buffer, i.e. the ACT-COUNT of buffer N is given by 
the difference between its SIZE and the CUR-RB- 
EBC. 


NXT -FD-ADR: 
Next Frame Descriptor Address. De- 
fine N as the last Receive Frame Descriptor with bits 
C = 1 and B = 0, then NXT-FD-ADR is the address 
of N + 2 Receive Frame Descriptor (with B = C = 
0) and is equal to the LINK-ADDRESSfield in N + 1 
Receive Frame Descriptor. 


CUR-FD-ADR: 
Current Frame Descriptor Address. 


Similar to next NXT-FD-ADR but refers to N + 1 
Receive Frame Descriptor (with B = 1, C = 0). 


Bytes 54H to 55H: Temporary register. 


NXT-TB-CNT: 
Next Transmit Buffer Count. Let N be 
the last transmitted buffer of the TRANSMIT com- 
mand executed recently, the NXT-TB-CNT is the 
ACT-COUNT field in the Nth Transmit Buffer De- 
scriptor. EOF - Corresponds to the EOF bit of the 
Nth Transmit Buffer Descriptor. EOF = 1 indicates 
that the last buffer accessed by the 82586 during 
Transmit was the last Transmit Buffer in the data 
buffer chain associated with the Transmit Com- 
mand. 


BUF-ADR: Buffer Address. The BUF-PTRfield in the 
DUMP-STATUS Command Block. 


NXT-TB-AD-L: 
Next Transmit Buffer Address Low. 


Let N be the last Transmit Buffer in the transmit buff- 
er chain of the TRANSMIT Command performed 
recently, then NXT-TB-AD-Lare the two least signifi- 
cant bytes of the Nth buffer address. 


LA-TB-ADR: 
Look Ahead Transmit Buffer Descrip- 
tor Address. Let N be the last Transmit Buffer in the 
transmit buffer chain of the TRANSMIT Command 
performed recently, then LA-TBD-ADR is the NEXT- 
BD-ADDRESS field of the Nth Buffer Descriptor. 


NXT-TBD-ADR: 
Next Transmit Buffer Descriptor 
Address. Similar in function to LA-TBD-ADR but re- 
lated to Transmit Buffer Descriptor N-1. Actually, it is 
the address of Transmit Buffer Descriptor N. 


Bytes 
60H, 61H: This is a copy of the 2nd word in 
the DUMP-STATUS command presently executing. 


NXT-CB-ADR: 
Next Command Block Address. The 
LINK-ADDRESSfield in the DUMP Command Block 
presently executing. Points to the next command. 


CUR-CB-ADR: 
Current Command Block Address. 


The address of the DUMP Command Block currently 
executing. 
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SCB-ADR: 
Offset 
of 
the 
System 
Control 
Block 
(SCB). 


Bytes 7EH, 7FH: 


RU-SUS-RQ 
(Bit 
4) - Receive 
Unit 
Suspend 
Re- 
quest. 


Bytes 80H, 81H: 


CU-SUS-RQ 
(Bit 4) - Command 
Unit Suspend 
Re- 
quest. 


END-OF-CBL 
(Bit 5) - End of Command 
Block List. If 


"1" 
indicates 
that 
DUMP-STATUS 
is the last com- 
mand in the command 
chain. 


ABRT-IN-PROG 
(Bit 6) - Command 
Unit Abort Re- 
quest. 


RU-SUS-FD 
(Bit 12) - Receive 
Unit Suspend 
Frame 
Descriptor 
Bit. Assume 
N is the Receive 
Frame De- 
scriptor 
used 
recently, 
then 
RU-SUS-FD 
is equiva- 
lent to the S bit of N + 1 Receive 
Frame Descriptor. 


Bytes 82H, 83H: 


RU-SUS (Bit 4) - Receive 
Unit in SUSPENDED 
state. 


RU-NRSRC 
(Bit 5) - Receive 
Unit in NO RESOURC- 
ES state. 


RU-RDY 
(Bit 6) - Receive 
Unit in READY state. 


RU-IDL (Bit 7) - Receive 
Unit in IDLE state. 


RNR (Bit 12) - RNR Interrupt 
in Service 
bit. 


CNA (Bit 13) - CNA Interrupt 
in Service 
bit. 


FR (Bit 14) - FR Interrupt 
in Service 
bit. 


CX (Bit 15) - CX Interrupt 
in Service 
bit. 


Bytes 90H to 93H: 


BUF-ADR-PTR 
- Buffer 
pointer 
is the absolute 
ad- 
dress 
of the bytes 
following 
the 
DUMP 
Command 
block. 


Bytes 94H to 95H: 


RCV-DMA-BC 
- Receive 
DMA Byte Count. This field 
contains 
number 
of bytes 
to be transferred 
during 
the 
next 
Receive 
DMA 
operation. 
The 
value 
de- 
pends on AL-LOCation configuration bit. 


1. If AL-LOCation 
= 
0 then 
RCV-DMA-BC 
= (2 
times 
ADDR-LEN 
plus 
2) 
if the 
next 
Receive 
Frame Descriptor 
has already 
been fetched. 


2. 
If AL-LOCation 
= 1 then 
it contains 
the size of 
the next Receive 
Buffer. 


BR + BUF - PTR + 96H - Sum of Base Address 
plus 
BUF - PTR field and 96H. 


RCV-DMA-ADR 
- Receive 
DMA absolute 
Address. 


This is the next RCV-DMA 
start address. 
The value 
depends 
on AL-LOCation 
configuration 
bit. 


1. If AL-LOCation 
= 0, then RCV-DMA-ADR 
is the 
Destination 
Address 
field located 
in the next Re- 
ceive Frame Descriptor. 


2. If AL-LOCation 
= 1, then RCV-DMA-ADR 
is the 
next Receive 
Data Buffer Address. 


The following 
nomenclature 
has been 
used 
in the 
DUMP table: 


• The 82586 writes zero in this location. 
• The 82586 writes one in this location. 
• The 82586 writes zero or one in this 
location. 
• The 82586 copies this location 
from the 
corresponding 
position 
in the memory 
structure. 


o 
1 
X 


III 


DIAGNOSE 


The DIAGNOSE 
Command 
triggers 
an internal 
self 
test procedure 
of backoff 
related registers 
and coun- 
ters. 


The DIAGNOSE 
command 
includes 
the following: 


STATUS 
word (written 
by 82586): 


C 
(Bit 15) 
• Command 
Completed 
B 
(Bit 14) 
• Busy Executing 
Command 
OK 
(Bit 13) 
• Error Free Completion 
FAIL 
(Bit 11) 
• Indicates 
that the Self 
Test Procedured 
Failed 


COMMAND 
word: 


EL 
(Bit 15) 
• End of Command 
List 
S 
(Bit 14) 
• Suspend After 
Completion 
I 
(Bit 13) 
• Interrupt 
After 
Completion 
CMD 
(Bits 0-2) 
• DIAGNOSE 
= 7 


LINK OFFSET: Address 
of next Command 
Block. 
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15 


B 
OK 
C 
ZEROS 
o 
1-~-+-4---:::oIL-:::,......I;7""~-:;::O--::"'-:7"""7-:;:::--:::::--7""-:;::>-:;:::,...,----r-""T'"---1 
(STATUS) 


EL 
CMD=7 
2 
1-.....J_....L_....L:::::.....::::::::.....O:::::::'.L.:......:::::::.....:::::::......c...L.:.......::::.....::::::....L.~:.......:::......::J_-L_....L----l 
(COMMAND) 


LINK OffSET 
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Figure 20. The DIAGNOSE Command Block 


TO 
COMMAND 
BLOCK 
LIST 


RECEIVE FRAME AREA 
In 


RECEIVE 
FRAME 
DESCRIPTORS 


RECEIVE 
BUFFER 
DESCRIPTORS 


RECEIVE 
BUFFERS 


BUFFERS 
BUFFER 1 
BUFFER 2 
BUFFER 3 
BUFFER 4 


FREE FRAME LIST 
,- 
RECEIVE FRAME LIST 
-..11 
_ 
I 
I 
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Figure 21. The Receive Frame Area 


RECEIVE 
FRAME AREA 
(RFA) 
FRAME 
DESCRIPTOR 
(FD) FORMAT 


The Receive Frame Area, RFA, is prepared by the 
host CPU, data is placed into the RFA by the 82586 
as frames are received. RFA consists of a list of 
Receive Frame Descriptors (FD), each of which is 
associated with a frame. RFA-OFFSET field of SCB 
points to the first FD of the chain; the last FD is 
identified by the End-of-Listing flag (EL). See Figure 
21. 


The FD includes the following fields: 


STATUS word (set by the 82586): 


C 
(Bit 15) 
• Completed Storing 
Frame. 
B 
(Bit 14) 
• FD was Consumed by 
RU. 
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C 
B 
o 
~--+--+-=,...L.-::?...L..: L:::~?.....I::::-~_~--:~-::,.......-=-;;?'-::,.......-=_::::>"'I 
(STATUS) 


LINK OFFSET 


RBD·OFFSET 


1ST BYTE 
MC 
8 


DESTINATION 
ADDRESS 
10 


12 
1ST BYTE 
14 


SOURCE ADDRESS 
16 


18 


1ST BYTE 
LENGTH 
FIELD 
20 
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El 
S 


ZEROS 


EVEN BYTE 
0 


2ND BYTE 


NTH BYTE 


2ND BYTE 


NTH BYTE 


2ND BYTE 


Figure 
22. The Frame 
Descriptor 
(FD) Format 


OK 
(Bit 13) 
• Frame received 
successfully. 
If this bit is 
set, then all others will be 
reset; if it is reset, then 
the other bits will indicate 
the nature of the error. 


S11 
(Bit 11) 
• Received 
Frame 
Experienced 
CRC Error. 


S10 
(Bit 10) 
• Received 
Frame 
Experienced 
an 
Alignment 
Error. 
S9 
(Bit 9) 
• RU ran out of resources 
during reception 
of this 
frame. 
S8 
(Bit 8) 
• RCV-DMA 
Overrun. 


S7 
(Bit 7) 
• Received 
frame had 
fewer bits than 
configured 
Minimum 
Frame Length. 
S6 
(Bit 6) 
• No EOF flag detected 
(only when configured 
to 
Bitstuffing). 


COMMAND 
word: 


EL 
(Bit 15) 
• Last FD in the List 
S 
(Bit 14) 
• RU should be suspended 
after receiving this frame. 


LINK OFFSET: 
Address 
of next FD in list 


RBD-OFFSET: 
(initially prepared 
by the CPU and lat- 
er may be updated 
by 82586): 
Address 
of the first 
RBD 
that 
represents 
the 
Information 
Field. 
RBD- 
OFFSET 
= OFFFFH means there is no Information 
Field. 


DESTINATION 
ADDRESS 
(written 
by 
82586): 
Contains 
Destination 
Address 
of 
received 
frame. 


The length in bytes, it is determined 
by the Address 
Length configuration 
parameter. 


SOURCE 
ADDRESS 
(written 
by 82586): 
Contains 
Source 
Address 
of received 
frame. 
Its length 
is the 
same as DESTINATION 
ADDRESS. 


LENGTH 
FIELD (written 
by 82586): 
Contains 
the 2 
byte Length or Type Field of received 
frame. 


RECEIVE 
BUFFER DESCRIPTOR 
FORMAT 


The Receive 
Buffer Descriptor 
(RBD) holds informa- 
tion about a buffer; size and location, 
and the means 
for forming 
a chain 
of RBDs, 
(forward 
pointer 
and 
end-of-frame 
indication). 


The Buffer Descriptor 
contains 
the following 
fields. 


1-26 


inter 
82586 


1S 
o 


NEXT BD OFFSET 


EDF 
ACT COUNT 
o 


-'-----''-----L--i 
(STATUS) 


BUFFERADDRESS 


A23 


SIZE 
•• 


231246-24 
'----------- 
Figure 23. The Receive 
Buffer Descriptor 
(RBD) Format 


STATUS 
word (written 
by the 82586). 
BUFFER 
ADDRESS: 
24-bit 
absolute 
address 
of 
buffer. 


EOF 
(Bit 15) 
• Last buffer in received 
frame. 
F 
(Bit 14) 
• ACT COUNT field is valid. 
ACT 
(Bits 0-13) 
• Number of bytes in the 
COUNT 
buffer that are actually 
occupied. 


EL/SIZE: 


EL 
(BIT 15) 
• Last BD in list. 


SIZE 
(Bits 0-13) 
• Number of bytes the 


-, 
buffer is capable 
of 
holding. 


,~ 
NEXT 
RBD OFFSET: 
Address 
of next BD in list of 
BD's. 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to 150°C 


Voltage 
on Any Pin with 
Respect to Ground 
-1.0V 
to + 7V 


Power Dissipation 
3.0 Watts 


• WARNING: Stressing the device beyond the "Absolute 
Maximum· Ratings" 
may 
cause permanent 
damage. 
These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


D.C. CHARACTERISTICS 
TA = O°C to 70°C, Tc = O°C to 105°C, vcc = 5V ±10%, 
CLK has MOS levels 
(See VMll, 
VMIH, VMOl, 
VMOH). TxC and RxC have 82C501 compatible 
levels (VMll, VTIH, VRIH). All other signals have TTL levels (see 
vu. VIH, VOL, OH)· 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage 
(TIL) 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
(TIL) 
2.0 
vcc + 0.5 
V 


VOl 
Output 
Low Voltage 
(TIL) 
0.45 
V 
IOl = 2.5 mA 


VOH 
Output High Voltage 
(TIL) 
2.4 
V 
IOH - 
400fJ-A 


VMll 
Input Low Voltage 
(MOS) 
-0.5 
0.6 
V 


VMIH 
Input High Voltage 
(MOS) 
3.9 
vcc + 0.5 
V 


VTIH 
Input High Voltage 
(TxC) 
3.3 
vcc + 0.5 
V 


VRIH 
Input High Voltage (AXC) 
3.0 


, 
vcc + 0.5 
V 


VMOl 
Output Low Voltage 
(MOS) 
0.45 
V 
IOl2.5 
mA 


VMOH 
Output High Voltage 
(MOS) 
vcc - 0.5 
V 
IOH - 
400 !LA 


III 
Input Leakage Current 
±10 
!LA 
o $: VIN $: vcc 


ILO 
Output Leakage Current 
±10 
!LA 
0.45 s VOUT s vcc 


CIN 
Capacitance 
of Input Buffer 
10 
pF 
FC = 1 MHz 


COUT 
Capacitance 
of Output Buffer 
20 
pF 
FC = 1 MHz 


Icc 
Power Supply Current 
550 
mA 
TA = O°C 
450 
TA = 70°C 
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SYSTEM 
INTERFACE 
A.C. TIMING 
CHARACTERISTICS 
TA = o·e to 70·e, Tc = o·e to 105·e, vcc = 5V ± 10%. Figures 24 and 25 define 
how the measurements 
should 
be done. 


INPUT 
AND OUTPUT 
WAVEFORMS 
FOR A.C. TESTS 


231246-25 
AC Testing 
Inputs 
are Driven 
at 2.4V for a Logic 
t and 0.45 for a Logic 
O. Timing 
measurements 
are made 
at t .5V for both 
a Logic 
t and 0 
2.4=::::><1.5 
--TEST 
POINTS--1.5 x= 
0.45 


MOS 1/0 measurements 
are taken 
at 0.1 and 0.9 of the voltage 
swing 


Figure 24. TTL Input/Output 
Voltage 
Levels for Timing Measurements 
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Figure 25. System Clock CMOS Input Voltage 
Levels for Timing Measurements 
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INPUT TIMING 
REQUIREMENTS· 
, 
, 


82586·6 
82586 
82586·10 
Symbol 
Parameter 
(6 MHz) 
(8 MHz) 
(10 MHz) 
Comments 


Min 
Max 
Min 
Max 
Mln 
Max 


T1 
ClK 
Cycle Period 
166 
2000 
125 
2000 
100 
200 


T2 
ClK 
low Time at 1.5V 
73 
1000 
55 
1000 
44 
1000 


T3 
ClK 
low 
Time at 0.9V 
42.5 
1000 
42.5 
1000 


T4 
ClK 
High Time at 1.5V 
73 
55 
44 


T5 
ClK 
High Time at 3.6V 
42.5 
42.5 


T6 
ClK 
Rise Time 
15 
15 
12 
Note 1 


T7 
ClK 
Fall Time 
15 
15 
12 
Note 2 


T8 
Data in Setup Time 
20 
20 
15 


T9 
Data in Hold Time 
10 
10 
10 


T10 
Async RDY Active Setup Time 
20 
20 
15 
Note 3 


T11 
Async RDY Inactive Setup Time 
35 
35 
25 
Note 3 


T12 
Async RDY Hold Time 
15 
15 
15 
Note 3 


T13 
Synchronous 
Ready/Active 
Setup 
35 
35 
20 


T14 
Synchronous 
Ready Hold Time 
0 
0 
0 


T15 
HlDA 
Setup Time 
20 
20 
20 
Note 3 


T16 
HlDA 
Hold Time 
10 
10 
5 
Note 3 


T17 
Reset Setup Time 
20 
20 
20 
Note 3 


T18 
Reset Hold Time 
10 
10 
10 
Note 3 


T19 
CA Pulse Width 
1 T1 
1 T1 
1 T1 


T20 
CA Setup Time 
20 
20 
20 
Note 3 


T21 
CA Hold Time 
10 
10 
10 
Note 3 


OUTPUT 
TIMINGS·· 


Symbol 
Parameter 
Mln 
Max 
Min 
Max 
Min 
Max 
Comments 


T22 
DT/R Valid Delay 
0 
60 
0 
60 
0 
44 


T23 
WR, DEN Active Delay 
0 
70 
0 
70 
0 
56 


T24 
WR, DEN Inactive Delay 
10 
65 
10 
65 
10 
45 


T25 
Int. Active Delay 
0 
85 
0 
85 
0 
70 
Note 4 


T26 
Int. Inactive Delay 
0 
85 
0 
85 
0 
70 
Note 4 


T27 
Hold Active Delay 
0 
85 
0 
85 
0 
70 
Note 4 


T28 
Hold Inactive 
Delay 
0 
85 
0 
85 
0 
70 
Note 4 


T29 
Address 
Valid Delay 
0 
55 
0 
55 
0 
50 


T30 
Address 
Float Delay 
0 
50 
0 
50 
12 
50 


T31 
Data Valid Delay 
0 
55 
0 
55 
0 
50 
Note 7 


T32 
Data Hold Time 
0 
0 
0 


T33 
Status Active Delay 
10 
60 
10 
60 
10 
45 
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OUTPUT 
TIMINGS" 
(Continued) 


82582-6 
82586 
82586-10 
Symbol 
Parameter 
(6 MHz) 
(8 MHz) 
(10 MHz) 
Comments 


Min 
Max 
Min 
Max 
Min 
Max 


T34 
Status Inactive Delay 
10 
70 
10 
70 
10 
50 
Note 8 


T35 
ALE Active Delay 
0 
45 
0 
45 
0 
35 
Note 5 


T36 
ALE Inactive Delay 
0 
45 
0 
45 
0 
37 
Note 5 


T37 
ALE Width 
T2-10 
T2-10 
T2-10 
Note 5 


T38 
Address Valid to ALE Low 
T2-40 
T2-30 
T2-25 


T39 
Address 
Hold to ALE Inactive 
T4-10 
T4-10 
T4-10 


T40 
RD Active Delay 
10 
95 
10 
95 
10 
95 


T41 
RD Inactive Delay 
10 
70 
10 
70 
10 
70 


T42 
RD Width 
2T1-50 
2T1-50 
2T1-46 


T43 
Address 
Float to RD Active 
10 
10 
0 


T44 
RD Inactive to Address Active 
T1-40 
T1-40 
T1-34 


T45 
WRWidth 
2T1-40 
2T1-40 
2T1-34 


T46 
Data Hold After WR 
T2-25 
T2-25 
T2-25 


-T47 
Control 
Inactive After Reset 
0 
60 
0 
60 
0 
60 
Note 6 


•All units are in ns. 


"CL 
on all outputs 
is 20-200 
pF unless 
otherwise 
specified. 


NOTES: 
1. 1.0V to 3.5V 
2. 3.5V to 1.0V 
3. To guarantee 
recognition 
at next clock 
4. CL = 50 pF 
5. CL = 100 pF 


6. Affects: 


MIN MODE: 
RD. WR. DT/R. 
DEN 
MAX MODE: 
SO. S1 
7. High 
address 
lines 
(A16-A24. 
SHE) 
become 
valid 
one 
clock 
before 
T1 only on first memory 
cycle 
after the 82586 
acquired 
the bus. 


8. ST. SO go inactive 
just prior to T4. 
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CLK 


T26 
T25 
INT __ 
I-./ 
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Figure 
26. INT Output 
Timing 
Figure 
27. CA Input 
Timing 


ClK 


RESET 


iiii.WR. DEN. DT/A. 


§lI. Si 


231246-29 


Figure 
28. RESET Timing 
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ARDY 
82586 
INPUT 


SRDY 
OR 
READY 


READY SIGNAL 


elK 


T2'r- 
, 


Figure 29. ARDY and SRDY Timings 
Relative 
to ClK 
:t~ 
-~ ~ 
'" 


HOLD 
I 
I 
- 
-T27 
T2I 


HLDA 
I 
I 
~ 
~ 
, 


BHE~ 
_ 
T15 
T' •• 
I- 
Al.... 
I 
DT/ 
0 


CPlr-MASTEA 
I~~ 
8251&-MASTEA 
_ 
t-T30 
231246-31 


".. 
Figure 30. HOlD/HlDA 
Timing Relative 
to ClK 
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T1 
T2 
T4 
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Figure 31. Read Cycle Timing 


n ~v 


VCH 
- 
-- 
r=:---- 
r----. 
r=+-; 
~ 
f\..---...J 
~ 


~ 
T4 
T4 
~~ 
~ 
---=- 
- 


/ 
~ 
~ 
~ 
T34 


T29- 
t::- 


Iml AI6-Al' 
A20-A23 
X 


f-- 


A19/56 
A19 
56 
f-- 
- 
-Tll 
T32- 
l- 
V- 
,- - - 
ALE 
I 


Tl5- 
t- - 
--- 
-T36 
~ 
- 
I-T31 
T32 ....•. - 
ADO-ADI5 
AO-AI5 
DATA OUT 
-~ 
T29- 
i- 
I 
-r39 
i-TlO 
rrur- 
WlI 
T45 
l\ 
- 
i 
T23 
T24- 
r- 
Imii 
T2!...-.:, 
- 
_T24 
1\ 
V 
I 
231246-33 


Figure 32. Write Cycle Timing 


1-33 


intJ 
82586 


SERIAL 
INTERFACE 
A.C. TIMING 
CHARACTERISTICS 


for Manchester: 


f min = 500 kHz ± 100 ppm 


f max = 10 MHz ± 100 ppm 


CLOCK 
SPECIFICATION 
Applies 
for TxC, RxC for NRZ: 


f min = 100 kHz ± 100 ppm 


f max = 10 MHz ± 100 ppm 


for Manchester, 
symmetry 
is needed: 


T51 
T52 = ~ +5% 
, 
21 - 


A.C. CHARACTERISTICS 


TRANSMIT 
AND RECEIVE 
TIMING 
PARAMETER 
SPECIFICATION' 


Symbol 
Parameter 
Mln 
Max 
Comments 


TRANSMIT 
CLOCK PARAMETERS 


T48 
TxCCycle 
100 
1000 
Notes 14, 2 


T48 
TxCCycle 
100 
Notes 14, 3 


T49 
TxC Rise Time 
5 
Note 14 


T50 
TxCFallTime 
5 
Note 14 


T51 
TxC High Time @ 3.0V 
40 
1000 
Note 14 


T52 
TxC Low Time @0.9V 
40 
Notes 14, 4 


TRANSMIT 
DATA PARAMETERS 


T53 
TxD Rise Time 
10 
Notes 5,13 


T54 
TxD Fall Time 
. 
10 
Notes 5,13 


T55 
TxD Transition-Transition 
Min (T51, 
Notes 2, 5 
T52) - 
7 


T56 
TxC Low to TxD Valid 
40 
Notes 3, 5 


T57 
TxC Low to TxD Transition 
30 
Notes 2, 5 


T58 
TxC High to TxD Transition 
30 
Notes 2,5 


T59 
TxC Low to TxD High at the Transmission 
End 
40 
Note 5 


REQUEST 
TO SEND/CLEAR 
TO SEND PARAMETERS 


T60 
TxC Low to RTS Low. Time to Activate 
RTS 
40 
Note 6 


T61 
CTS Valid to TxC Low. CTS Setup Time 
45 


T62 
TxC Low to CTS Invalid. CTS Hold Time 
20 
Note 7 


T63 
TxC Low to RTS High, time to Deactivate 
RTS 
40 
Note 6 


RECEIVE 
CLOCK PARAMETERS 


T64 
RxC Clock Cycle 
100 
Notes 15, 3 


T65 
RxC Rise Time 
5 
Note 15 


T66 
RxCFallTime 
5 
Note 15 


T67 
RxC High Time @ 2.7V 
36 
1000 
Note 15 


T68 
RxC Low Time @0.9V 
40 
Note 15 


•All Units are In ns. 
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A.C. CHARACTERISTICS 
(Continued) 


TRANSMIT 
AND RECEIVE 
TIMING 
PARAMETER 
SPECIFICATION' 
(Continued) 


Symbol 
Parameter 
Min 
Max 
Comments 


RECEIVE 
DATA PARAMETERS 


T69 
RxO Setup Time 
30 
, Note 1 . 


T70 
RxO Hold Time 
30 
Note 1 


T71 
RxO Rise Time 
10 
Note 1 


T72 
RxO Fall Time 
10 
Note 1 


CARRIER 
SENSE/COLLISION 
DETECT 
PARAMETERS 


T73 
COT Valid to TxC High Ext. Collision 


I 


30 
Note 12 
Detect Setup Time 


T74 
TxC High to COT Inactive. COT Hold Time 
, 
" 
20 
Note 12 


T75 
COT Low to Jamming 
Start 
I 
Note 8 


T76 
CRS Valid to TxC High Ext. Carrier Sense Setup Time 
30 
Notetz 


T77 
TxC High to CRS Inactive. CRS Hold Time 
20 
Note 12 


T78 
CRS Low to Jamming 
Start 
Note 9 


T79 
Jamming 
Period 
• 
Note 10 


T80 
CRS Inactive Setup Time to RxC High 
60 
End of Receive 
Frame 


T81 
CRS Active Hold Time from RxC High 
" 
3 


INTER FRAME SPACING 
PARAMETER 
. 


T82 
Inter Frame Delay 
Note 11 


*All Units are In ns. 


NOTES: 
1. TTL levels 
2. Manchester 
only 
3. NRZ only 
4. Manchester 
requires 
50% duty cycle 
5. 1 TTL load + 50 pF 
6.1 
TTL load + 100 pF 
7. Abnormal 
end of transmission. 
CTS expires 
before 
RTS 
8. Programmable 
value: 
T75 
= NCDF x T48 + (12.5 to 23.5) x T48 if collision 
occurs 
after preamble 
NCDF- 
The collision 
detection 
filter configuration 
value 
9. Programmable 
value: 


T78 
= NCSF x T48 + (12.5 to 23.5) x T48 
NCSF- 
The carrier 
sense 
filter configuration 
value 
TBD is a function 
of internal! 
external 
carrier 
sense 
bit 
10. T79 = 32 X T48 
11. Programmable 
value: 


T82 
= NIFS x T48 
NIFS-the 
IFS configuration 
value 
*12. To guarantee 
recognition 
on the next clock 
13. Applies 
to TTL levels 


14. 82C501 
compatible 
levels, 
see Figure 34 
15. 82C501 
compatible 
levels, 
see Figure 35 
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A.C. TIMING 
CHARACTERISTICS 


Input 
and Output 
Waveforms 
for 
AC Tests 


O~1.5 
--TEaT 
POINTS 
--1.1 x:== 


231246-34 
AC testing 
inputs 
are driven 
at 2.4V for a Logic 
1 and 0.45 for a Logic 
O. Timing 
measurements 
are made 
at 1.5V for both 
a Logic 
1 and O. 


Figure 33. TTL Input/Output 
Voltage Levels for Timing Measurements 
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Figure 34. TxC Input Voltage Levels for Timing Measurements 
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Figure 35. RxC Input Voltage Levels for Timing Measurements 
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Figure 36. Transmit 
and Control 
and Data Timing 


R.O 
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Figure 37. RxD Timing Relative 
to RxC 
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Figure 38. CRS Timing Relative 
to RxC 
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82596CA 
HIGH-PERFORMANCE 
32-BIT LOCAL 
AREA NETWORK COPROCESSOR 
• Performs Complete CSMA/CD Medium 
• Optimized CPU Interface 
Access Control (MAC) Functions- 
- 
Optimized Bus Interface to Intel's 
Independently 
of CPU 
i486TMand 80960CA Processors 
-IEEE 
802.3 (EOC) Frame Delimiting 
- 
Supports Big Endian and Little 
- 
HDLC Frame Delimiting 
Endian Byte Ordering 
• Supports Industry Standard LANs 
• 32-Bit Bus Master Interface 
-IEEE 
TYPE 10BASE5 (Ethernet*), 
-106 
MB/s Bus Bandwidth 
IEEE TYPE 10BASE2 (Cheapernet), 
- 
Burst Bus Transfers 
IEEE TYPE 1BASE5 (StarLAN), 
- 
Bus Throttle Timers 
and the Proposed Standards 
- 
Transfers Data at 100% of Serial 
TYPE 10BASE-T and 10BASE-F 
Bandwidth 
- 
Proprietary 
CSMA/CD Networks Up 
-128-Byte 
Receive FIFO, 64-Byte 
to 20 Mb/s 
Transmit FIFO 
• On-Chip Memory Management 
• Self-Test Diagnostics 
- 
Automatic 
Buffer Chaining 
• Configurable 
Initialization 
Root for Data 
- 
Buffer Reclamation after Receipt of 
Structures 
Bad Frames; Optional Save Bad 
Frames 
• High-Speed, 5V, CHMOS** IV 
- 
32-Bit Segmented or Linear (Flat) 
Technology 
Memory Addressing 
Formats 
• 132-Pin Plastic Quad Flat Pack (PQFP) 
• Network Management and Diagnostics 
and PGA Package 
- 
Monitor Mode 
(See Packaging Spec Order No. 231369) 
- 
32-Bit Statistical Counters 
i486 is a trademark of Intel Corporation. 
• 82586 Software Compatible 
'Ethernet is a registered trademark of Xerox Corporation. 
"CHMOS 
is a patented process of Intel Corporation. 
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es is optimized for Intel's i486™, 80960CA, and 
80960KB processors. 


The 82596CA implements all IEEE 802.3 Medium 
Access Control and channel interface functions, 
these include framing, preamble generation and 
stripping, source address generation, destination ad- 
dress checking, short-frame detection, and automat- 
ic length-field handling. Data rates up to 20 Mb/s are 
supported. 


The 82596CA provides a powerful host system inter- 
face. It manages memory structures automatically, 
with command chaining and bidirectional data chain- 
ing. An on-chip DMA controller manages four chan- 
nels, this allows autonomous transfer of data blocks 
(buffers and frames) and relieves the CPU of byte 
transfer overhead. Buffers containing errored or col- 
lided frames can be automatically recovered without 
CPU intervention. The 82596CA provides an up- 
grade path for existing 82586 software drivers by 
providing an 82586-software-compatible mode that 
supports the current 82586 memory structure. The 
82586CA also has a Flexible memory structure and 
a Simplified memory structure. The 82596CA can 
address up to 4 gigabytes of memory. The 82596CA 
supports Little Endian and Big Endian byte ordering. 


The 82596CA bus interface can achieve a burst 
transfer rate of 106 MB/s at 33 MHz. The bus inter- 


\,....- 
....------ 
...---,. -r~·-··-·--r--·- 
- 
- 
_._-- 


collided frames, and time domain reflectometry for 
locating fault points on the network cable. The sta- 
tistical counters, in 32-bit segmented and linear 
modes, are 32-bits each and include CRC errors, 
alignment errors, overrun errors, resource errors, 
short frames, and received collisions. The 82596CA 
also features a monitor mode for network analysis. 
In this mode the 82596CA can capture status bytes, 
and update statistical counters, of frames monitored 
on the link without transferring the contents of the 
frames to memory. This can be done concurrently 
while transmitting and receiving frames destined for 
that station. 


The 82596CA can be used in both baseband and 
broadband networks. It can be configured for maxi- 
mum network efficiency (minimum contention over- 
head) with networks of any length. Its highly flexible 
CSMAlCD unit supports address field lengths of 
zero through six bytes=conflqurable 
to either IEEE 
802.3/Ethernet or HDLC frame delimitation. It also 
supports 16- or 32-bit cyclic redundancy checks. 
The CRC can be transferred directly to memory for 
receive operations, or dynamically inserted for trans- 
mit operations. The CSMAlCD unit can also be con- 
figured for full duplex operation for high throughput 
in point-to-point connections. 


The 82596CA is fabricated with Intel's reliable, 5-V, 
CHMOS IV technology. It is available in a 132-pin 
PQFP or PGA package. 
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Figure 2. 82596CA 
PQFP Pin Configuration 


1-41 


inter 
82596CA 


A 
B 
C 
G 
H 
K 
H 
/ 
01 
0 


015 
013 


02 
o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


06 
o 


09 
o 


014 


o 
o 
o 
o 
o 
o 
o 
o 
o 


o 
o 
o 
o 


o 


OPO 
PORT 
BLAST 
HOLD 
o 


OP3 
o 


018 
012 


03 
o 


017 
o 


019 
o 


023 
o 
025 
o 
028 
o 


030 
o 
RTS 
o 


CTS 


o 


05 
04 
o 
o 


o 
A16 
o 
TxC 
o 


14 
0 
0 
0 
0 


CRS 
lE/BE 
A31 
A27 


020 
016 


04 
o 


o 
o 
o 
o 


DO 
o 
o 


o 
A19 
o 
A22 


o 


OPl 
READY 
INT 


o 
A12 
o 


o 


o 


o 


lOCK 
W /R 
BREQ 
o 


ADS 
AHOlO 
BEl 
o 


HlOA 
sorr 
Vss 
o 


o 


o 


A3 
o 
A4 
o 


A8 
o 
Al0 
o 
A14 
A13 
o 
0 
A20 
A17 


o 


o 


o 


o 


o 


o 


A2 
o 


o 


A6 
o 
A9 
o 


o 


o 


o 


CA 
o 


o 


o 


o 


o 


o 


BE3 
o 


o 


A5 
o 
A7 
o 
All 
o 
A15 


022 
021 


05 
o 


B 
C 


08 
02 


01 
ClK 


H 
P 


290218-3 


026 
024 


06 
o 


Vcc 
o 
o 
o 


07 
o 


03 


(82596CA 
Pin View) 


01 


02 


03 


04 


05 


06 


07 


08 


09 


10 


11 


12 


13 


14 


Yss 
Ycc 


07 
o 


08 
o 


Vss 
027 


09 
o 


029 
031 


10 
o 


11 
o 


TxD 
RxC 


12 
o 
lPBK 
RxO 


13 
o 
COT 
RESET 
V CC 


A 


011 
010 


METAL LID 


o 
o 
o 
o 
o 
A21 
A30 
A28 
A25 
A23 
o 
A29 
o 
o 
o 


A26 
Vcc 
000 


Vss 
A24 
Yss 


G 


o 
A18 
o 
o 


o 
o 


H 
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82596CA 
PGA Cross Reference 
by Pin Name 


Address 
Data 
Control 
Serial 
Vcc 
Vss 
Interface 


Signal 
Pin No. 
Signal 
Pin No. 
Signal 
Pin No. 
Signal 
Pin No. 
Pin No. 
Pin No. 


A2 
N9 
DO 
J2 
ADS 
MS 
COT 
A13 
B6 
A6 
A3 
M9 
01 
H3 
AHOLO 
N5 
CRS 
A14 
B7 
A7 
A4 
M10 
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G2 
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PIN DESCRIPTIONS 


Symbol 
PQFP 
Type 
Name and Function 
Pin No. 


CLK 
9 
I 
CLOCK. The system clock input provides the fundamental 
timing for 
the 82596. It is a 1X CLK input used to generate 
the 82596 clock and 
requires TTL levels. All external timing parameters 
are specified 
in 
reference 
to the rising edge of CLK. 


00-031 
14-53 
I/O 
DATA BUS. The 32 Oata Bus lines are bidirectional, 
tri-state 
lines that 


provide the general purpose data path between 
the 82596 and 
memory. With the 82596 the bus can be either 16 or 32 bits wide; this 
is determined 
by the BS 16 signal. The 82596 always drives all 32 data 
lines during Write operations, 
even with a 16-bit bus. 031 - 00 are 
floated 
after a Reset or when the bus is not acquired. 


These lines are inputs during a CPU Port access; in this mode the CPU 
writes the next address to the 82596 through the data lines. Ouring 
PORT commands 
(Relocatable 
SCP, Self-Test, 
Reset and Oump) the 
address 
must be aligned to a 16-byte boundary. 
This frees the 03-00 
lines so they can be used to distinguish 
the commands. 
The following 
is a summary of the decoding 
data. 


DO 
D1 
D2 
D3 
D31-D4 
Function 


0 
0 
0 
0 
0000 
Reset 
0 
1 
0 
0 
AOOR 
Relocatable 
SCP 
1 
0 
0 
0 
AOOR 
Self-Test 
1 
1 
0 
0 
AOOR 
Oump Command 


OPO-OP3 
4-7 
I/O 
DATA PARITY. These are tri-stated 
data parity pins. There is one 
parity line for each byte of the data bus. The 82596 drives them with 
even-parity 
information 
during write operations 
having the same timing 
as data writes. Likewise, even-parity 
information, 
with the same timing 
as read information, 
must be driven back to the 82596 over these pins 
to ensure that the correct 
parity check status is indicated 
by the 
82596. 


PCHK 
127 
0 
PARITY 
CHECK. This pin is driven high one clock after ROY to inform 
Read operations 
of the parity status of data sampled 
at the end of the 
previous clock cycle. When driven low it indicates 
that incorrect 
parity 
data has been sampled. 
It only checks the parity status of enabled 
bytes, which are indicated 
by the Byte Enable and Bus Size signals. 


PCHK is only valid for one clock time after data read is returned to the 
82596; i.e., it is inactive (high) at all other times. 


A31-A2 
7008 
0 
ADDRESS 
LINES. These 30 tri-stated 
Address 
lines output the 
address bits required for memory operation. 
These lines are floated 
after a Reset or when the bus is not acquired. 


BE3-BEO 
109-114 
0 
BYTE ENABLE. These tri-stated 
signals are used to indicate which 
bytes are involved with the current memory access. The number of 
Byte Enable signals asserted 
indicates 
the physical size of the data 
being transferred 
(1, 2, 3, or 4 bytes). 
• BEO indicates 
07-00 
• BE1 indicates 
015-08 
• BE2 indicates 
023-016 
• BE3 indicates 
031-024 
These lines are floated 
after a Reset or when the bus is not acquired. 


W/R 
120 
0 
WRITE/READ. 
This dual function 
pin is used to distinguish 
Write and 
Read cycles. This line is floated 
after a Reset or when the bus is not 


, 
acquired. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
PQFP 
Type 
Name and Function 
Pin No. 


ADS 
124 
0 
ADDRESS 
STATUS. 
The 82596 uses this tri-state 
pin to indicate to 
indicate that a valid bus cycle has begun and that A31-A2, 
BE3-BEO, 
and W/f5. are being driven. It is asserted 
during t1 bus states. This line 
is floated 
after a.Reset or when the bus is not acquired. 


RDY 
130 
I 
READY. Active low. This signal is the acknowledgment 
from 
addressed 
memory that the transfer 
cycle can be completed. 
When 
high, it causes wait states to be inserted. 
It is ignored at the end of the 
first clock of the bus cycle's 
data cycle. This active-Iow 
signal does not 


.have an internal pull-up resistor. This signal must meet the setup and 
hold times to operate correctly. 


BRDY 
2 
I 
BURST READY. Active low. Burst Ready, like RDY, indicates 
that the 
external system has .presented valid data on the data pins in response 
to a Read, or that the external 
system has accepted 
the 82596 data in 
. 
response 
to a Write request. Also, like RDY, this signal is ignored at 
the end of the first clock in a bus cycle. If the 82596 can still receive 
data from the previous 
cycle, ADS will not be asserted 
in the next 
clock cycle; however, 
Address 
and Byte Enable will Change to reflect 
the next data item expected 
by the 82596. BRDY will be sampled 
during each succeeding 
clock and if active, the data on the pins will be 
strobed to the 82596 or to external 
memory (read/write). 
BRDY 


. operates 
exactly like READY during the last data cycle of a burst 
sequence 
and during nonburstable 
cycles. 


BLAST 
128 
0 
BURST LAST. A signal (active low) on this tri-state 
pin indicates 
that 
the burst cycle is finished 
and when BRDY is next returned 
it will be 
, 
treated as a normal ready; i.e., another set of addresses 
will be driven 
with ADS or the bus will go idle. BLAST is not asserted 
if the bus is not 
acquired. 


AHOLD 
117 
I 
ADDRESS 
HOLD. This hold signal is active high, it allows another 
bus 
master to access the 82596 address bus. In a system where an 82596 
and an i486 processor 
share the local bus, AHOLD allows the cache 
controller 
to make a cache invalidation 
cycle while the 82596 holds the 
address lines. In response 
to a signal on this pin, the 82596 
immediately 
(Le. during the next clock) stops driving the entire address 
bus (A31-A2); 
the rest of the bus can remain active. For example, 
data can be returned 
for a previously 
specified 
bus cycle during 
Address 
Hold. The 82596 will not begin another 
bus cycle while 
AHOLD is active. 


BOFF 
116 
I 
BACKOFF. 
This signal is active low, it informs the 82596 that another 
bus master requires access to the bus before the 82596 bus cycle 
completes. 
The 82596 immediately 
(Le. during the next clock) floats its 
bus. Any data returned 
to the 82596 while BOFF is asserted 
is ignored. 
BOFF has higher priority than RDY or BRDY; if two such signals are 
returned 
in the same clock period, BOFF is given preference. 
The 
82596 remains in Hold until BOFF goes high, then the 82596 resumes 
its bus cycle by driving out the address and status, and asserting 
ADS. 


LOCK 
126 
0 
LOCK. This tri-state 
pin is used to distinguish 
locked and unlocked 
bus 
cycles. LOCK generates 
a semaphore 
handshake 
to the CPU. LOCK 
can be active for several memory cycles, it goes active during the first 
locked memory cycle (t1) and goes inactive at the last locked cycle 
(t2). This line is floated 
after a Reset or when the bus is not acquired. 
LOCK can be disabled 
via the sysbus byte in software. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
PQFP 
Type 
Name and Function 
Pin No. 


BS16 
129 
I 
BUS SIZE. This signal allows the 82596CA 
to work with either 16- or 
32-bit bytes. Inserting 
BS16 low causes the 82596 to perform 
two 16- 


bit memory accesses 
when transferring 
32-bit data. In little endian 
mode the D15-DO 
lines are driven when BS16 is inserted, 
in Big 
Endian mode the D31-D16 
lines are driven. 


HOLD 
123 
0 
HOLD. The HOLD signal is active high, the 82596 uses it to request 
local bus mastership. 
In normal operation 
HOLD goes inactive 
before 
HLDA. The 82596 can be forced off the bus by deasserting 
HLDA or if 


the bus throttle timers expire. 


HLDA 
118 
I 
HOLD ACKNOWLEDGE. 
The HLDA signal is active high, it indicates 
that bus mastership 
has been given to the 82596. HLDA is internally 
I' 
synchronized; 
after HOLD is detected 
low, the CPU drives HLDA low. 


NOTE 
Do not connect 
HLOA to Vcc-it 
will cause a deadlock. 
A user wanting 
to give the 82596 permanent 
access to the bus should connect 
HLDA 
to HOLD. If HLDA goes inactive before HOLD, the 82596 will release 
the bus (by deasserting 
HOLD) within a maximum of within a specified 


number of bus cycles as specified 
in the 82596 User's Manual. 


BREQ 
115 
I 
BUS REQUEST. 
This signal, when configured 
to an externally 
activated 
mode, is used to trigger the bus throttle 
timers. 


PORT 
3 
I 
PORT. When this signal is received, 
the 82596 latches the data on the 
data bus into an internal 32-bit register. When the CPU is asserting 
this 
signal it can write into the 82596 (via the data bus). This pin must be 
activated 
twice during all CPU Port access commands. 


RESET 
69 
I 
RESET. This active high, internally 
synchronized 
signal causes the 
82596 to terminate 
current activity. The signal must be high for at least 
five system clock cycles. After five system clock cycles and four TxC 
clock cycles the 82596 will execute 
a Reset when it receives 
a high 
RESET signal. When RESET returns to low the 82596 waits for the 
first CA signal and then begins the initialization 
sequence. 


LE/BE 
65 
I 
LITTLE ENDIAN/BIG 
ENDIAN. This dual-function 
pin is used to 
select byte ordering. When LE/BE 
is high, little endian byte ordering 
is 
used; when low, big endian byte ordering 
is used for data in frames 
(bytes) and for control 
(SCB, RFD, CBL, etc). 


CA 
119 
I 
CHANNEL 
ATTENTION. 
The CPU uses this pin to force the 82596 to 
begin executing 
memory resident Command 
blocks. The CA signal is 
. 
internally 
synchronized. 
The signal must be high for at least one 
system clock. It is latched internally 
on the high to low edge and then 
detected 
by the 82596. 


The first CA after a Reset forces the 82596 into the initialization 
, 
sequence 
beginning 
at location 
00FFFFF6h 
or an SCP address written 


to the 82596 using CPU Port access. All subsequent 
CA signals cause 


the 82596 to begin executing 
new command 
sequences 
from the SCB. 


INT/INT 
125 
0 
INTERRUPT. 
A high signal on this pin notifies the CPU that the 82596 
is requesting 
an interrupt. This signal is an edge triggered 
interrupt 
signal, and can be configured 
to be active high or low. 


, 
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PIN DESCRIPTIONS 
(Continued) 
~ 
. 


Symbol 
PQFP 
Type 
Name and Function 
Pin No. 


Vcc 
18 Pins 
POWER. 
+5V 
±10%. 


Vss 
18 Pins 
GROUND.OV. 


TxO 
54 
0 
TRANSMIT 
DATA. This pin transmits 
data to the serial link. It is high 
when not transmitting. 


TxC 
64 
I 
TRANSMIT 
CLOCK. This signal provides the fundamental 
timing for 
the serial subsystem. 
The clock is also used to transmit 
data 
synchronously 
on the TxO pin. For NRZ encoding, 
data is transferred 
to the TxO pin on the high to low clock transition. 
For Manchester 
encoding, 
the transmitted 
bit center is aligned with the low to high 
transition. 
Transmit 
clock must always be running for proper device 
operation. 


LPBK 
58 
0 
LOOPBACK. 
This TTL-IElvel control 
signal enables the loop back 
mode. In this mode serial data on the TxO input is routed through the 
82C501 internal circuits and back to the RxO output without 
driving the 
transceiver 
cable. To enable this signal, both internal and external 
loopback 
need to be set with the Configure 
command. 


RxO 
60 
I 
RECEIVE 
DATA. This pin receives 
NRZ serial data only. It must be 
high when not receiving. 


RxC 
59 
I 
RECEIVE 
CLOCK. This signal provides 
timing information 
to the 
internal shifting logic. For NRZ data the state of the RxO pin is 
sampled 
on the high to low transition 
of the clock. 


RTS 
57 
0 
REQUEST 
TO SEND. When this signal is low the 82596 informs the 
external interface 
that it has data to transmit. 
It is forced high after a 
Reset or when transmission 
is stopped. 


CTS 
62 
I 
CLEAR TO SEND. An active-Iow 
signal that enables the 82596 to 
send data. It is normally used as an interface 
handshake 
to RTS. 
Asserting 
CTS high stops transmission. 
CTS is internally 
synchronized. 


If CTS goes inactive, 
meeting the setup time to the TxC negative 
edge, 
the transmission 
will stop and RTS will go inactive within, at most, two 
TxC cycles. 


CRS 
63 
I 
CARRIER 
SENSE. This signal is active low, it is used to 'notify the 
82596 that traffic is on the serial link. It is only used if the 82596 is 
configured 
for external 
Carrier Sense. In this configuration 
external 
circuitry 
is required for detecting 
traffic on the serial link. CRS is 
internally 
synchronized. 
To be accepted, 
the signal must remain active 
for at least two serial clock cycles (for CRSF =0) .: 


COT 
61 
I 
COLLISION 
DETECT. This active-Iow 
signal informs the 82596 that a 
collision 
has occurred. 
It is only used if the 82596 is configured 
for 
external 
Collision 
Detect. 
External circuitry is required for collision 
detection. 
COT is internally 
synchronized. 
To be accepted, 
the signal 
must remain active for at least two serial clock cycles (for COTF = 0). 
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82596 AND HOST CPU INTERACTION 
82596 BUS INTERFACE 


The 82596CA and the host CPU communicate 
through shared memory. Because of its on-chip 
DMA capability, the 82596 can make data block 
transfers (buffers and frames) independently of the 
CPU; this greatly reduces the CPU byte transfer 
overhead. 


The 82596 is a multitasking eoprocessor that com- 
prises two independent logical units-the 
Command 
Unit (CU) and the Receive Unit (RU). The CU exe- 
cutes commands from shared memory. The RU han- 
dles all activities related to frame reception. The in- 
dependence of the CU and RU enables the 82596 to 
engage in both activities simultaneously-the 
CU 
can fetch and execute commands from memory 
while the RU is storing received frames in memory. 
The CPU is only involved with this process after the 
CU has executed a sequence of commands or the 
RU has finished storing a sequence of frames. 


The CPU and the 82596 use the hardware signals 
Interrupt (1Nl) and Channel Attention (CA) to initiate 
communication 
with 
the 
System 
Control 
Block 
(SCB),see Figure 4. The 82596 uses INT to alert the 
CPU of a change in the contents of the SCB, the 
CPU uses CA to alert the 82596. 


The 82596 has a CPU Port Access state that allows 
the CPU to execute certain functions without ac- 
cessing memory. The 82596 PORT pin and data bus 
pins are used to enable this feature. The CPU can 
directly activate four operations when the 82596 is in 
this state. 
• Write an alternative System Configuration Pointer 
(SCP).This can be used when the 82596 cannot 
use the default SCP address space. 


• Write a different Dump Command Pointer and ex- 
ecute Dump. This can be used for troubleshoot- 
ing No Response problems. 
• The CPU can reset the 82596 via software with- 
out disturbing the rest of the system. 


• A self-test can be used for board testing; the 
82596 will execute a self-test and write the re- 
sults to memory. 


The 82596CA has bus interface timings and pin defi- 
nitions that are compatible with Intel's 32-bit i486 
microprocessor. This eliminates the need for addi- 
tional bus interface logic. Operating at 33 MHz, the 
82596's bus bandwidth can be as high as 106 MB/s. 
Since Ethernet only requires 1.25 MB/s, this leaves 
a considerable amount of bandwidth for the CPU. 
The 82596 also has a bus throttle to regulate its use 
of the bus. Two timers can be programmed through 
the SCB: one controls the maximum time the 82596 
can remain on the bus, the other controls the time 
the 82596 must stay off the bus (see Figure 5). The 
bus throttle can be programmed to trigger internally 
with HLDA or externally with BREQ. These timers 
can restrict the 82596 HOLD activation time and im- 
prove bus utilization. 


82596 MEMORY 
ADDRESSING 


The 82596 has a 32-bit memory address range, 
which allows addressing up to four gigabytes of 
memory. The 82596 has three memory addressing 
modes (see Table 1). 
• 82586 Mode. The 82596 has a 24-bit memory 
address range. The System Control Block, Com- 
mand List, Receive Descriptor List, and Buffer 
Descriptors must reside in one 64-KB memory 
segment. Transmit and Receive buffers can re- 
side in a 24-bit address space. 
• 32·Blt Segmented Mode. The 82596 has a 32- 
bit memory address range. The System Control 
BlOCk,Command List, Receive Descriptor List, 
and Buffer Descriptors must reside in one 64-KB 
memory segment. Transmit and Receive buffers 
can reside in a 32-bit address space. 


• Linear Mode. The 82596 has a 32-bit memory 
address range. Any memory structure can reside 
anywhere within 
the 
32-bit memory address 
range. 
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Table 
1.82596 
Memory 
Addressing 
Formats 


Operation 
Mode 


Pointer 
or Offset 
82586 
32-Blt 
Linear 
Segmented 


ISCP Address 
24-Bit Linear 
32-Bit Linear 
32-Bit Linear 


SCB Address 
Base (24) + Offset (16) 
Base (32) + Offset(16) 
32-Bit Linear 


Command 
Block Pointers 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Rx Frame Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Tx Frame Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Rx Buffer Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Tx Buffer Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Rx Buffers 
24-Bit Linear 
32-Bit Linear 
32-Bit Linear 


Tx Buffers 
24-Bit Linear 
32-Bit Linear 
32-Bit Linear 


1. 
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Figure 6. 82596 Shared Memory 
Structure 


82596 SYSTEM 
MEMORY 
STRUCTURE 


The Shared Memory structure consists of four parts: 
the Initialization Root, the System Control Block, the 
Command List, and the Receive Frame Area (see 
Figure 6). 


The Initialization Root is in an established location 
known to the host CPU and the 82596 (00FFFFF6h). 
However, the CPU can establish the Initialization 
Root in another location by using the CPU Port ac- 
cess. This root is accessed during initialization, and 
points to the System Control Block. 


The System Control Block serves as a bidirectional 
mail drop for the host CPU and the 82596 CU and 
RU. It is the central point through which the CPU and 
the 82596 exchange control and status information. 
The SCB has two areas. The first contains instruc- 
tions from the CPU to the 82596. These include: 
control of the CU and RU (Start, Abort, Suspend, 
and Resume), a pointer to the list of CU commands, 
a pointer to the Receive Frame Area, a set of Inter- 
rupt Acknowledge bits, and the T-ON and T-OFF 
timers for the bus throttle. The second area contains 
status information the 82596 is sending to the CPU. 
Such as, the CU and RU states 
(Idle, Active 
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Ready, Suspended, No Receive Resources, etc.), in- 
terrupt bits (Command Completed, Frame Received, 
CU Not Ready, and RU Not Ready), and statistical 
counters. 


The Command List functions as a program for the 
CU; individual commands are placed in memory 
units called Command Blocks (CBs). These CBs 
contain the parameters and status of specific high- 
level commands called Action Commands; e.g., 
Transmit or Configure. 


Transmit causes the 82596 to transmit a frame. The 
Transmit CB contains the destination address, the 
length field, and a pointer to a list of linked buffers 
holding the frame that is to be constructed from sev- 
eral buffers 
scattered 
throughout 
memory. The 
Command Unit operates without CPU intervention; 
the DMA for each buffer, and the prefetching of ref- 
erences to new buffers, is'performed in parallel. The 
CPU is notified only after a transmission is complete. 


The Receive Frame Area is a list of Free Frame De- 
scriptors (descriptors not yet used) and a list of user- 
prepared buffers. Frames arrive at the 82596 unso- 
licited; the 82596 must always be ready to receive 
and store them in the Free Frame Area. The Re- 
ceive Unit fills the buffers when it receives frames, 
and reformats the Free Buffer List into received- 
frame structures. The.frame structure is, for all prac- 
tical purposes, identical to the format of the frame to 
be transmitted. The first Frame descriptor is refer- 
enced by the SCB. Unless the 82596 is configured 
to Save Bad Frames, the frame descriptor, and the 
associated buffer descriptor, which is wasted when 
a bad frame is received, are automatically reclaimed 
and returned to the Free Buffer List. 


Receive buffer chaining (storing incoming frames in 
a linked buffer list) significantly improves memory 
utilization. Without buffer chaining, the user must al- 
locate consecutive blocks of memory, each capable 
of containing a maximum frame (for Ethernet, 1518 
bytes). Since an average frame is about 200 bytes, 
this is very inefficient. With buffer chaining, the user 
can allocate small buffers and the 82596 will only 
use those that are needed. 


Figure 7 A-D 
illustrates how the 82596 uses the 
Receive Frame Area. Figure 7A shows an unused 
Receive Frame Area composed of Free Frame De- 
scriptors and Free Receive Buffers prepared by the 
user. The SCB points to the first Frame Descriptor of 
the Frame Descriptor List. Figure 7B shows the 
same Receive Frame Area after receiving one 
frame. This first frame occupies two Receive Buffers 
and one Frame Descriptor-a 
valid received frame 
will only occupy one Frame Descriptor. After receiv- 


ing this frame the 82596 sets the next Free Frame 
Descriptor RBD pointer to the next Free RBD. Figure 
7C shows the RFA after receiving a second frame. 
In this example the second frame occupies only one 
Receive Buffer and one RFD. The 82596 again sets 
the RBD pointer. This process is repeated again in 
Figure 7D, showing the reception of another frame 
using one Receive Buffer; in this example there is an 
extra Frame Descriptor. 


TRANSMIT 
AND RECEIVE 
MEMORY 
STRUCTURES 


There are three memory structures for reception and 
transmission. The 82586 memory structure, the 
Flexible memory structure, and the Simplified memo- 
ry structure. The 82586 mode is selected by config- 
uring the 82596 during initialization. In this mode all 
the 82596 memory structures are compatible with 
the 82586 memory structures. 


When the 82596 is not configured to the 82586 
mode, the other two memory structures, Simplified 
and Flexible, are available for transmitting and re- 
ceiving. These structures can be selected on a 
frame-by-frame basis by setting the S/F 
bit in the 
Transmit Command and the Receive Frame De- 
scriptor (see Figures 29, 30, 41, and 42). The Simpli- 
fied memory structure offers a simple structure for 
ease of programming (see Figure 8). All information 
about a frame is contained in one structure; for ex- 
ample, during reception the RFD and data field are 
contained in one structure. 


The Flexible memory structure (see Figure 9) has a 
control field 'that allows the programmer to specify 
the amount of receive data the RFD will contain for 
receive.operations and the amount of transmit data 
the Transmit Command Block will contain for trans- 
mit operations. For example, when the control field 
in the RFD is set to 20 bytes during a reception, the 
first 20 bytes of the data field are stored in the RFD 
(6 bytes of destination address, 6 bytes of source 
address, 2 bytes of length field, and 6 bytes of data) 
and the remainder of the data field is stored in the 
Receive Data Buffers. This is useful for capturing 
frame headers when header information is con- 
tained in the data field. The header information can 
then be automatically stored in the RFD partitioned 
from the Receive Data Buffer. 


The control field can also be used for the Transmit 
Command when the Flexible memory structure is 
used. The quantity of data field bytes to be transmit- 
ted from the Transmit Command Block is specified 
by the variable control field. 
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Figure 9. Flexible Memory 
Structure 
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pomter to ouner area In memory comammq me uaia 
,portion of the frame, The data field is contained in a 
memory data structure consisting of a buffer de- 
scriptor (BD) and a data buffer-or 
a linked list of 
buffer descriptors and buffers-as 
shown in Figure 
11. 


Multiple data buffers can be chained together using 
the BOs. Thus, a frame with a long data field can be 
transmitted 
using several (shorter) data buffers 
chained together. This chaining technique allows the 
system designer to develop efficient buffer manage- 
ment. 


Tbe 82596 automatically generates the preamble 
(alternating 1s and Os) and start frame delimiter, 
fetches the destination address and length field from 
the Transmit command, inserts its unique address 
as the source address, fetches the data field speci- 
fied by the Transmit command, and computes and 
appends the CRC to the end of the frame (see Fig- 
ure 12). In the Linear and 32-bit Segmented mode 
the CRC can be optionally inserted on a frame-by- 
frame basis by setting the NC bit in the Transmit 
Command Block (see Figures 29 and 30). 


The 82596 can be configured to generate two types 
of start and end frame delimiters-End 
of Carrier 
(EOG)or HOLC. In EOC mode the start frame delimi- 
ter is 10101011 and the end frame delimiter is indi- 


Ilalllv~ 
""all 
IJO >:)0111.uy 
11I1"tll~ 
"'10 
a...,...,lvtJIIQLv 
IIUIII- 


ber of Transmit commands together. This is particu- 
larly useful when transmitting a message larger than 
the maximum frame size (1518 bytes for Ethernet). 


CONTROL I COMMAND STATUS 
FIELDS I 
COMMAND 


(POINTER ~~KN~~ETL~OMMAND)• I- 


PARAMETER FIELD 
(COM~ANo-SPECIFIC 
PA~AMETERS) 


NEXT 
CO~~AND 
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Figure 10. Action Command 
Format 


TRANSMIT BD 


ACTUAL COUNT 


LINK FIELD 
• r 
NEXT BUFFER DE 


DB ADDRESS. 
~ 
(24 
BITS) 
DATA 
BUFFER 
(DB) 


SCRIPTOR 
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Figure 11. Data Buffer Descriptor 
and 
Data Buffer Structure 


i 


START 
DESTINATION 
SOURCE 
LENGTH 
DATA 
FRAME 
END 


PREAMBLE 
FRAME 
ADDRESS 
ADDRESS 
FIELD 
FIELD 
CHECK 
FRAME 


DELlMITER 
SEQUENCE 
DELlMITER 


Figure 12. Frame Format 
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RECEIVING 
FRAMES 


82596CA 


To reduce CPU overhead, the 82596 is designed to 
receive frames without CPU supervision. The host 
CPU first sets aside an adequate receive buffer 
space and then enables the 82596 
Receive Unit. 


Once enabled, the RU watches for arriving frames 
and automatically stores them in the Receive Frame 
Area (RFA). The RFA contains Receive Frame De- 
scriptors, Receive Buffer Descriptors, and Data Buff- 
ers (see Figure 13). The individual Receive Frame 
Descriptors make up a Receive Descriptor List 
(RDL) used by the 82596 
to store the destination 
and source addresses, the length field, and the 
status of each frame received (see Figure 14). 


Once enabled, the 
82596 
checks each passing 
frame for an address match. The 82596 will recog- 
nize its own unique address, one or more multicast 
addresses, or the broadcast address. If a match is 
found the 82596 stores the destination and source 
addresses and the length field in the next available 
RFD. It then begins filling the next available Data 
Buffer on the FBL, which is pointed to by the current 
RFD, with the data portion of the incoming frame. As 
one Data Buffer is filled, the 82596 
automatically 
fetches the next DB on the FBL until the entire frame 
is received. This buffer chaining technique is particu- 
larly memory efficient because it allows the system 
designer to set aside buffers to fit frames much 
shorter than the maximum allowable frame length. If 
AL-LOC = 1, or if the flexible memory structure is 
used, the addresses and length field can be placed 
in the Receive Buffer. 


Once the entire frame is received without error, the 
82596 does the following housekeeping tasks. 
• The actual count field of the last Buffer Descrip- 
tor used to hold the frame just received is updat- 
ed with the number of bytes stored in the associ- 
ated Data Buffer. 


• The next available Receive Frame Descriptor is 
fetched. 
• The address of the next available Buffer Descrip- 
tor is written to the next available Receive Frame 
Descriptor. 
• A frame received interrupt status bit is posted in 
the SCB. 
• An interrupt is sent to the CPU. 


If a frame error occurs, for example a CRC error, the 
82596 
automatically reinitializes its DMA pointers 
and reclaims any data buffers containing the bad 


frame. The 82596 
will continue to receive frames 
without CPU help as long as Receive Frame De- 
scrlptors and Data Buffers are available. 


82596 NETWORK 
MANAGEMENT 
AND DIAGNOSTICS 


The behavior 01 data communication networks is 
normally very complex because of their distributed 
and asynchronous nature. It is particularly difficult to 
pinpoint a failure when it occurs. The 82596 has ex- 
tensive diagnostic and network management func- 
tions that help improve reliability and testability. The 
82596 
reports on the following events after each 
frame is transmitted. 
• Transmission successful. 
• Transmission unsuccessful. Lost Carrier Sense. 
• Transmission unsuccessful. Lost Clear to Send. 
• Transmission unsuccessful. A DMA underrun oc- 
curred because the system bus did not keep up 
with the transmission. 
• Transmission unsuccessful. The number of colli- 
sions exceeded the maximum allowed. 
• Number of Collisions. The number of collisions 
experienced during the frame. 
• Heartbeat Indicator. This indicates the presence 
of a heartbeat during the last Interframe Spacing 
(IFS) after transmission. 


When configured to Save Bad Frames the 82596 
checks each incoming frame and reports the follow- 
ing errors. 
• CRC error. Incorrect CRC in a properly aligned 
frame. 
• Alignment error.' Incorrect CRC in a misaligned 
frame. 
• Frame too short. The frame is shorter than the 
value configured for minimum frame length. 
• Overrun. Part of the frame was not placed in 
memory because the system bus did not keep up 
with incoming data. 


• Out of buffer. Part of the frame was discarded 
because of insufficient memory storage space. 
• Receive collision. A collision was detected during 
reception. 


• Length error. A frame not matching the frame 
length parameter was detected. 
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SYSTEM 
CONTROL 
BLOCK 
RECEIVER FRAME AREA (RFA) 
r------- 
----------------------------------------- 


FRAME 
DESCRIPTOR (RtO) 
to 
to 
• 


FREE BUFFER LIST (FBl) 


RECEIVE 
, 


BUFFER 
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RBD 
DESCRIPTOR(RBD) 
• 
• 
• 
+ 
.1 
.1 
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D [J 


BUFFER (DB) 
I 
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Figure 13. Receive 
Frame Area Diagram 


RECEIVE FRAME STATUS 
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lENGTH 
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NEXT RECEIVE 
FRAME DESCRIPTOR 


BUFFER DESCRIPTOR 
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Figure 14. Receive 
Frame Descrlptor 
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NETWORK 
PLANNING 
AND 
MAINTENANCE 


To properly plan, operate, and maintain a communi- 
cation network, the network management entity 
must accumulate information on network behavior. 
The 82596 provides a rich set of network-wide diag- 
nostics that can serve as the basis for a network 
management entity. 


Information on network activity is provided in the 
status of each frame transmitted. The 82596 reports 
the following activity indicators after each frame. 


• Number of collisions. The number of collisions 
the 82596 experienced while attempting to trans- 
mit the frame. 
• Deferred transmission. During the first transmis- 
sion attempt the 82596 had to defer to traffic on 
the link. 


The 82596 updates its 32-bit statistical counters af- 
ter each received frame that both passes address 
filtering and is longer than the Minimum Frame 
Length configuration parameter. The 82596 reports 
the following statistics. 
' 


• CRC errors. The number of well-aligned-frames 
that experienced a CRC error. 


• Alignment errors. The number of 
misaligned 
frames that experienced a CRC error. 
• No resources. The number of frames that were 
discarded because of insufficient resources for 
reception. 
• Overrun errors. The number of frames that were 
not completely stored in memory because the 
system bus did not keep up with incoming data. 
• Receive Collision counter. The number of colli- 
sions detected during receive. 
• Short Frame counter. The number of frames that 
were discarded because they were shorter than 
the configured minimum frame length. 


The 82596 can be configured to Promiscuous mode. 
In this mode it captures all frames transmitted on the 
network without checking the Destination Address. 
This is useful when implementing a monitoring sta- 
tion to capture all frames for analysis. 


A useful method of capturing frame headers is to 
use the Simplified memory mode, configure the 
82596 to Save Bad Frames, and configure the 
82596 to Promiscuous mode with space in the RFD 
allocated for specific number of receive data bytes. 


The'82596 will receive all frames and put them in the 
RFD. Frames that exceed the available space in the 
RFD will be truncated, the status will be updated, 
and the 82596 will retrieve the next RFD. This allows 
the user to capture the initial data bytes of each 
frame (for instance, the header) and discard the re- 
mainder of the frame. 


The 82596 also has a monitor mode for network 
analysis. During normal operation the receive func- 
tion enables the 82596 to receive frames that pass 
address filtering. These frames must have the Start 
of Frame Delimiter (SFD) field and must be longer •• 
than the absolute minimum frame length of 5 bytes 
(6 bytes in case of Multicast address filtering). Con- 
tents and status of the received frames are trans- 
ferred to memory. The monitor function enables the 
82596 to simply evaluate the incoming frames. The 
82596 can monitor the frames that pass or do not 
pass the address filtering. It can also monitor frames 
which do not have the SFD fields. The 82596 can be 
configured to only keep statistical information about 
monitor frames. Three options are available in the 
.Mo(litor mode. These options are selected by the 
two monitor mode configuration bits available in the 
configuration command. 


When the first option is selected, the 82596 receives 
good frames that pass address filtering and trans- 
fers them to memory while monitoring frames that 
do not pass address filtering or are shorter than the 
minimum frame size (these frames are not trans- 
ferred to memory). When this option is used the 
82596 updates six counters: CRC errors, alignment 
errors, no resource errors, overrun errors, short 
frames and total good frames received. 


When the second option is selected, the receive 
function is completely disabled. The 82596 monitors 
only those frames that pass address filterings and 
meet the minimum frame length requirement. When 
this option is used the 82596 updates six counters: 
CRC errors, alignment errors, total frames (good and 
bad), short frames, collisions detected and total 
good frames. 


When the third option is selected, the receive func- 
tion is completely disabled. The 82596 monitors all 
frames, including frames that do not have a Start 
Frame Delimiter. When this option is used the 82596 
updates six counters: CRC errors, alignment errors, 
total frames (good and bad), short frames, collisions 
detected and total good frames. 
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The 82596 has a software-compatible 
state in which 
all its memory 
structures 
are compatible 
with 
the 
82586 memory structure. 
This includes all the Action 
Commands, 
the Receive 
Frame Area (including 
the 
RFD, Buffer Descriptors, 
and Data Buffers), the Sys- 


tem Control 
Block, and the initialization 
procedures. 


There are two minor differences 
between 
the 82596 
in the 82586-Compatible 
memory 
structure 
and. the 
82586. 


• 
When 
the internal 
and external 
loop back 
bits in 
the Configure 
command 
are set to 11 the 82596 


is in external 
loopback 
and the LPBK pin is acti- 


vated; 
in the 82586 
this situation 
would 
produce 


internal 
loopback. 


• 
During 
a Dump 
command 
both 
the 
82596 
and 
82586 dump the same number of bytes; however, 
the data format 
is different. 


... 
.... 
... 


address 
bus. 
Pins 03-00 
must 
be 0010; 
i.e., any 


alternative 
address 
must 
be 
aligned 
to 
16-byte 
boundaries. 
All addresses 
sent to the 82596 must be 
word 
aligned, 
which 
means 
that 
all 
pointers 
and 
memory 
structures 
must start 
on an even 
address 
(AO=zero). 


SYSTEM 
CONFIGURATION 
POINTER 
(SCP) 


The SCP contains 
the sysbus byte and the location 
of the next structure 
of the initialization 
process, 
the 
ISCP. The following 
parameters 
are selected 
in the 
SYSBUS. 


• 
The 82596 operation 
mode. 


• 
The Bus Throttle 
timer triggering 
method. 


• 
Lock enabled. 


• 
Interrupt 
polarity. 


Byte 
ordering 
is 
determined 
by 
the 
LE/BE 
pin. 


LE/BE = 1 selects 
Little 
Endian 
byte 
ordering 
and 
LE/BE = 0 selects 
Big Endian byte ordering. 


NOTE: 
In 
the 
following, 
X 
indicates 
a 
bit 
not 
checked 
82586 
mode. 
This bit must be set to 0 in all other 
modes. 


1-58 


inter 
82596CA 


The following 
diagram 
illustrates 
the format 
of the SCP. 


31 
ODD WORD 
16 15 
EVEN WORD 
0 


X 
X 
X 
X 
X 
X 
X 
X 
SYSBUS 
10 
0 
0 
0 
0 
0 
0 
010 
0 
0 
0 
0 
0 
0 
o OFFFFF4h 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X xix 
X 
X 
X 
X 
X 
X xix 
X 
X 
X 
X 
X 
X 
X OFFFFF8h 


A31 ................ 
A24 A23 
ISCPADDRESS 
AO OFFFFFCh 


A31 ................ 
A24 are not checked in 82586 mode 
X .................... 
X areas are not checked in 82586 mode; they must be 0 in all other modes. 


23 
16 


SYSBUS 
I 0 I 1 
liNT ILOCKITRGI lA1 I MOI X I 
'r. L: NOTCHECKED 


o 0 : 82586 mode 
l 
o, , sz-aa",_m,' m". 
1 0 : Linear mode 
1 1 : Reserved 


o : Internal triggering 
of the 
Interrupt 
polarity 
Bus Throttle timers 
o - Interrupt 
pin Is active 
1 : external triggering 
of the 
high 
Bus Throttle timers 
1 - 
Interrupt 
pin Is active 
low 
o : Lock function 
enabled 
1 : Lock function 
disabled 
290218-14 


ISCP ADDRESS- 
The physical address of the ISCP. In the 82586 mode, bits A31-A24 
are considered 
to be zero. 


Figure 15. The System Configuration 
Pointer 


Writing the Sysbus 


VVhen writing the sysbus byte it is important 
to pay attention 
to the byte order. 


• 
When a Little Endian processor 
is used, the sysbus byte is located at byte address OOFFFFF6h (or address 
n+2 if an alternative 
SCP address n was programmed). 


• 
When a processor 
using Big Endian byte ordering 
is used, the sysbus, alternative 
SCP, and ISCP addresses 
will be different. 


• 
The sysbus byte is located 
at OOFFFFF5h. 


• 
If an alternative 
SCP address 
is programmed, 
the sysbus byte should 
be at byte address n+ 1. 
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INTERMEDIATE 
SYSTEM 
CONFIGURATION 
POINTER 
(ISCP) 


The ISCP indicates 
the location 
of the System Control Block. Often the SCP is in ROM and the ISCP is in RAM. 


The CPU loads the SCB address 
(or an equivalent 
data structure) 
into the ISCP and asserts CA. This Channel 
Attention 
signal causes 
the 82596 
to begin its initialization 
procedure 
and to get the SCB address 
from the 
ISCP and SCP. In 82586 and 32-bit Segmented 
modes the SCP base address 
is also the base address 
of all 
Command 
Blocks, 
Frame Descriptors, 
and Buffer Descriptors 
(but not buffers). 
All these data structures 
must 
reside in one 64-KB segment; 
however, 
in Linear mode no such limitation 
is imposed. 


The following 
diagram 
illustrates 
the ISCP format. 


EVEN WORD 
31 
16 15 
8 7 
0 
ODD WORD 


rA~1~5 
~S~C~B~OrF~FS~ET~ 
A_O~ 
~ 
B~U~SY 
~ISCP 


A23 
SCB BASE ADDRESS 
AO ISCP + 4 
L- 
-L 
~ 
r 
o 
0 
0 
0 
0 
0 
0 
0 -in 
82586 mode 
A31 
A24 - 
in all other modes 


BUSY 
- 
Indicates 
that the 82596 is being initialized. 
The CPU sets the ISCP to 01 h before it gives 
the first CA to the 82596. The ISCP is cleared 
by the 82596 after the SCB base and offset 


are read. Note that the most significant 
byte of the first word of the ISCP is not modified 
when BUSY is cleared. 


SCB OFFSET-This 
16-bit quantity 
specifies 
the offset 
portion 
of the address 
of the SCB. 


SCB BASE 
- 
Specifies 
the base portion of the address of the SCB. The base of SCB is also the base of 


all 82596 
Command 
Blocks, 
Frame 
Descriptors 
and 
Buffer 
Descriptors. 
In the 
82586 


mode, bits A31-A24 
are considered 
to be zero. 


Figure 16.The Intermediate System Configuration Polnter-82586 
and 32·Blt Segmented Modes 


EVEN WORD 
31 
16 15 
8 7 
0 
ODD WORD 


~O~O~O~.~._..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~.~O~O~O~ 
~B~U~S~Y 
~ISCP 


A31 
SCB ABSOLUTE ADDRESS 
AO ISCP + 4 
L- 
--J 


BUSY 
- 
Indicates 
that the 82596 is being initialized. The ISCP is set to 01 h by the CPU before its 
first CA to the 82596. 
It is cleared 
by the 82596 after the SCB address 
is read. 


SCB ADDRESS- 
This 32-bit quantity 
specifies 
the physical 
address 
of the SCB. 


Figure 17.The Intermediate System Configuration Pointer-Linear 
Mode. 


INITIALIZATION 
PROCESS 


The CPU sets up the SCP, ISCP, and the SCB structures, 
and, if desired, 
an alternative 
SCP address. 
It also 
sets BUSY to 01 h. The 82596 is initialized when a Channel Attention 
signal follows 
a Reset signal, causing the 
82596 to access 
the System 
Configuration 
Pointer. 
The sysbus 
byte, the operational 
mode, the bus throttle 
timer triggering 
method, 
the interrupt 
polarity, 
and the state of LOCK are read. After 
reset the Bus Throttle 
timers are essentially 
disabled-the 
T-ON value is infinite, the T-OFF value is zero. After the SCP is read, the 
82596 
reads the ISCP and saves the SCB address. 
In 82586 
and 32-bit Segmented 
modes 
this address 
is 
represented 
as a base address 
plus the offset 
(this base address 
is also the base address 
of all the control 
blocks). 
In Linear mode the base address 
is also an absolute 
address. 
The 82596 clears BUSY, sets CX and 
CNR to equal 1 in the SCB, clears the SCB command 
word, sends an interrupt 
to the CPU, and awaits another 
Channel 
Attention 
signal. RESET configures 
the 82596 to its default 
state before CA is asserted. 
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CONTROLLING 
THE 82596CA 


The host CPU controls 
the 82596 with the commands, 
data structures, 
and methods 
described 
in this section. 
The CPU and the 82596 communicate 
through 
shared 
memory 
structures. 
The 82596 contains 
two indepen- 


dent units: the Command 
Unit and the Receive 
Unit. The Command 
Unit executes 
commands 
from the CPU, 


and the Receive 
Unit handles 
frame 
reception. 
These 
two units are controlled 
and monitored 
by the CPU 
through 
a shared 
memory 
structure 
called the System 
Control 
Block (SCB). The CPU and the 82596 
use the 
CA and INT signals to communicate 
with the SCB. 


82596 CPU ACCESS 
INTERFACE 
(PORT) 


The 82596 
has a CPU access 
interface 
that allows the host CPU to do four things. 


• 
Write an alternative 
System 
Configuration 
Pointer address. 


• 
Write an alternative 
Dump area pointer 
and perform 
Dump. 


• 
Execute 
a software 
reset. 


• 
Execute 
a self-test. 


The following 
events 
initiate the CPU access 
state. 


• 
Presence 
of an address 
on the 031-04 data bus pins. 


• 
The 03-00 pins are used to select one of the four functions. 


• 
The PORT input pin is asserted, 
as in a regular write cycle. 


NOTE. 
The SCP Dump and Self-Test 
addresses 
must be 16-byte aligned. 


The 82596 requires two 16-bit write cycles for a port command. 
The first write holds the internal 
machines 
and 
reads the first 16 bits; the second 
activates 
the PORT command 
and reads the second 
16 bits. 


The PORT Reset is useful when only the 82596 needs to be reset. The CPU must wait for 1O-system and 5-se- 
rial clocks 
before 
issuing another 
CA to the 82596; this new CA begins a new initialization 
process. 


The Dump function 
is useful for troubleshooting 
No Response 
problems. 
If the chip is in a No Response 
state, 
the PORT Dump operation 
can be executed 
and a PORT Reset can be used to reinitialize 
the 82596 without 
disturbing 
the rest of the system. 


The Self-Test 
function 
can be used for board testing; the 82596 will execute 
a self-test 
and write the results to 
memory. 


Table 2. PORT Function Selection 


031 .................................. 
04 ... : ......................... 
00 


Function 
Addresses 
and Results 
03 
02 
01 
00 


Reset 
A31 
Don't Care 
A4 
0 
0 
0 
0 


Self-Test 
A31 
Self-Test 
Results Address 
A4 
0 
0 
0 
1 


SCP 
A31 
Alternative 
SCP Address 
A4 
0 
0 
1 
0 


Dump 
A31 
Dump Area Pointer 
A4 
0 
0 
1 
1 
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restriction, 
the 82596 will fetch the next contiguous 
location 
in memory 
(beyond 
the segment). 


• 
Linear Mode 


• 
A Linear address 
is a single 32-bit entity. 


• 
There 
are no Segmented 
addresses. 


Linear addresses 
are primarily 
used to address 
transmit 
and receive 
data buffers. 
In the 82586 
and 32-bit 


Segmented 
modes, segmented 
addresses 
(base plus offset) are used for all Command 
Blocks, Buffer Oescrip- 
tors, 
Frame 
Oescriptors, 
and 
System 
Control 
Blocks. 
When 
using 
Segmented 
addresses, 
only 
the 
offset 
portion of the entity being addressed 
is specified 
in the block. The base for all offsets 
is the same-that 
of the 
SCB. See Table 
1. 


LITTLE 
ENDIAN 
AND BIG ENDIAN 
BYTE ORDERING 


The 82596 
supports 
both Little Endian and Big Endian byte ordering 
for its memory 
structures. 


The 82596 supports 
Big Endian byte ordering 
for word and byte entities. 
Oword entities are not supported 
with 
Big Endian byte ordering. 
This results 
in slightly 
different 
82596 
memory 
structures 
for Big Endian operation. 


These 
structures 
are defined 
in the 82596 User's Manual. 


NOTE 
All 82596 
memory 
entities 
must be word or dword aligned. 


An example 
of a dword entity is a frame descriptor 
command/status 
dword, whereas 
the raw data of the frame 
are byte entities. 
Both 32- and 16-bit buses are supported. 
When a 16-bit bus is used with Big Endian memory 
organization, 
data lines 
015-00 
are used. The 82596 
has an internal 
crossover 
that 
handles 
these 
swap 


operations. 


COMMAND 
UNIT (CU) 


The Command 
Unit is the logical unit that executes 
Action Commands 
from a list of commands 
very similar to 
a CPU program. 
A Command 
Block is associated 
with each Action Command. 
The CU is modeled 
as a logical 
machine 
that takes, at any given time, one of the following 
states. 


• 
Idle. The CU is not executing 
a command 
and is not associated 
with a CB on the list. This is the initial state. 


• 
Suspended. 
The CU is not executing 
a command; 
however, 
it is associated 
with a CB on the list. 


• 
Active. 
The CU is executing 
an Action 
Command 
and pointing 
to its CB. 


The CPU can affect 
CU operation 
in two ways: 
by issuing a CU Control 
Command 
or by setting 
bits in the 


Command 
word of the Action 
Command. 


1-62 


82596CA 


RECEIVE 
UNIT (RU) 


The Receive 
Unit is the logical unit that receives 
frames and stores them in memory. The RU is modeled 
as a 


logical 
machine 
that takes, at any given time, one of the following 
states. 


• 
Idle. The RU has no memory 
resources 
and is discarding 
incoming 
frames. 
This is the initial state. 


• 
No Resources. 
The RU has no memory 
resources 
and is discarding 
incoming 
frames. 
This state differs 
from Idle in that the RU accumulates 
statistics 
on the number 
of discarded 
frames. 


• 
Suspended. 
The RU has memory 
available 
for storing 
frames, 
but is discarding 
them. The suspend 
state 
can only be reached 
if the CPU forces 
this through 
the SCB or sets the suspend 
bit in the RFD. 


• 
Ready. 
The RU has memory 
available 
and is storing 
incoming 
frames. 


The CPU can affect 
RU operation 
in three ways: by issuing an RU Control 
Command, 
by setting 
bits in the 
Frame Descriptor 
Command 
word of the frame being received, 
or by setting the El 
bit of the current 
buffer's 
Buffer Descriptor. 


SYSTEM 
CONTROL 
BLOCK (SCB) 


The SCB is a memory 
block that plays a major role in communications 
between 
the CPU and the 82596. Such 
communications 
include 
the following. 


• 
Commands 
issued by the CPU 


• 
Status reported 
by the 82596 


Control 
commands 
are sent to the 82596 
by writing 
them 
into the SCB and then asserting 
CA. The 82596 
examines 
the 
command, 
performs 
the required 
action, 
and then 
clears 
the 
SCB command 
word. 
Control 
commands 
perform 
the following 
types of tasks. 


• 
Operation 
of the Command 
Unit (CU). The SCB controls 
the CU by specifying 
the address 
of the Command 
Block 
List (CBl) 
and by starting, 
suspending, 
resuming, 
or aborting 
execution 
of CBl 
commands. 


• 
Operation 
of the Bus Throttle. 
The SCB controls 
the Bus Throttle 
timers by providing 
them with new values 
and sending the load 
and Start timer commands. 
The timers can be operated 
in both the 32-bit Segmented 
and Linear modes. 


• 
Reception 
of frames 
by the Receive 
Unit (RU). The SCB controls 
the RU by specifying 
the address 
of the 
Receive 
Frame Area and by starting, 
suspending, 
resuming, 
or aborting 
frame 
reception. 


• 
Acknowledgment 
of events that cause interrupts. 


• 
Resetting 
the chip. 


The 82596 
sends 
status 
reports 
to the CPU via the System 
Control 
Block. 
The SCB contains 
four types 
of 
status reports. 


• 
The cause 
of the current 
interrupts. 
These 
interrupts 
are caused 
by one or more of the following 
82596 
events. 


• 
The Command 
Unit completes 
an Action 
Command 
that has its I bit set. 


• 
The Receive 
Unit receives 
a frame. 


• 
The Command 
Unit becomes 
inactive. 


• 
The Receive 
Unit becomes 
not ready. 


• 
The status of the Command 
Unit. 


• 
The status of the Receive 
Unit. 


• 
Status reports 
from the 82596 
regarding 
reception 
of corrupted 
frames. 
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Events can be cleared only by CPU acknowledgment. If some events are not acknowledged by the ACK field 
the Interrupt signal (INT) will be reissued after Channel Attention (CA) is processed. Furthermore, if a new 
event occurs while an interrupt is set, the interrupt is temporarily cleared to trigger edge-triggered interrupt 
controllers. 


The CPU uses the Channel Attention line to cause the 82596 to examine the SCB. This signal is trailinq-edqe 
triggered-the 
82596 latches CA on the trailing edge. The latch is cleared by the 82596 before the SCB 
control command is read. 


EVEN WORD 
o 


SCB 


SCB + 4 


SCB + 8 


SCB + 12 


ODD WORD 
16 15 
31 


ACK 
I X I 
cuc 
I R I 
RUC 
I X 
X 
X 
X 
STAT 
101 
CUS 
I 0 I 
RUS 
I 0 
0 
0 
0 


RFAOFFSET 
CBLOFFSET 


ALIGNMENT 
ERRORS 
CRCERRORS 


OVERRUN 
ERRORS 
RESOURCE 
ERRORS 


Figure 18. SCB-82586 
Mode 


31 
ODD WORD 
16 
15 
EVEN WORD 
0 


ACK 
101 
cuc 
IRI 
RUC 
10 
o 
0 
01 
STAT 
101 
CUS T 
RUS 
T TTo 
0 
o 
SCB 


RFAOFFSET 
I 
CBLOFFSET 
SCB + 4 


CRCERRORS 
SCB + 8 


ALIGNMENT 
ERRORS 
SCB + 12 
, 
RESOURCE 
ERRORS 
(") 
SCB + 16 


~ 
OVERRUN 
ERRORS 
(") 
SCB + 20 


RCVCDT 
ERRORS 
(") 
SCB + 24 


SHORT 
FRAME 
ERRORS 
SCB + 28 


T-ONTIMER 
I 
T-OFFTIMER 
SCB + 32 


"In monitor 
mode these 
counters 
change 
function 


Figure 19.SCB-32-Blt 
Segmen!ed Mode 


31 
ODD WORD 
16 
15 
EVEN WORD 
0 


ACK 
101 
cuc 
IRI 
RUC 
10 
0 
0 
01 
STAT 
101 
CUS 
I 
RUS 
ITlo 
0 
o 
SCB 


COMMAND 
BLOCK ADDRESS 
SCB + 4 


RECEIVE 
FRAME AREA ADDRESS 
SCB + 8 


CRCERRORS 
SCB + 12 


ALIGNMENT 
ERRORS 
SCB + 16 


RESOURCE 
ERRORS 
(") 
SCB + 20 


OVERRUN 
ERRORS 
(") 
SCB + 24 


RCVCDT 
ERRORS 
(") 
SCB + 28 


SHORT 
FRAME 
ERRORS 
SCB + 32 


T-ONTIMER 
I 
T-OFFTIMER 
SCB + 36 


"In MONITOR 
mode these 
counters 
change 
function 


Figure 20. SCB-Llnear 
Mode 
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Command 
Word 
31 


"-- 
A_C_K 
-'0'--__ 
C_u_C__ 
---'0'- 
R_u_c__ 
--'I_o 
o__ o__ 
o_1 
SCB + 2 


16 


These bits specify the action to be performed 
as a result of a CA. This word is set by the CPU and cleared 
by 
the 82596. Defined 
bits are: 


Bit 31 ACK·CX 


Bit 30 ACK·FR 


Bit 29 ACK·CNA 


Bit 28 ACK·RNR 


Bits 24-26 CUC 


Bit 23 RESET 


Bits 20-22 RUC 


- 
Acknowledges 
that the CU completed 
an Action 
Command. 


- 
Acknowledges 
that the RU received 
a frame. 


- 
Acknowledges 
that the Command 
Unit became 
not active. 


- 
Acknowledges 
that the Receive 
Unit became 
not ready. 
• 


- 
(3 bits) This field contains 
the command 
to the Command 
Unit. Valid values 
are: 
o 
- 
NOP (does not affect 
current 
state of the unit). 


1 
- 
Start execution 
of the first command 
on the CBL. If a command 
is executing, 
complete 
it before starting 
the new CBL. The beginning 
of the CBL is in CBL 
OFFSET 
(address). 


2 
- 
Resume the operation 
of the Command 
Unit by executing 
the next command. 
This 
operation 
assumes 
that 
the Command 
Unit has been 
previously 
sus- 
pended. 


3 
- 
Suspend 
execution 
of commands 
on CBL after current command 
is complete. 


4 
- 
Abort current 
command 
immediately. 


5 
- 
Loads the Bus Throttle 
timers 
so they will be initialized 
with their new values 
after the active timer (T·ON or T·OFF) 
reaches 
Terminal 
Count. 
If no timer is 
active 
new values 
will be loaded 
immediately. 
This command 
is not valid 
in 
82586 mode. 


6 
- 
Loads and immediately 
restarts 
the Bus Throttle 
timers with their new values. 
This command 
is not valid in 82586 mode. 


7 
- 
Reserved. 


- 
Reset chip (logically 
the same as hardware 
RESET). 


- 
(3 bits) This field contains 
the command 
to the Receive 
Unit. Valid values are: 
o 
- 
NOP (does not alter current 
state of unit). 


1 
- 
Start reception 
of frames. 
The beginning 
of the RFA is contained 
in the RFA 
OFFSET 
(address). 
If a frame 
is being 
received 
complete 
reception 
before 
starting. 


2 
- 
Resume 
frame reception 
(only when in suspended 
state). 


3 
- 
Suspend 
frame reception. 
If a frame 
is being received 
complete 
its reception 
before suspending. 


4 
- 
Abort receiver 
operation 
immediately. 
5-7 - 
Reserved. 
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Bit 12 RNR 
-, 


Bits 8-10 
CUS 


Bits 4-7 
RUS 


Bit3T 


, - 
The Receive 
Unit left the Ready state. 


- 
(3 bits) This field contains 
the status of the command 
unit. Valid values 
are: 
o 
-Idle 


1 
- 
Suspended 


2 
-Active 


3-7 
- 
Not used 


- 
This field contains 
the status of the receive 
unit. Valid values 
are: 


Oh (0000) 
- 
Idle 


1h (0001) 
- 
Suspended 


2h (0010) 
- 
No Resources. 
This 
bit indicates 
both 
no resources 
due to 
lack 
of 
RFDs in the RDL and no resources 
due to lack of RBDs in the FBL. 


4h (0100) 
- 
Ready 


8h (1000) 
- 
No more RBDs (not in the 82586 
mode) 


Ah (1010) 
- 
No resources 
due to no more RBDs (not in the 82586 
mode). 


No other combinations 
are allowed 


- 
Bus Throttle 
timers 
loaded 
(not in 82586 
mode). 


SCB OFFSET 
ADDRESSES 


CBl 
Offset (Address) 


In 82586 and 32-bit Segmented 
modes this 16-bit quantity 
indicates 
the offset 
portion 
of the address 
for the 
first Command 
Block on the 'CBL. In Linear mode it is a 32-bit linear address 
for the first Command 
Block on 
the CBL. It is accessed 
only if CUC equals Start. 


RFA Offset (Address) 


In 82586 and 32-bit Segmented 
modes this 16-bit quantity 
indicates 
the offset 
portion 
of the address 
for the 
Receive 
Frame Area. In Linear mode it is a 32-bit linear address 
for the Receive 
Frame Area. It is accessed 
only if RUC equals Start. 
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see STATISTICAL 
COUNTERS 


Statistical Counter Operation 


• The CPU is responsible for clearing all error counters before initializing the 82596. The 82596 updates 
these counters by reading them, adding 1, and then writing them back to the SCB. 


• The counters are wraparound counters. After reaching FFFFFFFFh the counters wrap around to zero. 
• The 82596 updates the required counters for each frame. It is possible for more than one counter to' be 
updated; multiple errors will result in all affected counters being updated. 


• The 82596 executes the read-counter/incrementlwrite-counter 
operation without relinquishing the bus 
(locked operation). This is to ensure that no logical contention exists between the 82596 and the CPU due • 
to both attempting to write to the counters simultaneously. In the dual-port memory configuration the CPU 
should not execute any write operation to a counter if LOCK is asserted. 
. 


• The counters are 32-bits wide and their behavior is fully compatible with the IEEE 802.3 standard. The 
82596 supports all relevant statistics (mandatory, optional, and desired) through the status of the transmit 
and receive header and directly through SCB statistics. 


CRCERRS 


This 32-bit quantity contains the number of aligned frames discarded because of a CRC error. This counter is 
updated, if needed, regardless of the RUstate. 


ALNERRS 


This 32-bit quantity contains the number of frames that both are misaligned (i.e., where CRS deasserts on a 
nonoctet boundary) and contain a CRC error. The counter is updated,'if needed, regardless of the RU state. 


SHRTFRM 


This 32-bit quantity contains the number of received frames shorter than the minimum frame length. 


The last three counters change function in monitor mode. 


RSCERRS 


This 32-bit quantity contains the number of good frames discarded because there were no resources to 
contain them. Frames intended for a host whose RU is in the No Receive Resources state, fall into this 
category. This counter is updated only if the RU is in the No Resources state. When in Monitor mode this 
counter counts the total number of trarnes=qood and bad. 


I 
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OVRNERRS 


This 32-bit quantity 
contains 
the number 
of frames 
known 
to be lost because 
the local system 
bus was not 
available. 
If the traffic 
problem 
lasts longer than the duration 
of one frame, the frames that follow the first are 
lost without 
an indicator, 
and they are not counted. 
This counter 
is updated, 
if needed, 
regardless 
of the RU 
state. 


RCVCDT 


This 32-bit quantity 
contains 
the number 
of collisions 
detected 
during frame 
reception. 
In Monitor 
mode this 
counter 
counts 
the total number 
of good frames. 


ACTION 
COMMANDS 
AND OPERATING 
MODES 


This section 
lists all the Action Commands 
of the Command 
Unit Command 
Block List (CBl). 
Each command 
contains 
the Command 
field, the Status 
and Control 
fields, 
the link to the next Action 
Command, 
and any 
command-specific 
parameters. 
There 
are three 
basic types 
of action 
commands: 
82596 
Configuration 
and 
Setup, Transmission, 
and Diagno~tics. 
The following 
is a list of the actual commands. 


• 
NOP 
• 
Transmit 


• 
Individual 
Address 
Setup 
• 
TDR 


• 
Configure 
• 
Dump 


• 
MC Setup 
• 
Diagnose 


The 82596 has three addressing 
modes. 
In the 82586 mode all the Action Commands 
look exactly 
like those 
of the 82586. 


• 
82586 
Mode. The 82596 software 
and memory 
structure 
is compatible 
with the 82586. 


• 
32-Bit Segmented 
Mode. The 82596 can access the entire system memory and use the two new memory 
structures-Simplified 
and Flexible-while 
still using the segmented 
approach. 
This does not require 
any 
significant 
changes 
to existing 
software. 


• 
Linear Mode. The 82596 operates 
in a flat, linear, 4 gigabyte 
memory 
space without 
segmentation. 
It can 
also use the two new memory 
structures. 


In the 32-bit Segmented 
mode there are some differences 
between 
the 82596 and 82586 action commands, 
mainly in programming 
and activating 
new 82596 features. 
Those 
bits marked 
"don't 
care" 
in the compatible 
mode are not checked; 
however, 
we strongly 
recommend 
that those 
bits all be zeroes; 
this will allow future 
enchancements 
and extensions. 


'In the Linear 
mode 
all of the address 
offsets 
become 
32-bit 
address 
pointers, 
All new 82596 
features 
are 
accessible 
in this mode, and all bits previously 
marked 
"don't 
care" 
must be zeroes. 


The Action Commands, 
and all other 82596 memory structures, 
must begin on even byte boundaries, 
i.e., they 
must be word aligned. 
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NOP 


This command results in no action by the 82596 except for those performed in the normal command process- 
ing. It is used to manipulate the CBl manipulation. The format of the NOP command is shown in Figure 21. 


ODD WORD 


o 


NOP-82586 
and 32-Blt Segmented 
Modes 


ODD WORD 
1615 
EVEN WORD 
x 
X 
X 
X 
X 
X 
X 
0 C 
BOO 
0 0 0 0000000 


X 
X 
X 
X 
X 
X 
X 
X A15 
LINK OFFSET 
AO4 


EVEN WORD 
0 
o 
0 0 0 0 0 0 
000 
0 0 0 0 0 0 0 0 0 0 0 
AO4 


Figure 21 


where: 


LINK POINTER 
-In 
the 82586 or 32-bit Segmented modes this is a 16-bit offset to the next Command 
Block. In the Linear mode this is the 32-bit address of the next Command Block. 
El 
- 
If set, this bit indicates that this command block is the last on the CBL. 


S 
- 
If set to one, suspend the CU upon completion of this CB. 


I 
- 
If set to one, the 82596 will generate an interrupt after execution of the command is 
complete. If I is not set to one, the CX bit will not be set. 


CMD (bits 16-18) - 
The NOP command. Value: Oh. 


Bits 19-28 
- 
Reserved (zero in the 32-bit Segmented and Linear modes). 


C 
- 
This bit indicates the execution status of the command. The CPU initially resets it to zero 
when the Command Block is placed on the CBL. Following a command Completion, the 
82596 will set it to one. 
B 
- 
This bit indicates that the 82596 is currently executing the NOP command. It is initially 
reset to zero by the CPU. The 82596 sets it to one when execution begins and to zero 
when execution is completed. This bit is also set when the 82596 prefetches the com- 
mand. 


NOTE: 
The C and B bits are modified in one operation. 


OK 
- 
Indicates that the command was executed without error. If set to one no error occurred 
(command executed OK). If zero an error occured. 


Individual Address Setup 


This command is used to load the 82596 with the Individual Address. This address is used by the 82596 for 
inserting the Source Address during transmission and recognizing the Destination Address during reception. 
After RESET, and prior to Individual Address Setup Command execution, the 82596 assumes the Broadcast 
Address is the Individual Address in all aspects, Le.: 
• This will be the Individual Address Match reference. 
• This will be the Source Address of a transmitted frame (for Al-lOC=O 
mode only). 
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The format of the Individual Address Setup command is shown in Figure 22. 


lA Setup-82586 
and 32-Bit Segmented Modes 


31 
ODD WORD 
16 15 
EVEN WORD 
0 


ELl S II 
I X 
x 
x 
x 
x 
x 
x 
x 
x 
xlo 
0 
1 
cl 
B IOKI 
A 10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 0 


INDIVIDUAL 
ADDRESS 
1st byte A15 
LINK OFFSET 
AO 4 


6th byte 
5th byte 
4th byte 
3rd byte 
8 


lA Setup-Linear 
Mode 
31 
ODD WORD 
16 15 
EVEN WORD 
0 


ELl S II 
10 
0 
0 
0 
0 
0 
0 
0 
0 
010 
0 
1 
cl 
B IOKI A 10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 0 


A31 
LINK ADDRESS 
AO 4 


4th byte 
t 
3rd byte 
INDIVIDUAL 
ADDRESS 
1st byte 
8. 


6th byte 
5th byte 
C 


Figure 22 


where: 
LINK ADDRESS, 
EL, B,C, I, S 


A 


- 
As per standard Command Block (see the NOP command for details) 


-Indicates 
that the command was abnormally terminated due to CU Abort control 
command. If one, then the command was aborted, and if necessary it should be 
repeated. If this bit is zero, the command was not aborted. 


Bits 19-28 
- 
Reserved (zero in the 32-bit Segmented and Linear modes). 
CMD (bits 16-18) 
- 
The Address Setup command. Value: 1h. 
INDIVIDUALADDRESS- 
The individual address of the node, 0 to 6 bytes long. 


The least significant bit of the Individual Address must be zero for Ethernet (see the Command Structure). 
However, no enforcement of 0 is provided by the 82596. Thus, an Individual Address with 1 as its least 
significant bit is a valid Individual Address in all aspects. 


The default address length is 6 bytes long, as in 802.3. If a different length is used the lA Setup command 
should be executed after the Configure command. 


Configure 


The Configure command loads the 82596 with its operating parameters. It allows changing some of the 
parameters by specifying a byte count less than the maximum number of configuration bytes (12 in the 82586 
mode, 16 in the 32-Bit Segmented and Linear modes). The 82596 configuration depends on its mode of 
operation. 


• In the 82586 mode the maximum number of configuration bytes is 12. Any number larger than 12 will be 
reduced to 12 and any number less than 4 will be increased to 4. 


• The additional features of the serial side are disabled in the 82586 mode. 
• In both the 32-Bit Segmented and Linear modes there are four additional configuration bytes, which hold 
parameters for additional 82596 features. If these parameters are not accessed, the 82596 will follow their 
default values. 


• For more detailed information refer to the 32-Bit LAN Components User's Manual. 
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The format 
of the Configure 
command 
is shown 
in Figure 23, 24 and 25. 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S 11 
I X 
X 
X 
X 
X 
X 
X 
X 
X 
xlo 
1 
o 
cl 
B IOKI A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 


Byte 1 
Byte 0 
A15 
LINK OFFSET 
AO 4 


Byte 5 
Byte 4 
Byte 3 
Byte 2 
8 


Byte 9 
Byte 8 
Byte? 
Byte 6 
12 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Byte 10 
16 


Figure 23. cONFIGURE-82586 
Mode 


I 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S 11 10 
0 
0 
0 
0 
0 
0 
0 
0 
010 
1 
o 
cl 
B IOKI A 10 
0 
0 
0 
0 
O· 
0 
0 
0 
0 
0 
o 
0 


Byte 1 
Byte 0 
A15 
LINK OFFSET 
AO 4 


Byte 5 
Byte 4 
Byte 3 
Byte 2 
8 


Byte 9 
Byte 8 
Byte? 
Byte 6 
12 


Byte 13 
Byte 12 
Byte 11 
Byte 10 
16 


Figure 24. cONFIGURE-32-Blt 
Segmented Mode 


." 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S 11 
10 
0 
0 
0 
0 
0 
0 
0 
0 
010 
1 
o 
c I B IOKI A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 


A31 
LINK ADDRESS 
AO 4 


Byte 3 
Byte 2 
Byte 1 
Byte 0 
8 


Byte? 
Byte 6 
Byte 5 
Byte 4 
12 


Byte 11 
Byte 10 
Byte 9 
Byte 8 
16 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Byte 13 
Byte 12 
20 


Figure 25. CON FIGURE-Linear 
Mode 


LINK ADDRESS, 
- 
As per standard 
Command 
Block (see the NOP command 
for details) 
EL, B,C,I,S 


A 
- 
Indicates 
that the command 
was abnormally 
terminated 
due to a CU Abort control 
com- 
mand. If 1, then the command 
was aborted 
and if necessary 
it should be repeated. 
If this 
bit is 0, the command 
was not aborted. 


Bits 19-28 
- 
Reserved 
(zero in the 32-Bit Segmented 
and Linear Modes) 


CMD (bits 16-18) 
- 
The CON FIGURE command. 
Value: 2h. 


The interpretation 
of the fields follows: 


? 
6 
5 
4 
3 
2 
1 
o 


BYTE?OUNT 
p 
X 
X 
X 


BYTE 0 


BYTE CNT (Bits 0-3) 
Byte Count. 
Number 
of bytes, including 
this one, that hold pa- 
rameters 
to be configured. 


Enable 
the 
82596 
to write 
the 
prefetched 
bit in all prefetch 
RBDs. 
PREFETCHED 
(Bit 7) 


1-71 


intJ 
82596CA 


NOTE: 
The 
P bit is valid 
only 
in the 
new memory 
structure 
modes. 
In 82586 
mode 
this 
bit is disabled 
(i.e., no 
prefetched 
mark). 


7 
° 


I 
M_O_NL:IT_O_R 
X_-,- 
__ 
X 
-'--- __ 
F_~F_0....L:L_~M_~_T 
__ 
'-- 
I 


BYTE 1 


FIFO Limit (Bits 0-3) 


MONITOR"" 
(Bits 6-7) 


DEFAULT: 
C8h 


FIFOlimit. 


Receive 
monitor 
options. 
If the Byte Count of the configure 


command 
is less than 12 bytes then these 
Monitor 
bits are ignored. 


7 
° 


I-S-AV-BF-I 
----'L-_o 
0 
o_----'L-_o 
0_----' __ 
0_----'1 


BYTE 
2 


SAV BF (Bit 7) 


DEFAULT: 
40h 
7 


O-Received 
bad frames 
are not saved in the memory. 


1-Received 
bad frames 
are saved in the memory. 


PREAMBLE 
LENGTH 
° 
LOOP 
BACK 


MODE 
ADDRESS 
LENGTH 


BYTE 
3 


ADR LEN (Bits 0-2) 


NO SCR ADD INS (Bit 3) 


PREAM LEN (Bits 4-5) 


LP BCK MODE (Bits 6-7) 


DEFAULT: 
26h 


Address 
length 
(any kind). 


No Source 
Address 
Insertion. 


In the 82586 this bit is called AL LOC. 


Preamble 
length. 


Loopback 
mode. 


7 
° 
I_B_O_F_M_E_TD--'-I__ 
E_XP_0....L~_E_N_TI_A_L 
_PR_IOL! 
R_I_TY 
0 
L_INL:E_A_R_P_R_IO_R..J..I!v 
--l1 


BYTE 4 


UN PRIO (Bits 0-2) 


EXP PRIO (Bits 4-6) 


BOF METD (Bit 7) 


DEFAULT: 
OOh 


Linear Priority. 


Exponential 
Priority. 


Exponential 
Backoff 
method. 


7 
° 
I 
--'-_~_'-- 
__ 
_'_ 
..L.: _IN_TE_R_F_R_A..J..¥_E_SP_A_C_IN_G....L: 
--'- 
I 


BYTE 5 


INTERFRAME 
SPACING 


DEFAULT: 
60h 


Interframe 
spacing. 
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7 
0 


I 
SLOT TI¥E - LOW 
I 
'----------'_-----'_--'-_--'-"_----'-_----'-_--1.. __ 


BYTE 6 
SLOT TIME (L) 
DEFAULT: OOh 
Slot time, low byte. 


7 
0 
IL 
~~LA~X~'M~U~M~R~EL1R~y~N~U~M~B~ERL: L_ __O__ _L 
S_LL:O_T_T_IM_E_-H_IL~_H 
I 


BYTE 7 
SLOT TIME (H) 
(Bits 0-2) 
RETRY NUM (Bits 4-7) 
DEFAULT: F2h 
7 


Slot time, high part. 


Number of transmission retries on collision. 
I 


BYTE 8 
PRM (Bit 0) 
BC DIS (Bit 1) 
MANCHINRZ (Bit 2) 


Promiscuous mode. 
Broadcast disable. 
Manchester or NRZ encoding. See specific timing require- 
ments for TXC in Manchester mode. 
Transmit on no CRS. 
No CRC insertion. 
CRC type. 
Bit stuffing. 
Padding. 


TONO CRS (Bi"t3) 
NOCRC INS (Bit 4) 
CRC-16/CRC-32 (Bit 5) 
BIT STF (Bit 6) 
PAD (Bit 7) 
DEFAULT:OOh 


7 
0 


I CDT SRC I 
COLLI~ION 
DETECT:FILTER 
I CRS SRC I 
CAR~IER SENSE F:ILTER 
I 


BYTE 9 


CRSF (Bits 0-2) 
Carrier Sense filter (length). 


CRS SRC (Bit 3) 
Carrier Sense source. 


CDTF (Bits 4-6) 
Collision Detect filter (length). 
COT SRC (Bit 7) 
Collision Detect source. 
DEFAULT:OOh 
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7 
0 
~ 
~ 
L_ 
_L~-IN-IM-U-M-F-RL~M-E--LE-N-G-TH~!------~ 
_J 
~I 


7 
0 
I 
M_O--'N:LIT_O_R 
__ 
--'--_M_C_J_L_L_I 
CDBSAC I 
AUTOTX 
I 
CRCINM I 
LNGFLD 
I 
PRECRS 
I 


BYTE 11 


PRECRS (Bit 0) 


LNGFLD 
(Bit 1) 


CRCINM 
(Bit 2) 


AUTOTX 
(Bit 3) 


CDBSAC 
(Bit 4) 


MC---ALL 
(Bit 5) 


MONITOR 
(Bits 6- 7) 


DEFAULT: 
FFH 
7 


BYTE 10 


MIN FRAME LEN 


DEFAULT: 
40h 


IOCR 
FOX 


BYTE 12 


OCR SLOT ADDRESS 
(Bits 0-5) 


FOX (Bit 6) 


OCR (Bit 7) 


DEFAULT: 
OOh 


Minimum 
frame 
length. 


Preamble 
until Carrier Sense 


Length field. Enables 
padding 
at the End-of-Carrier 
framing 
(802.3). 


Rx CRC appended 
to the frame in memory. 


Auto retransmit 
when a collision 
occurs 
during the preamble. 


Collision 
Detect 
by source 
address 
recognition. 


Enable to receive 
all MC frames. 


Receive 
monitor 
options. 


o 


______-L 
~: 
__D_CR 
__SL_O_TL:A_D_D_RE_S_S~ 
__'__ 
I 


Station 
index in OCR mode. 


Enables 
Full Duplex operation. 


Enables 
Deterministic 
collision 
resolution. 


7 
0 


1 DIS_BOF 
1 MULT_IA 
1 
---1. 
D..L..!C_R_N_U_M_B_E_RL:O_F_S_T_AT_I_O....JN~ 
---1. 
1 


BYTE 13 


OCR NUMBER 
OF 
STATIONS 
(Bits 0-5) 


MUL T_lA 
(Bit 6) 


DIS_BOF 
(Bit 7) 


DEFAULT: 
3Fh 


Number 
of stations 
in OCR mode. 


Multiple 
individual 
address. 


Disable the backoff 
algorithm. 
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"0 
o 
o 
o 
o 
63 
o 
o 
"0 
"0 
o 
8 
o 
"96 
"0 
1 
"64 
1 
11 
o 
o 
"15 
o 
o 
"7 
1 
o 
o 
"512 
o 
o 


CRC Not Transferred 
to Memory 
CRC-32 
o Bit Times 
External CRS 
Disable DCR Protocol 
DCR Disabled 
Stations 
Backoff 
Enabled 
Disabled 
802.3 Algorithm 
802.3 Algorithm 
CSMAlCD 
Protocol 
(No FDX) 
TX: 32 Bytes, RX: 64 Bytes 
Disabled 
Bit Times 
802.3 Algorithm 
Padding Disabled 
Bytes 
Disabled 
Disabled 
NRZ 
Disabled 
Maximum 
Number of Retries 
CRC Appended 
to Frame 
Disabled 
(Valid Only in New Modes) 
Bytes 
Disabled 
Address 
Filter On 
No Padding 
Bit Times 
Discards 
Bad Frames 
Disabled 


• 
CRC IN MEMORY 
CRC-16/CRC-32 
CRSFILTER 
CRSSRC 
, 
DCR 


• 
DCR Slot Number 
• 
. DCR Number of Stations 
, 
DISBOF 


.EXT LOOPBACK 
EXPONENTIAL 
PRIORITY 
EXPONENTIAL 
BACKOFF 
METHOD 
• 
FuLL 
DUPLEX (FDX) 
FIFO THRESHOLD 
INT LOOPBACK 
INTERFRAME 
SPACING 
LINEAR PRIORITY 
• 
LENGTH 
FIELD 
MIN FRAME LENGTH 
, 
MC ALL 


• 
MONITOR 
MANCHESTERINRZ 


• 
MULTI 
lA 
NUMBER 
OF RETRIES 
NO CRC INSERTION 
PREFETCH 
BIT IN RBD 
PREAMBLE 
LENGTH 
• 
Preamble 
Until CRS 
PROMISCUOUS 
MODE 
PADDING 
SLOT TIME 
SAVE BAD FRAME 
TRANSMIT 
ON NO CRS 


NOTES 
1. This configuration 
setup 
is compatible 
with the IEEE 802.3 specification. 
2. The Asterisk 
••••• signifies 
a new configuration 
parameter 
not available 
in the 82586. 
3. The default 
value of the Auto retransmit 
configuration 
parameter 
is enabled(1). 
4. Double 
Asterisk 
•••••• signifies 
IEEE 802.3 
requirements. 
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Multicast-Setup 
. 


This command 
is used to load the 82596 with the Multicast-IDs 
that should be accepted. 
As noted previously, 


the filtering 
done 
on the 
Multicast-IDs 
is not perfect 
and some 
unwanted 
frames 
may be accepted. 
This 
command 
resets the current filter and reloads 
it with the specified 
Multicast-IDs. 
The format 
of the Multicast-. 


addresses 
setup command 
is: 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl 
S I1 
I X 
X 
X 
X 
X 
X 
X 
X 
X 
xlo 
1 
1 
cl 
B IOKI 
A 10 
0 
o 
0 
0 
0 
0 
o 
0 
o 
0 
0 


xlxl 
MC COUNT 
A15 
LINK OFFSET 
AO 


4th 
byte 
, 


1st byte 


Nth byte 


MUL TICAST 
AiDRESSES 
LIST 


Figure 26. MC Setup-82586 
and 32-81t Segmented Modes 


31 
ODD WORD 
1615 
EVEN WORD 
0 


Ell 
S I 1 I 0 
o 
0 
o 
0 
0 
0 
o 
0 
010 
1 
1 I C I B IOKI 
A I 0 
0 
0 
0 
o 
0 
0 
o 
0 
0 
0 
0 


A31 
LINK ADDRESS 
AO 


2nd 
byte 


" 
1st bytel 
X I X I 
MC COUNT 
, 


Nth byte 
- 


MUL TICAST AiDRESSES 
LIST 


Figure 27. MC Setup-Linear 
Mode 


where: 


LINK ADDRESS, 
EL, B,C,I,S 


A 


- 
As per standard 
Command 
Block (see the NOP command 
for details) 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to a CU Abort control 
command. 
If one, then the command 
was aborted 
and if necessary 
it should 
be 
repeated. 
If this bit is zero, the command 
was not aborted. 


- 
Reserved 
(0 in both the 32-Bit Segmented 
and Linear Modes). 


- 
The MC SETUP command 
value: 3h. 


This 14-bit field indicates 
the number 
of bytes in the MC LIST field. The MC CNT 
must be a multiple of the ADDR LEN; otherwise, 
the 82596 reduces the MC CNT to 
the 
nearest 
ADDR 
LEN multiple. 
MC CNT =0 implies 
resetting 
the 
Hash 
table 
which 
is equivalent 
to disabling 
the Multicast 
filtering 
mechanism. 


- 
A list of Multicast 
Addresses 
to be accepted 
by the 82596. The least significant 
bit 
of each MC address 
must be 1. 


Bits 19-28 


CMD (bits 16-18) 


MC-CNT 


MC LIST 


NOTE: 
The list is sequential; 
i.e., the most significant 
byte of an address 
is immediately 
followed 
by the least signifi- 
cant byte of the next address. 


- 
When the 82596 
is configured 
to recognize 
multiple 
Individual 
Address 
(Multi-lA), 
the MC-Setup 
command 
is also used to set up the Hash table for the individual 
address. 
The least significant 
bit in the first byte of each lA address 
must be O. 
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Transmit 


This command 
is used to transmit 
a frame of user data onto the serial link. The format of a Transmit 
command 
is as follows. 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S 1I 
I X 
X 
X 
X 
X 
X 
X 
X 
X 
X 11 
0 
o 
CIBI 
STATUS BITS 
I 
MAXCOLL 
0 


A15 
TBDOFFSET 
AOA15 
LINK OFFSET 
AO 4 


4th byte 
DESTINATIONADDRESS 
tst byte 8 


LENGTH FIELD 
6th byte 
12 


Figure 28. TRANSMIT -82586 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


EL 
I 
S 
I 
I 
10 
0 
01 
NC I 
SF 
11 
0 
0 
C I B I 
STATUS BITS 
I 
MAXCOLL 
0 


A15 
TBDOFFSET 
AOA15 
LINK OFFSET 
AO4 
o 
0 
0 
o 
0 
0 
0 
0 
000 
0 
0 
0 
0 
0 EOFI 0 I 
TCBCOUNT 
8 


4th byte 
DESTINATION ADDRESS 
1st byte 12 


LENGTH FIELD 
6th byte 
16 


OPTIONAL DATA 


Figure 29. TRANSMIT -32-8It 
Segmented 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


EL 
I 
S 
1I 
010 
0 
01 
NC I 
SF 
11 
o 
0 
C I B I 
STATUS BITS 
I 
MAXCOLL 
0 


A31 
LINK ADDRESS 
AO4 


A31 
TRANSMIT BUFFER DESCRIPTORADDRESS 
AO8 
o 
0 
0 
o 
0 
o 
0 
0 
o 
0 
0 
0 
0 
000 
EOFI 0 I 
TCBCOUNT 
12 


4th byte 
DESTINATION ADDRESS 
1st byte 16 


LENGTH FIELD 
6th byte 
20 


OPTIONAL DATA 
- 


Figure 30. TRANSMIT-Linear 
Mode 


31 
COMMAND WORD 
16 


IELI S I I I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0lNCIsFI1 
0 
012 
i i 
0: No CRC Insertion disable; when the 
0: Simplified Mode, all the Tx data is in 
configure command is configured to 
the Transmit Command Block. The 
not insert the CRC during 
Transmit Buffer Descriptor Address 
transmission the NC bit has no effect. 
field is all 1s. 
1: No CRC Insertion enable; when the 
1: Flexible Mode. Data is in the TCB 
configure command is configured to 
and in a linked list of TBDs. 
insert the CRC during transmission 
the CRC will not be inserted when 
NC = 1. 
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where: 


EL, B,C,I,S 


OK (Bit 13) 


A (Bit 12) 


Bits 19-28 


CMD (Bits 16-18) 


Status Bit 11 


Status Bit 10 


Status Bit 9 


Status Bit 8 


Status Bit 7 


Status Bit 6 


Status Bit 5 


MAX·COL 
(Bits 3-0) 


LINK OFFSET 


TBDPOINTER 


DEST ADDRESS 


LENGTH 
FIELD 


TCBCOUNT 


EOF Bit 


- 
As per standard 
Command 
Block (see the NOP command 
for details). 


- 
Error free completion. 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to CU Abort 
control 


command. 
If 1, then 
the command 
was aborted, 
and 
if necessary 
it should 
be 
repeated. 
If this bit is 0, the command 
was not aborted. 


- 
Reserved 
(0 in the 32·bit Segmented 
and Linear modes). 


- 
The transmit 
command: 
4h. 


- 
Late collision. 
A late collision 
(a collision 
after the slot time is elapsed) 
is detected. 


- 
No Carrier 
Sense 
signal 
during 
transmission. 
Carrier 
Sense 
signal 
is monitored 
from the end of Preamble transmission 
until the end of the Frame Check Sequence 
for TONOCRS = 1 (Transmit 
On No Carrier Sense mode) it indicates 
that transrnis- 


sion 
has been 
executed 
despite 
a lack 
of CRS. 
For TONOCRS = 0 (Ethernet 
mode), 
this 
bit also 
indicates 
unsuccessful 
transmission 
(transmission 
stopped 
when lack of Carrier Sense has been detected). 


- 
Transmission 
unsuccessful 
(stopped) 
due to Loss of CTS. 


- 
Transmission 
unsuccessful 
(stopped) 
due to DMA Underrun; 
i.e., the system 
did 
not supply data for transmission. 


- 
Transmission 
Deferred, 
i.e., transmission 
was not immediate 
due to previous 
link 
activity. 


- 
Heartbeat 
Indicator, 
Indicates 
that after a previously 
performed 
transmission, 
and 
before 
the most recently 
performed 
transmission, 
(Interframe 
Spacing) 
the CDT 
signal was monitored 
as active. This indicates 
that the Ethernet 
Transceiver 
Colli- 
sion 
Detect 
logic is performing 
properly. 
The 
Heartbeat 
is monitored 
during 
the 
Interframe 
Spacing 
period. 


- 
Transmission 
attempt 
was stopped 
because the number of collisions 
exceeded 
the 
maximum 
allowable 
number of retries. 


- 
The number of Collisions 
experienced 
during this frame. Max Col = 0 plus S5 = 1 
indicates 
16 collisions. 


- 
As per standard 
Command 
Block (see the NOP Command 
for details) 


- 
In the 82586 and 32·bit Segmented 
modes this is the offset 
of the first Tx Buffer 


Descriptor 
containing 
the data to be transmitted. 
In the Linear mode this is the 32· 
bit address of the first Tx Buffer Descriptor 
on the list. If the TBD POINTER 
is all 1s 
it indicates 
that no TBD is used. 


- 
Contains 
the Destination 
Address 
of the frame. The least significant 
bit (MC) indi- 


cates the address 
type. 


MC = 0: Individual 
Address. 


MC = 1: Multicast 
or Broadcast 
Address. 


If the Destination 
Address 
bits are all 1s this is a Broadcast 
Address. 


- 
The contents 
of this 2·byte field are user defined. 
In 802.3 it contains 
the length of 
the data field. It is placed 
in memory 
in the same order it is transmitted; 
i.e., most 
significant 
byte first, least significant 
byte second. 


- 
This 14·bit counter 
indicates 
the number of bytes that will be transmitted 
from the 
Transmit 
Command 
Block, starting 
from the third byte after the TCB COUNT 
field 
(address n+ 12 in the 32·bit Segmented 
mode, N+ 16 in the Linear 
mode). The 
TCB COUNT field can be any number of bytes (including 
an odd byte), this allows 
the user to transmit 
a frame 
with a header 
having an odd number 
of bytes. The 
TCB COUNT field is not used in the 82586 
mode. 


- 
Indicates 
that the whole 
frame 
is kept in the Transmit 
Command 
Block. 
In the 
Simplified 
memory 
model it must be always asserted. 
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The interpretation 
of what is transmitted 
depends 
on the No Source Address 
insertion 
configuration 
bit and the 
memory 
model being used. 


NOTES 


1. The Destination 
Address 
and the Length 
Field are sequential. 
The Length 
Field immediately 
follows 
the 
most significant 
byte of the Destination 
Address. 


2. In case the 82596 
is configured 
with 
No Source 
Address 
insertion 
bit equal 
to 0, the 82596 
inserts 
its 
configured 
Source 
Address 
in the transmitted 
frame. 


• 
In the 82586 mode, or when the Simplified 
memory 
model is used, the Destination 
and Length fields of the 
transmitted 
frame are taken from the Transmit 
Command 
Block. 


• 
If the FLEXIBLE 
memory 
model is used, the Destination 
and Length fields of the transmitted 
frame can be 
found either in the TCB or TBD, depef'1ding on the TCB COUNT. 


3. If the 82596 is configured 
with the Address/Length 
Field Location 
equal to 1, the 82596 does not insert its 
configured 
Source 
Address 
in the transmitted 
frame. 
The first (2 x Address 
Length) + 2 bytes 
of the 
transmitted 
frame are interpreted 
as Destination 
Address, 
Source 
Address, 
and Length fields respectively. 


The location 
of the first transmitted 
byte depends 
on the operational 
mode of the 82596: 


• 
In the 82586 
mode, it is always the first byte of the first Tx Buffer. 


• 
In both the 32-bit Segmented 
and Linear modes 
it depends 
on the SF bit and TCB COUNT: 


- 
In the Simplified 
memory 
mode the first transmitted 
byte is always the third byte after the TCB COUNT 
field. 


- 
In the Flexible 
mode, if the TCB COUNT 
is greater than 0 then it is the third byte after the TCB COUNT 
field. If TCB COUNT equals 0 then it is first byte of the first Tx Buffer. 


• 
Transmit 
frames 
shorter 
than six bytes are invalid. The transmission 
will be aborted 
(only in 82586 
mode) 
because 
of a DMA Underrun. 


4. Frames 
which 
are aborted 
during transmission 
are jammed. 
Such an interruption 
of transmission 
can be 
caused 
by any reason 
indicated 
by any of the status bits 8, 9, 10 and 12. 


Jamming Rules 


1. Jamming 
will not start before completion 
of preamble 
transmission. 


2. Collisions 
detected 
during transmission 
of the last 11 bits will not result in jamming. 


The format 
of a Transmit 
Buffer Descriptor 
is: 


82586 Mode 
31 
ODD WORD 
1615 
13 
EVEN WORD 
0 


NEXT TBD OFFSET 
IEOFI 
X I 
SIZE (ACT COUNT) 
0 


X 
X 
X 
X 
X 
X 
X xl 
TRANSMIT 
BUFFER 
ADDRESS 
4 


32-Bit Segmented 
Mode 
31 
ODD WORD 
1615 
13 
EVEN WORD 
, 
0 


NEXT TBD OFFSET 
IEOFI 
0 I 
SIZE (ACT COUNT) 
0 


TRANSMIT 
BUFFER 
ADDRESS 
- 
4 


Linear Mode 
31 
ODD WORD 
1615 
13 
EVEN WORD 
0 


0 
0 
0 
0 
0 
0 
0 
010 
0 
0 
0 
0 
0 
0 
o IEOFI 
0 I 
SIZE (ACT COUNT) 
0 


NEXT TBD ADDRESS 
4 


TRANSMIT 
BUFFER 
ADDRESS 
8 


Figure 31 
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where: 


EOF 
- 
This bit indicates 
that this TBD is the last one associated 
with the frame 
being 
transmitted. 
It is set by the CPU before transmit. 


SIZE (ACT COUNT) 
- 
This 
14-bit quantity 
specifies 
the 
number 
of bytes 
that 
hold 
information 
for the 
current 
buffer. 
It is set by the CPU before transmission. 


NEXT TBD ADDRESS 
- 
In the 82586 and 32-bit Segmented 
modes, 
it is the offset 
of the next TBD on the 
list. In the Linear mode this is the 32-bit address 
of the next TBD on the list. It is 
meaningless 
if EOF = 1. 


BUFFER 
ADDRESS 
- 
The starting 
address 
of tha memory 
area that contains 
the data to be sent. In the 
82586 mode, this is a 24-bit address 
(A31-A24 
are considered 
to be zero). In the 
32-bit Segmented 
and Linear modes this is a 32-bit address. 


TOR 


This operation 
activates 
Time Domain 
Reflectomet, 
which is a mechanism 
to detect 
open or short circuits 
on 
the link and their distance 
from the diagnosing 
station. 
The TOR command 
has no parameters. 
The TOR 
transmit 
sequence 
was changed, 
compared 
to the 82586, to form a regular transmission. 
The TOR bit stream 


is as follows. 


- 
Preamble 


- 
Source 
address 


- 
Another 
Source 
address 
(the TOR frame 
is transmitted 
back to the sending 
station, 
so DEST ADR = SRC ADR). 


- 
Data field containing 
7Eh patterns. 


- 
Jam Pattern, which 
is the inverse 
CRC of the transmitted 
frame. 


Maximum 
length of the TOR frame is 2048 bits. If the 82596 senses collision 
while transmitting 
the TOR frame 
it transmits 
the jam pattern 
and stops the transmission. 
The 82596 then triggers 
an internal 
timer (STC); the 
timer 
is reset at the beginning 
of transmission 
and reset 
if CRS is returned. 
The timer 
measures 
the time 
elapsed from the start of transmission 
until an echo is returned. The echo is indicated 
by Collision 
Detect going 
active or a drop in the Carrier Sense signal. The following 
table lists the possible 
cases that the 82596 is able 
to analyze. 


Transceiver 
Type 
Ethernet 
Non Ethernet 
Condition 


Carrier Sense was inactive for 2048-bit-time 
Short or Open on the 
NA 
periods 
Transceiver 
Cable 


Carrier Sense signal dropped 
Short on the Ethernet 
cable 
NA 


Collision 
Detect went active 
Open on the Ethernet 
cable 
Open on the Serial Link 


The Carrier Sense Signal did not drop or the 
No Problem 
No Problem 
Collision 
Detect did not go active within 
2048-bit 
time period 


Conditions 
of TOR as Interpreted 
by the 82596 


An Ethernet 
transceiver 
is defined 
as one that returns transmitted 
data on the receive 
pair and activates 
the 
Carrier Sense Signal while transmitting. 
A Non-Ethernet 
Transceiver 
is defined 
as one that does not do so. 
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The format 
of the Time Domain 
Reflectometer 
command 
is: 


82586 and 32-Bit Segmented 
Modes 


31 
ODD WORD 
1615 
EVEN WORD 
0 


EL 
S 
I 
X 
X 
X 
X 
X 
X 
X 
X 
X 
XI1 
o 
1 
cl 
S IOKI 0 
0 
000 
0 
0 
0 
o 
0 
0 
0 
0 


LNK XVR 
ET 
ETrl x I 
TIME 
A15 
LINK OFFSET 
AO 
OK 
PRS OPN SRT 
(11 bits) 


Linear Mode 
31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S 1I 
10 
0 
0 
0 
0 
0 
0 
0 
0 
011 
0 
1 le 
S IOKI 
0 
0 
0 
0 
000 
0 
0 
o 
0 
0 
0 


A31 
LINK ADDRESS 
AO 


000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 
0 I LNK I XVR I 
ET I 
ET I x I 
TIME 
OK 
PRS 
OPN 
- SRT 
(11 bits) 


where: 


LINK ADDRESS, 
EL, B, C,I, S 


A 


Bits 19-28 


CMD (Bits 16-18) 


TIME 


LNK OK (Bit 15) 


XCVR PRB (Bit 14) 


ET OPN (Bit 13) 


ET SRT (Bit 12) 


Figure 32. TDR 


- 
As per standard 
Command 
Block (see the NOP command 
for details). 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to CU Abort 
control 
command. 
If one, then the command 
was aborted, 
and if necessary 
it should 
be 
repeated. 
If this bit is zero, the command 
was not aborted. 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear Modes). 


- 
The TDR command. 
Value: 5h. 


- 
An 11-bit field that specifies 
the number of TxC cycles that elapsed 
before an echo 
was observed. 
No echo 
is indicated 
by a reception 
consisting 
of "1 s" only. 
Be- 
cause the network 
contains 
various 
elements 
such as transceiver 
links, transceiv- 


ers, Ethernet, 
repeaters 
etc., the TIME is not exactly 
proportional 
to the problems 
distance. 


- 
No link problem 
identified. 
TIME=7FFh. 


- 
Indicates 
a Transceiver 
problem. 
Carrier Sense was inactive for 2048-bit 
time peri- 


od. LNK OK=O. 
TIME=7FFh. 


- 
The transmission 
line is not properly 
terminated. 
Collision 
Detect 
went active 
and 
LNK OK=O. 


- 
There is a short circuit on the transmission 
line. Carrier Sense Signal dropped 
and 
LNK OK=O. 
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DUMP 


This command 
causes the contents 
of various 82596 registers 
to be placed in a memory area specified 
by the 
user. It is supplied 
as a 82596 self-diagnostic 
tool, and to provide 
registers 
of interest 
to the user. The format 
of the DUMP command 
is: 
' 


82586 and 32-Bit Segmented 
Modes 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S 11 
I X 
x 
x 
x 
x 
x 
x 
x 
x 
X 11 
1 
01 
c I B IOKI 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


A15 
BUFFER 
OFFSET 
AoIA15 
LINK OFFSET 
AO 


Linear Mode 
31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S 11 
I X 
x 
x 
x 
x 
X 
X 
X 
X 
X 11 
1 
01 c I B IOKI 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


A31 
LINK ADDRESS 
AO 


A31 
BUFFER 
ADDRESS 
AO 


Figure 33. Dump 


where: 


LINK ADDRESS, 
EL, B, C,I,S 


OK 


Bits 19-28 


CMD (Bits 16-18) 


BUFFER 
POINTER 


- 
As per standard 
Command 
Block (see the NOP command 
for details), 


- 
Indicates 
error free completion, 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear Modes), 


- 
The Dump command, 
Value: 6h. 


- 
In the 82586 
and 32-bit Segmented 
modes 
this is the ts-blt-ottset 
portion 
of the 
dump area address. 
In the Linear mode this is the 32-bit linear address of the dump 
area. 
. 


Dump Area Information 
Format 


• 
The 82596 
is not Dump compatible 
with the 82586 
because 
of the 32-bit 
internal 
architecture. 
In 82586 
mode the 82596 will dump the same number 
of bytes as the 82586. The compatible 
data will be marked 
with an asterisk. 


• 
In 82586 
mode the dump area is 170 bytes. 


• 
The DUMP area format 
of the 32-bit Segmented 
and Linear modes 
is described 
in Figure 35. 


• 
The size of the dump area of the 32-bit Segmented 
and Linear modes 
is 304 bytes. 


• 
When the Dump is executed 
by the Port command 
an extra word will be appended 
to the Dump Area. The 
extra word is a copy of the Dump Area status word (containing 
the C, B, and OK Bits). The C and OK Bits 
are set when the 82596 
has completed 
the Port Dump command. 
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15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


DMA CONTROL 
REGISTER 
00 


CONFIGURE 
BYTES' 
3, 2 
02 
'The 
82596 
is not 
Dump 
compatible 
w~h 


CONFIGURE 
BYTES' 
5, 4 
04 
the 82586 
because 
of the 32-bit 
internal 
ar- 


CONFIGURE 
BYTES' 
7,6 
06 
chitecture. 
In 
82586 
mode 
the 
82596 
will 
dump 
the 
same 
number 
of 
bytes 
as 
the 
CON FIGURE 
BYTES' 
9, 8 
08 
82586. 


CONFIGURE 
BYTES' 
10 
OA 
"These 
bytes 
are 
not 
user 
defined, 
results 


LA. BYTES 
" 
0' 
OC 
may 
vary 
from 
Dump 
command 
to 
Dump 
command. 
LA. BYTES 
3, 2' 
OE 


LA. BYTES 
5, 4' 
10 


LAST T.X. STATUS' 
12 


T.X. CRC BYTES 
" 
0' 
14 


T.X. GRG BYTES 
3, 2' 
16 


R.X. CRC BYTES 
" 
0' 
18 


R.X. CRC BYTES 
3, 2' 
lA 


R.X. TEMP 
MEMORY 
" 
0' 
lC 


R.X. TEMP 
MEMORY 
3, 2' 
lE 


R.X. TEMP 
MEMORY 
5, 4' 
20 


LAST RECEIVED 
STATUS' 
22 


HASH 
REGISTER 
BYTES 
" 
0' 
24 


HASH 
REGISTER 
BYTES 
3, 2' 
26 


HASH 
REGISTER 
BYTES 
5, 4' 
28 


HASH 
REGISTER 
BYTES 
7, 6' 
2A 


SLOT TIME COUNTER' 
2C 


WAIT TIME COUNTER' 
2E 


MICRO 
MACHINE" 
30 


REGISTER 
FILE 


60 BYTES 
6A 


MICRO 
MACHINE 
LFSR" 
6C 


MICRO 
MACHINE" 
6E 


FLAG ARRAY 


14 BYTES 
7A 


QUEUE 
MEMORY" 
7C 


CUPORT 
8 BYTES 
82 


MICRO 
MACHINE 
ALU" 
84 


RESERVED" 
86 


M.M. TEMP 
A ROTATE 
R" 
88 


M.M. TEMP A" 
8A 


T.X. DMA BYTE COUNT" 
8C 


M.M. INPUT 
PORT ADDRESS" 
8E 


, 


T.X. DMA ADDRESS 
90 


M.M. OUTPUT 
PORT" 
92 


R.X. DMA BYTE COUNT" 
94 


R.U. DMA ADDRESS" 
96 


M.M. OUTPUT 
PORT ADDRESS 
REGISTER" 
98 


RESERVED" 
9A 


BUS THROTILE 
TIMERS 
9C 


DIU CONTROL 
REGISTER" 
9E 


RESERVED" 
AO 


DMA CONTROL 
REGISTER" 
A2 


BIU CONTROL 
REGISTER" 
A4 


M.M. DISPATCHER 
REG." 
A6 


M.M. STATUS 
REGISTER" 
A8 


Figure 34. Dump Area Format-82586 
Mode 
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31 
0 


CONFIGURE 
BYTES 
5, 4, 3, 2 
00 


CON FIGURE 
BYTES 
9,8,7,6 
04 


CONFIGURE 
BYTES 
13, 12, 11, 10 
08 


I.A. BYTES 
1, 0 
X 
X 
X 
X 
X 
X 
X 
X 
OC 


I.A. BYTES 
5, 2 
10 


TX CRC BYTES 
0, 1 
LAST T.X. STATUS 
14 


RX CRC BYTES 
0, 1 
TX CRC BYTES 
3, 2 
18 


RX TEMP 
MEMORY 
1, 0 
RX CRC BYTES 
3, 2 
1C 


R.X. TEMP 
MEMORY 
5, 2 
20 


HASH 
REGISTERS 
1, 0 
LAST R.X. STATUS 
24 


HASH 
REGISTER 
BYTES 
5, 2 
28 


SLOT TIME COUNTER 
HASH 
REGISTERS 
7, 6 
2C 


RECEIVE 
FRAME 
LENGTH 
WAIT-TIME 
COUNTER 
30 


MICRO 
MACHINE" 
34 
'The 
82596 
is n01 Dump 
compa1ible 
with 


the 82586 
because 
of the 32-bit 
internal 
ar- 


REGISTER 
FILE 
chitecture. 
In 82586 
mode 
the 
82596 
will 


dump 
the 
same 
number 
of 
bytes 
as 
the 


82586. 
128 BYTES 
BO 
"These 
bytes 
are 
not 
user 
defined, 
results 


MICRO 
MACHINE 
LFSR" 
B4 
may 
vary 
fro,,! 
Dump 
command 
to 
Dump 


command. 


MICRO 
MACHINE" 
B8 


FLAG ARRAY 


28 BYTES 
DO 


M.M. INPUT PORT" 


D4 


16 BYTES 
EO 


MICRO 
MACHINE 
ALU" 
E4 


RESERVED" 
E8 


M.M. TEMP 
A ROTATE 
R." 
EC 


M.M. TEMP 
A" 
FO 


r.x DMA BYTE COUNT" 
F4 


M.M, INPUT 
PORT ADDRESS 
REGISTER" 
F8 


T.X. DMA ADDRESS" 


, 


FC 


M.M. OUTPUT 
PORT 
REGISTER" 
100 


R.X. DMA BYTE COUNT" 
104 


M.M. OUTPUT 
PORT ADDR'ESS 
REGISTER" 
108 


R.X. DMA ADDRESS 
REGISTER" 
10C 


RESERVED" 
110 


BUS THROTILE 
TIMERS 
114 


DIU CONTROL 
REGISTER" 
118 


RESERVED" 
11C 


DMA CONTROL 
REGISTER" 
120 


BIU CONTROL 
REGISTER" 
124 


M,M. DISPATCHER 
REG," 
128 


M.M. STATUS 
REGISTER" 
12C 


Figure 35. Dump Area Format-Linear 
a~d 32-Blt Segmented 
Mode 
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Diagnose 


The Diagnose 
Command 
triggers 
an internal 
self-test 
procedure 
that checks 
internal 
82596 
hardware, 
which 
includes: 


• 
Exponential 
Backoff 
Random 
Number 
Generator 
(Linear Feedback 
C:hift Register). 


• 
Exponential 
Backoff 
Timeout 
Counter. 


• 
Slot Time Period Counter. 


• 
Collision 
Number Counter. 


• 
Exponential 
Backoff 
Shift Register. 


• 
Exponential 
Backoff 
Mask Logic. 


• 
Timer Trigger 
Logic. 


This procedure 
checks 
the operation 
of the Backoff 
block, which 
resides 
in the serial side and is not easily 
controlled. 
The Diagnose 
command 
is performed 
in two phases. 


The format 
of the 82596 
Diagnose 
command 
is: 


82586 and 32·Blt Segmented 
Modes 
ODD WORD 
16 15 
EVEN WORD 


000 
0 
0 
0 
0 
0 
0 
0 


x 
x 
x 
x 
x 
x 
x 
x 
X 
1 
1 
C 
B OK 0 
F 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
A15 
LINK OFFSET 


ODD WORD 
EVEN WORD 
o 
0 
0 
0 
0 
0 
0 
0 


Figure 36. Diagnose 


where: 


LINK ADDRESS, 
EL, B, C, I, S 


Bits 19-28 


CMD (bits 16-18) 


OK (bit 13) 


F (bit 11) 


- 
As per standard 
Command 
Block (see the NOP command 
for details). 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear Modes). 


- 
The Diagnose 
command. 
Value: 7h. 


- 
Indicates 
error free completion. 


- 
Indicates 
that the self-test 
procedure 
has failed. 
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RECEIVE 
FRAME DESCRIPTOR 


Each received trameIs 
described 
by one 
Receive 
Frame 
Descriptor 
(see 
Figure 
37). Two 
new 
memory 
structures 
are available 
for the received 
frames. 
The structures 
are available 
only in the Linear 
and 32-bit 


Segmented 
modes. 


Simplified Memory Structure 


The first is the Simplified 
memory 
structure, 
the data section 
of the received 
frame is part of the RFD and is 
located 
immediately 
after the Length Field. Receive 
Buffer Descriptors 
are not used with the Simplified 
struc- 
ture, it is primarily 
used to make programming 
easier. If the length of the data area described 
in the Size Field 


is smaller 
than the incoming 
frame, the following 
happens. 


1. The received 
frame 
is truncated. 


2. The No Resource 
error counter 
is updated. 


3. If the 82596 is configured 
to Save Bad Frames the RFD is not reused; otherwise, 
the same RFD is used to 
hold the next received 
frame, 
and the only action 
taken 
regarding 
the truncated 
frame 
is to update 
the 
counter. 
4. The 82596 
continues 
to receive 
the next frame in the next RFD. 


L 
SCB 
t 
RECEIVE FRAtoIE AREA 
- ... 
RFD 1 


RFA 
STATUS 
STATUS .r 
STATUS lJ 


STATUS tr 


POINTER 
I 
- 
- 
- 
STATISTICS 
- 
r-- 
- 
TO 


COtoltolAND 
RECEIVE 
VALID 
EtoIPTY 
EtoIPTY 
EtoIPTY 


BLOCK 
FRAtoIE 
PARAtoIETERS 


LIST 
DESCRIPTORS 
L 


RBDl 
RBD2 
I 
RBDJ 
RBD. 
RBDS 
01 ACT-cnt LJ 


1 I ACT-cnt r 
01 ACT-cnt .r 01 ACT-cnt lr 
01 ACT-cnt lr 
- 
.- 
- 
- 
- 
RECEIVE 
BUFFER 
DESCRIPTORS 
, 
, 
, 
, 
, 


~ 
.i, 


~ 
~ 
~ 


RECEIVE 
VALID 
VALID 


BUFFERS 
DATA 
DATA 
- 
'--- 
- 
---- 
- 
BUFFER 
1 
BUFFER 2 
BUFFER J 
BUFFER. 
BUFFER S 


_ 
RECEIVE FRAtoIE LIST 
FREE FRAtoIE LIST 


290218-15 


Figure 37. The Receive 
Frame Area 
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Note 
that this sequence 
is very useful 
for monitoring. 
If the 82596 
is configured 
to Save 
Bad Frames, 
to 
receive in Promiscuous 
mode, and to use the Simplified 
memory structure, 
any programmed 
length of received 
data can be saved in memory. 


The Simplified 
memory 
structure 
is shown 
in Figure 38. 


~ 
I 
11 


SCB 


STATUS f 
TO 
COMMAND 
LIST 


CBl 
4 


l 


RECEIVE 
fRAIoIE 
AREA 
~ 


POINTER 


RfA -, 
fDl 
fe2 
fD3 
fD4 
POINTER 
STATUS 
I 


STATUS tr 


STATUS r 


STATUS lJ: 
STATiSTICS 
- 
- 
- 
I 
BUS 
I 
I 
THROTIlE 
I 
I 
I 
._-----_. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
RECEIVE 
VARIABLE 
I 
I 
I 
I 
I 
I 
fRAIoIE 
DATA 
I 
EIoIPTY 
I 
I 
EIo4PTY 
I 
I 
EMPTY 
I 


DESCRIPTORS 
fiELD 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
..-----. 
..----_ . 
._----_ . 
I 
I 
'+-- RECEIVE 
fRAME 
LIST 
~'4 
fREE 
fRAIoIE 
LIST 
11' 
I 
I 
I 


I 
, 


290218-16 


Figure 38. RFA Simplified 
Memory 
Structure 


Flexible Memory Structure 


The second 
structure 
is the Flexible 
memory 
structure, 
the data structure 
of the received 
frame 
is stored 
in 
both the RFD and in a linked list of Receive 
Buffers-Receive 
Buffer Descriptors. 
The received 
frame is placed 
in the RFD as configured 
in the Size field. Any remaining 
data is placed 
in a linked list of RBDs. 


The Flexible 
memory 
structure 
is shown 
in Figure 39. 
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SCB S TO COWWAND LIST 
STATUS 
4 
_ 
RECEIVE FRAWE AREA 
r 
~I 
CBL 
I 
POINTER 
FD, 
FD2 
FD3 
FD. 
I 


RFA 
STATUS 
STATUS LJ 


STATUS r 


STATUS If: 
POINTER 
I 
- 
- 
- 
STATISTICS 
I 
- 
- 


I 
r-- 
I- 
I 
BUS 
I 
I 
I 
THROTTLE 
I 
CONTROL 
I 
I 
I 
I 
I 
I 
I 
I 
I 
._-----_. 
FIELD 
I 
I 
I 
I 
I 
I 


VARIABLE 
I 
I 
I 
I 
I 
I 
RECEIVE 
I 
EWPTY 
I 
I 
EWPTY 
I 
I 
EWPTY 
I 
FRAtoIE 
DATA 
I 
I 
I 
I 
I 
I 


DESCRIPTORS 
FIELD 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
._----_. 
._----_ . 
..----_ . 


L 


RBD' 
RBD2 
I 
RBD3 
RBD. 
RBD5 
S 
it 
T 
lJ 
U: 
- 
- 
- 


. , - 
- 


RECEIVE 


--- 


BUFFER 
T 
T 
T 
T 
T 
DESCRIPTORS 


~ 
J..- 
J..- 
J..- 
J..- 


VALID 
EWPTY 
EWPTY 
EWPTY 
RECEIVE 
DATA 


BUFFERS 
""-- 
- 
""-- 
- 
""-- 


BUfFER' 
BUFFER 2 
BUFFER 
3 
BUFFER. 
BUFFER 
5 
:+-- RECEIVE FRAWE LIST 
_:4 
FREE FRAWE LIST 
..: 


290218-17 


Figure 39. RFA Flexible Memory 
Structure 


Buffers on the receive side can be different lengths. The 8259"6 will not place more bytes into a buffer than 
indicated in the associated RBD. The 82596 
will fetch the next RBD before it is needed. The 82596 
will 
attempt to receive frames as long as the FBL is not exhausted. If there are no more buffers, the 82596 
Receive Unit will enter the No Resources state. Before starting the RU, the CPU must place the FBL pointer in 
the RBD pointer field of the first RFD. All remaining RBD pointer fields for subsequent RFDs should be "1s." If 
the Receive Frame Descriptor and the associated Receive Buffers are not reused (e.g., the frame is properly 
received or the 82596 is configured to Save Bad Frames), the 82596 writes the address of the next free RBD 
to the RBD pointer field of the next RFD. 


Receive Buffer Descriptor 
(RBD) 


The RBDs are used to store received data in a flexible set of linked buffers. The portion of the frame's data 
field that is outside the RFD is placed in a set of buffers chained by a sequence of RBDs. The RFD points to 
the first RBD, and the last RBD is flagged with an EOF bit set to 1. Each buffer in the linked list of buffers 
related to a particular frame can be any size up to 214 bytes but must be word aligned (begin on an even 
numbered byte). This ensures optimum use of the memory resources while maintaining low overhead. All 
buffers in a frame are filled with the received data except for the last, in which the actual count can be smaller 
than the allocated buffer space. 
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31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S I x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
cl 
B IOKI 
0 I 
STATUS 
BITS 
10 
0 
0 
0 
0 
o 
0 


A15 
RBDOFFSET 
AO A15 
LINK OFFSET 
AO 4 


4th byte 
DESTINATION 
ADDRESS 
1st byte 8 


SOURCE 
ADDRESS 
1st byte 6th byte 
12 


6th byte 
4th byte 
16 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
LENGTH 
FIELD 
20 


Figure 40. Receive 
Frame Descrlptor-82586 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl si 0 
0 
0 
o 
0 
0 
0 
0 
0 
o ISFI 0 
0 
0 
C 
I BloKI 
STATUS 
BITS 
0 


A15 
RBDOFFSET 
AO A15 
LINK OFFSET 
AO 4 


0101 
SIZE 
EOFI 
FI 
ACTUAL 
COUNT 
8 


4th byte 
DESTINATION 
ADDRESS 
tst byte 12 


SOURCE 
ADDRESS 
tst byte 6th byte 
16 


6th byte 
4th byte 
20 


LENGTH 
FIELD 
24 


OPTIONAL 
DATA AREA 


Figure 41. Receive 
Frame Descrlptor-32-Blt 
Segmented 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S 10 
0 
0 
0 
0 
0 
0 
0 
0 
OISFlo 
0 
0 
C 
I BloKI 
STATUS 
BITS 
0 


A31 
LINK ADDRESS 
A04 


A31 
RECEIVE 
BUFFER 
DESCRIPTOR 
ADDRESS 
AO 8 


0101 
SIZE 
EOFI F I 
ACTUAL 
COUNT 
12 


4th byte 
DESTINATION 
ADDRESS 
tst byte 16 


SOURCE 
ADDRESS 
1st byte 
6th byte 
20 


6th byte 
..' 
.. 
4th byte 
24 


LENGTH 
FIELD 
28 


OPTIONAL 
DATA AREA 


Figure 42. Receive 
Frame Descrlptor-Llnear 
Mode 
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where: 


EL 
S 


SF 


C 


B 


OK (bit 13) 


STATUS 


LINK ADDRESS 


RBDPOINTER 


EOF 
F 


SIZE 
ACT COUNT 


MC 


DESTINATION 
ADDRESS 


SOURCE ADDRESS 


LENGTH 
FIELD 


- 
When set, this bit indicates 
that this RFD is the last one on the RDL. 


- 
When set, this bit suspends 
the RU after receiving 
the frame. 


- 
This bit selects 
between 
the Simplified 
or the Flexible 
mode. 


0- 
Simplified 
mode, 
all the RX data is in the RFD. RBD ADDRESS 
field 
is all 
"1s." 


1 - 
Flexible 
mode. 
Data is in the RFD and in a linked 
list of Receive 
Buffer 
De- 
scriptors. 


- 
This bit indicates 
the completion 
of frame 
reception. 
It is set by the 82596. 


- 
This bit indicates 
that the 82596 is currently 
receiving 
this frame, or that the 82596 
is ready to receive the frame. 
It is initially set to 0 by the CPU. The 82596 sets it to 
1 when reception 
set up begins, and to 0 upon completion. 
The C and B bits are 
set during the same operation. 


- 
Frame received 
successfully, 
without 
errors. RFDs with bit 13 equal to O are possi- 
ble only 
if the save 
bad frames, 
configuration 
option 
is selected. 
Otherwise 
all 
frames 
with errors will be discarded, 
although 
statistics 
will be collected 
on them. 


- 
The results of the Receive 
operation. 
Defined 
bits are, 


Bit 12: 
Length error if configured 
to check 
length 


Bit 11: 
CRC error in an aligned 
frame 


Bit 10: 
Alignment 
error (CRC error in misaligned 
frame) 


Bit 9: 
Ran out of buffer space-no 
resources 


Bit 8: 
DMA Overrun 
failure to acquire 
the system 
bus. 


Bit 7: 
Frame too short. 


Bit 6: 
No EOP flag (for Bit stuffing 
only) 


Bit 5: 
When the SF bit equals zero, and the 82596 
is configured 
to save bad 
frames, this bit signals that the receive frame was truncated. 
Otherwise 
it 
is zero. 


Bits 2-4: 
Zeros 


Bit 1: 
When it is zero, the destination 
address 
of the received 
frame 
matches 
the lA address. 
When 
it is a 1, the destination 
address 
of the received 
frame 
did not match 
the individual 
address. 
For example, 
a multicast 
address 
or broadcast 
address 
will set this bit to a 1. 


Bit 0: 
Receive 
collision, 
a collision 
is detected 
during reception. 


- 
A 16-bit 
offset 
(32-bit 
address 
in the 
Linear 
mode) 
to the next 
Receive 
Frame 
Descriptor. 
The Link Address 
of the last frame can be used to form a cyclical 
list. 


- 
The offset 
(address 
in the Linear mode) 
of the first RBD containing 
the received 
frame data. An RBD pointer 
of all ones indicates 
no RBD. 


- 
These fields are for the Simplified 
and Flexible 
memory 
models. 
They are exactly 
the same as the respective 
fields 
in the Receive 
Buffer 
Descriptor. 
See the next 
section 
for detailed 
explanation 
of their functions. 


- 
Multicast 
bit. 


- 
The contents 
of the destination 
address 
of the receive 
frame. 
The field is 0 to 6 
bytes long. 


- 
The contents 
of the Source 
Address 
field of the received 
frame. 
It is 0 to 6 bytes 
long. 


- 
The contents 
of this 2-byte field are user defined. 
In 802.3 it contains 
the length of 
the data field. 
It is placed 
in memory 
in the same order 
it is received, 
i.e., most 
significant 
byte first, least significant 
byte second. 
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NOTES' 
1. The Destination 
address, 
Source 
address 
and Length fields are packed, 
i.e., one field immediately 
follows 
the next. 
. 


2. The affect 
of Address/Length 
Location 
(No Source 
Address 
Insertion) 
configuration 
parameter 
while 
re- 
ceiving 
is as follows: 


- 
82586 
Mode: The Destination 
address, 
Source 
address 
and Length field are not used, they are placed 
in 
the RX data buffers. 


- 
32-Bit Segmented 
and Linear Modes: when the Simplified 
memory 
model is used, the Destination 
address, 


Source 
address 
and Length fields reside in their respective 
fields in the RFD. When the Flexible 
memory 
strucrture 
is used the Destination 
address, 
Source address, 
and Length field locations 
depend 
on the SIZE 
field of the RFD. They can be placed in the RFD, in the RX data buffers, or partially in the RFD and the rest 
in the RX data buffers, 
depending 
on the SIZE field value. 


82586 Mode 


31 
ODD WORD 
1615 
EVEN WORD 
a 


A15 
NEXT RBD OFFSET 
AalEOFI 
F I 
ACTUAL 
COUNT 
a 


x 
x 
x 
x 
x 
x 
x 
X IA23 
RECEIVE 
BUFFER 
ADDRESS 
Aa 4 


x 
X 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x I Ell 
x I 
SIZE 
8 


32-Bit Segmented 
Mode 
31 
ODD WORD 
1615 
EVEN WORD 
a 


A15 
I" 
NEXT RBD OFFSEl 
AOIEOFI 
F I 
ACTUAL 
COUNT 
a 


A31 
RECEIVE 
BUFFER 
ADDRESS 
Aa 4 


a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a I Ell 
pi 
SIZE 
8 


Linear Mode 
31 
ODD WORD 
1615 
EY.EN WORD 
a 


a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a IEOFI 
F I 
ACTUAL 
COUNT 
a 


A31 
NEXT RBD ADDRESS 
Aa 4 


A31 
RECEIVE 
BUFFER 
ADDRESS 
Aa 8 


a 
a 
a 
0 
0 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a I Ell 
pi 
SIZE 


Figure 43. Receive 
Buffer Descriptor 
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where: 


EOF 
- 
Indicates 
that this is the last buffer 
related 
to the frame. 
It is cleared 
by the CPU 
before starting 
the RU, and is written 
by the 82596 
at the end of reception 
of the 
frame. 


F 
- 
Indicates 
that this buffer has already been used. The Actual Count has no meaning 
unless the F bit equals one. This bit is cleared 
by the CPU before starting 
the RU, 
and is set by the 82596 after the associated 
buffer has been. This bit has the same 
meaning 
as the Complete 
bit in the RFD and CB. 


ACT COUNT 
- 
This. 14·bit quantity 
indicates 
the number 
of meaningful 
bytes 
in the buffer. 
It is 
cleared 
by the CPU before 
starting 
the RU, and is written 
by the 82596 
after the 
associated 
buffer 
has already 
been used. 
In general, 
after the buffer 
is full, the 
Actual 
Count value equals the size field of the same buffer. 
For the last buffer 
of 
the frame, Actual 
Count can be less than the buffer size. 


NEXT BD ADDRESS 
- 
The offset 
(absolute 
address 
in the Linear mode) of the next RBD on the list. It is 
meaningless 
if EL = 1. 


BUFFER ADDRESS 
- 
The starting 
address 
of the memory 
area that contains 
the received 
data. In the 
82586 
mode, this is a 24·bit address 
(with pins A24-A31 
= 0). In the 32·bit Seg· 
mented 
and Linear modes this is a 32·bit address. 


EL 
- 
Indicates 
that the buffer associated 
with this RBD is last in the FBL. 


P 
- 
This bit indicates 
that the 82596 has already prefetched 
the RBDs and any change 
in the RBD data will be ignored. 
This bit is valid only in the new 82596 
memory 
modes, 
and 
if this 
feature 
has been 
enabled 
during 
configure 
command. 
The 
82596 Prefetches 
the RBDs in locked cycles; after prefetching 
the RBD the 82596 
performs 
a write cycle where the P bit is set to one and the rest of the data remains 
unchanged. 
The CPU is responsible 
for resetting 
it in all RBDs. The 82596 will not 
check this bit before 
setting 
it. 


SIZE 
- 
This 14·bit quantity 
indicates 
the size, in bytes, of the associated 
buffer. This quan- 
tity must be an even number. 
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ELECTRICAL 
AND TIMING 
CHARACTERISTICS 


DC Characteristics 


Tc = 0°C-85°C, 
vcc = 5V ± 10% LE/BE 
have MOS levels 
(see VMIL, VMIH). 


All other signals have TIL 
levels (see VIL, VIH, VOL, VOH). 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


VIL 
Input Low Voltage 
(TIL) 
-0.3 
+0.8 
·V 


VIH 
Input High Voltage 
(TIL) 
2.0 
vcc + 0.3 " f~ 
V 


VMIL 
Input Low Voltage (MOS) 
-0.3 
~+0.8~ 
V 


VMIH 
Input High Voltage 
(MOS) 
3.7 
vcc J!b. 3 
V 


VOL 
Output Low Voltage 
(TIL) 
~ 
.t'\.0.~' 
V 
IOL = 4.0 mA(1) 


VCIL 
RXC, TXC Input Low Voltage 
" 1••• ~-0.5Cl 
"'<0:6 
V 


VCIH 
RXC, TXC Input High VOlt~Q~ 
~~ 
V'cc+0.5 
V 


VOH 
Output High Voltage 
(TIL)" 
I.~A~ 
V 
IOH = 0.9mA-1 
mA(1) 


III 
Input Leakage Current 
~ 
±15 
/-LA 
o s: VIN s: vcc 


ILO 
Output Leakage Currel),t , 
..,. 


±15 
/-LA 
0.45 < VOUT < vcc 


CIN 
Capacitance 
of Inp,u(Sjiffer 
10 
pF 
FC = 1 MHz 


Co UT 
Capacitance 
of Input/Output 
12 
pF 
FC = 1 MHz 
Buffer 


CCLK 
CLK Capacitance 
20 
pF 
FC = 1 MHz 


Icc 
Power Supply 
200 
mA 
At 25 MHz 


tee 
Power Supply 
300 
mA 
At 33 MHz 
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AC Characteristics 


82596CA 
INPUT IOUTPUT 
SYSTEM 
TIMINGS 


Tc = 0·C-85·C, 
vcc = 5V ± 10%. These 
timing 
assume 
the CL on all outputs 
is 50 pF unless 
otherwise 
specified. 
CL can be 20 pF to 120 pF however 
timings 
must be derated. 
All timing requirements 
are given in 
nanoseconds. 


25MHz 
Symbol 
Parameter 
Notes 
Mln 
Max 


Operating 
Frequency 
12.5 MHz 
25MHz 
1X ClK 
Input 


T1 
ClK 
Period 
40 
80 


T1a 
ClK 
Period Stability 
0.1% 
Adjacent 
ClK 
11 


T2 
ClK 
High 
I 
14 
2.0V 


T3 
ClK 
low 
14 


Yf(.. 
0.8V 


T4 
ClK 
Rise Time 
4 
0.8V to 2.0V 


T5 
ClKFallTime 
~[, 
4 
2.0Vto 
0.8V 


T6 
BEn, lOCK, 
and A2-A31 
Valid Delay 
3 
22 


T6a 
BLAST, PCHK Valid Delay 
3 
27 
~ 


T7 
BEn, toc«. BLAST, A2-A31 
Float Delay 
3 
30 


T8 
WIR and ADS Valid Delay 
.•. 
<' 
3 
22 


T9 
WIR and ADS Float Delay 
3 
30 


T10 
DO-D31, 
DPn Write Data Valid Delay 
.'+ 
3 
22 


T11 
DO-D31, 
DPn Write"bala 
Float Delay 
"16+ 
3 
30 


T12 
HOLD Valid Delay 
3 
22 


T13 
CA and BREQ Setup Time 
" m)~ 
7 
1,2 


T14 
CA and BREQ Hold Time 
_,"''\V 
3 
1,2 


T15 
BS16 Setup Time 
~~ 
8 
2 


T16 
BS16 Hold Time 
3 
2 


T17 
BRDY, RDYSetup 
Time 
8 
2 


T18 
BRDY. -m:w Hold Time 
3 
2 


T19 
DO-D31, 
DPn READ Setup Time 
5 
2 


T20 
DO- D31, DPn READ Hold Time 
3 
2 


T21 
AHOlD 
and HlDA 
Setup Time 
10 
1,2 


T22 
AHOlD 
Hold Time 
3 
1,2 


T22a 
HlDA 
Hold Time 
3 
1,2 


T23 
RESET Setup Time 
10 
1,2 


T24 
RESET Hold Time 
3 
1,2 


T25 
INT liNT 
Valid Delay 
1 
26 


T26 
CA and BREQ, PORT Pulse Width 
2 T1 
1,2,3 


T27 
DO-D31 
CPU PORT Access 
Setup Time 
5 
2 


T28 
DO-D31 
CPU PORT Access 
Hold Time 
3 
2 


T29 
PORT Setup Time 
7 
2 


T30 
PORT Hold Time 
3 
2 


T31 
BOFF Setup Time 
10 
2 


T32 
BOFF Hold Time 
3 
2 
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AC Characteristics 
(Continued) 


82596CA 
INPUT/OUTPUT 
SYSTEM 
TIMINGS 


Tc = 0·C-85·C, 
vcc = 5V ± 5%. These 
timing 
assume 
the CL on all outputs 
is 50 pF unless 
otherwise 
specified. 
CL can be 20 pF to 120 pF, however 
timings 
must be derated. 
All timing requirements 
are given in 
nanoseconds 


33MHz 
Symbol 
Parameter' 
Notes 
Mln 
~ax 


Operating 
Frequency 
12.5 MHz 
33MHt 
1X ClK 
Input 


T1 
ClK 
Period 
30 
BO 


T1a 
ClK 
Period Stability 
0.1% 
Adjacent 
ClK 
t:. 


T2 
ClK 
High 
,. 
I~ 
11 
2.0V 


T3 
ClK 
low 
. 
11 
0.8V 
. 


T4 
ClK 
Rise Time 
('.\ 
."'..., 
3 
0.8V to 2.0V 


T5 
ClK 
Fall Time 
~ 
v 


3 
2.0V to 0.8V 


T6 
BEn, lOCK, 
and A2-A31 
Valid Delay 
3 
19 


T6a 
BLAST, PCHK Valid Delay 
3 
22 


T7 
BEn, lOCK, 
BLAST, A2-A31 
Float Delay 
3 
20 


T8 
W/R and ADS Valid Delay 
3 
19 


T9 
W/R and ADS Float Delay 
3 
20 
c 


T10 
DO-D31, 
DPn Write Data Valid Delay 
3 
19 


T11 
DO-D31, 
DPn Write Data Float Delay 
3 
20 


T12 
HOLD Valid Delay 
3 
19 


T13 
CA and BREQ Setup Time 
7 
1,2 


T14 
CA and BREQ Hold Time 
3 
1,2 


T15 
BS16 Se"tup Time 
6 
2 


T16 
BS16 Hold Time 
3 
2 


T17 
BRDY, RDY Setup Time 
6 
2 


T18 
BRDY, RDY Hold Time 
3 
2 


T19 
DO-D31, 
DPn READ Setup Time 
5 
2 


T20 
DO-D31, 
DPn READ Hold Time 
3 
2 


T21 
AHOlD 
and HlDA 
Setup Time 
8 
1,2 


T22 
AHOlD 
Hold Time 
3 


; 
1,2 
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AC Characteristics 
(Continued) 


82596CA 
INPUT IOUTPUT 
SYSTEM 
TIMINGS 


CL on all outputs is 50 pF unless otherwise specified. 
All timing requirements are given in nanoseconds. 


,.-< 
33MHz 
Symbol 
Parameter 
~YMin 
Notes 
Max 


T22a 
HLOA Hold Time 
r 
.~ 
3 
1,2 


T23 
RESETSetup Time 
)t,,;;"'r 
• ~r- 
8 
1,2 


T24 
RESET Hold Time 
A~'" 
_,,"'~~ 
3 
1,2 


T25 
INT/INTValid Oelay ~. 
_V~~ 
1 
20 


T26 
CA and BREQ,~llulse~ld~ 
;:o'~ 
2T1 
1,2,3 


T27 
00-031 
CPU~ 
Acc~s~!pp 
Time 
5 
2 


T28 
00 
031 CPU PO A"'~C~ 
Mold Time 
3 
2 


T29 
PORT Setup Ti~ 
.t;".""" 
7 
2 


T30 
PORT HoIWme' 
3 
2 


T31 
BOFF~~~ime 
, 
8 
2 


T32 
BOFF Hold TIme 
3 
2 


NOTES: 
1. RESET, 
HLDA, and CA are internally 
synchronized. 
This timing is to guarantee 
recognition 
at next clock for RESET, 
HLDA 
. 


and CA. 
2. All set-up, 
hold and delay timings 
are at maximum 
frequency 
specification 
Fmax, and must be derated 
according 
to the 
following 
equation 
for operation 
at lower frequencies: 


Tderated 
= (Fmax/Fopr) 
x T 
where: 
Tderate 
= Specifies 
the value to derate 
the specification. 


Fmax = Maximum 
operating 
frequency. 


Fopr = Actual 
operating 
frequency. 
T = Specification 
at maximum 
frequency. 
This 
calculation 
only 
provides 
a rough 
estimate 
for derating 
the frequency. 
For more 
detailed 
information, 
contact 
your 
Intel Sales Office 
for the data sheet supplement. 


3. CA pulse width 
need only be 1 T1 wide if the set up and hold times 
are met; BREQ 
must meet setup and hold times 
and 
need only be 1 T1 wide. 


TRANSMIT 
IRECEIVE 
CLOCK 
PARAMETERS 


Symbol 
Parameter 
.•420MHz 
Notes 


.6lifn 
Max 


T36 
TxCCycle 
-~ 
,.~~ 
50 
1,3 


T38 
TxC Rise Time 
J' 
i~· 
5 
1 


T39 
TxC Fall Time 
,,~ 
.. ,.,..,.( 
5 
1 


T40 
TxC High Time 
$' 
.V~~ 
19 
1,3 


T41 
TxCLowTime 
~~V 
.n~-I<:.!."'''' 
18 
1,3 


T42 
TxO Rise Time 
t)~ 
~__«r 


10 
4 


T43 
TxOFallTime 
A~V •.O' 
10 
4 


T44 
TxO Transition 
<~~v4.V 
20 
2,4 
T45 
TxC Low to TxO)v.:aifCt 
25 
4,6 
T46 
TxC Low to r,e)rransition 
25 
2,4 
T47 
TxC High to TXOTransition 
25 
2,4 
T48 
TxC Low to TxO High (At End of Transition) 
25 
4 
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TRANSMIT IRECEIVE 
CLOCK 
PARAMETERS 
(Continued) 


Symbol 
Parameter 
20MHz 
Notes 
Mln 
Max 


RTS AND CTS PARAMETERS 


T49 
TxC Low to RTS Low, 
25 
5 
Time to Activate 
RTS 
r 


T50 
CTS Low to TxC Low, CTS Setup Time 
~~l2..0 


T51 
TxC Low to CfS Invalid, CTS Hold Time 
10 
.~ ,,"'9' 
7 


T52 
TxC Low to RTS High 
~"'I , 


25 
5 


RECEIVE 
CLOCK PARAMETERS 
A...c..;:,;, 
C'1 


T53 
RXCCycle 
~~~ 
;So 
1,3 


T54 
RXC Rise Time 
~V 
,. 
~ 
5 
1 


T55 
RXCFallTime 
'"'~" 
"if 
-~.., 
5 
1 


T56 
RXC High Time 
~' 
- 
y~ 
~ 
19 
, 1 


T57 
RXCLowTime 
~ 
~v 
~~,<~~ 
18 
1 


RECEIVED 
DATA PARAMET~ 
~~ 
~..., 


T58 
RXD Setup 1iin~ 
~ ~~,.., 20 
6 


T59 
RXD HoldT~e 
~y,£)~ 
10 
6 


T60 
RXD Rise TimA 
" 
,~~'V 
< 
10 


T61 
RXDFaIlTJ~} 
~. 
10 


CRS AND CDT PARA~~TERS 


T62 
CD 
~toTXCHIGH 
20 
Ext9l}lal 
Collision 
Detect Setup Time 


T63 
'D(C High to COT Inactive, COT Hold Time 
10 


T64 
COT Low to Jam Start 
10 


T65 
CRS Low to TXC High, 
20 
Carrier Sense Setup Time 


T66 
TXC High to CRS Inactive, CRS Hold Time 
10 
(Internal Collision 
Detect) 


T67 
CRS High to Jamming 
Start, 
12 


T68 
Jamming 
Period 
11 


T69 
CRS High to RXC High, 
30 
CRS Inactive Setup Time 


T70 
RXC High to CRS High, 
10 
CRS Inactive Hold Time 
. 
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TRANSMIT IRECEIVE 
CLOCK 
PARAMETERS 
(Continued) 


Symbol 
Parameter 


INTERFRAME 
SPACING 
PARAMETERS 


T71 
Interframe Delay 


Notes 


9 


EXTERNAL 
LOOPBACK-PIN 
PARAMET~~~-.~~~~--~.-----------,-------------~ 
T72 
TXC Low to LPB~ 
4 


T73 
TXC Low to LP 
~ig 


NOTES: 
~ 


1. Special 
MOS levels. 
Veil 
= 0.9V and VelH = 


2. Manchester 
only. 


3. Manchester. 
Needs 
50% 
duty cycle. 
~. 


4. 1 TTL load + 50 pF. 
:v 


5. 1 TTL load + 100 pF. 
ff) 


6. NRZ only. 
7. Abnormal 
end of transmission-CTS 
expires 
before 
RTS. 
8. Normal 
end to transmission. 


9. Programmable 
value: 


T71 = NIFS. 
T36 
where: 
NIFS = the IFS configuration 
value 
(if NIFS is less than 
12 then 
NIFS is forced 
to 12). 
10. Programmable 
value: 


T64 
= (NeDF. 
T36) + x» T36 
(If the collision 
occurs 
after the preamble) 
where: 
NeDF = the collision 
detect 
filter configuration 
value, 
and 
x= 
12,13, 
14, or 15 
11. T68 
= 32. 
T36 
12. Programmable 
value: 


T67 = (NCSF. 
T36) + x. T36 
where: 
NCSF = the Carrier 
Sense 
Filter configuration 
value, 
and 
x= 
12,13, 
14, or 15 
13. To guarantee 
recognition 
on the next clock. 
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82596CA 
BUS OPERATION 


The following 
figures 
show the 82596CA 
basic bus cycle and basic burst cycle. 


Please refer to the 32-Bit LAN Components 
Manual. 


tlDlE 
T1 
tlDlE 
T2 
T1 
T2 
T1 
T2 
T1 
T2 


ClK 


A31-A2 
8EO-3 
x 
x 
x 
x 


W/R 
\ 
I 
\ 
I 
! 
I 
I 


~ 
~ 
I 
~ 
I 
I 
I 
~ 
I 


I 
I 
I 
I 
chochor 
I 
I 
I 
I 
I 
I 


I Cl '0 
I 


I 
I 


DATA 


READ 
WRITE 
READ 
WRITE 
290216-40 


Figure 44. Basic 82596CA 
Bus Cycle 


IDLE 
T2 
tlDLE 
T1 
T2 
T2 
T2 


ClK 


A31-A2 
W/R 
8EO-3 


~ 
: 
I 
I 
I 
I 


_.;.........JX,--.;.....-; 
----;.........;ct:r=Do...-...;;~ 


_--,--LlJ 
I 
I 
I 
\ 
c 


DATA 


290216-41 


Figure 45. Basic 82596CA 
Burst Cycle 
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SYSTEM 
INTERFACE 
A.C. TIMING 
CHARACTERISTICS 


The measurements 
should 
be done at: 


• 
Tc = 0°C-85°C, 
VCC = 5V ± 10%, C = 50 pF unless otherwise 
specified. 


• 
A.C. testing 
inputs are driven at 2.4V for a logic "1" 
and 0.45V for a logic "0". 


• 
Timing 
measurements 
are made at 1.5V for both logic "1" 
and "0". 


• 
Rise and Fall time of inputs and outputs 
signals are measured 
between 
0.8V and 2.0V respectively 
unless 


otherwise 
specified. 


• 
All timings 
are relative to ClK 
crossing 
the 1.5V level. 


• 
All A.C. parameters 
are valid only after 100 ,...sfrom power up. 


2.4V 
~ 
1.5V Test Pointy- 
0.45V --1'\:. 
~ 
290218-18 


290218-19 


Figure 46. ClK 
Timings 


Two types of timing specifications 
are presented 
below: 


1. Input Timing-minimum 
setup and hold times. 


2. Output 
Timings-output 
delays and float times from ClK 
rising edge. 


Figure 47 defines 
how the measurements 
should be done: 


cue 


1.5V 


LEGEND: 
Ts = Input Setup Time 
Th = Input Hold Time 
Tn = Minimum 
output 
delay or Mininum 
float delay 
Tx = Maximum 
output 
delay or Maximum 
float delay 


290218-20 


Figure 47. Drive levels 
and Measurements 
Points for A.C. Specifications 


Ts = T13, T15, T17, T19, T21, T23, T27, T29, T31 
Th = T14, T16, T18, T20, T22, T22a, T24, T28, T30, T32 
Tn 
= T6, T6a, T7, Ta, T9, T10. T11. 
T12. T25 
Tx = T6, T6a, T7, T8, T9, T10, T11, T12, T25 
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INPUT 
WAVEFORMS 


elK 


BREQ 
eA 
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Figure 48. CA and BREQ Input Timing 


290218-22 


elK 
T121 


HOlO 
.....;~ 


BOFF 
....:.. 
_ 


AHOlO 
HlOA ----------' 
'------' 
'---- 
290218-23 


Figure 50. HOLD/HLDA 
Timings 


elK 


031-DQ 
OP3-0PO 


290218-24 


Figure 51. Input 
Setup and Hold Time, 


1-101 


•• 


inter 
82596CA 


CLK ---' 
T6 
I--T60-t-------1 


A31..::A£,BEn, 
' 
",1~It.1AX 
__ 
LOCK (T6) 
VALID n ~ 
n+l 
PCHK,BLAST (T60) 
I- 
. 
I 


_:..I_T_8:1~IMAX 


VALlDn~n+l 


r-T10~MAX 


_____ 
~ID 
DATA 
DP3-DPO 
031-00 
(OUTPUT) 


W/R,ADS 


T1 
T2 
~ 


290218-25 
. 


Figure 52. Output Valid Delay Timing 


ClK 


A31-A2, 
BEn 


lOCK,BlAST 


PCHK 


DP3-DPO 
031-00 
(OUTPUT) 


T7 


MIN 
MAX 


FLOAT 
VALID 
n 


T9 


MIN 
MAX 


FLOAT 
VALID 
n 


Tl1 


MIN 
MAX 


FLOAT 
VALID 
n 
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Figure 53. Output Float Delay Timing 


ClK 


00-031 


Figure 54. PORT Setup and Hold Time 
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SERIAL AC TIMING CHARACTERISTICS 
• 
.--------~~-------, 


82596CA 


RESET 
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Figure 55. RESET Input Timing 


290218-29 


3.0V 


0.9V 


Figure 56. Serial Input Clock Timing 


CTS----------------------~ 


CRS 
TXO 
•••• 
~6!::f:::=T:': 
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HIGH-PERFORMANCE 
32-BIT LOCAL 
AREA NETWORK COPROCESSOR 
• Performs Complete CSMA/CD Medium 
• High-Performance 
32-Bit Bus Master 
Access Control (MAC) Functions- 
Interface 
Independently 
of CPU 
- 
66-MB/s Bus Bandwidth 
-IEEE 
802.3 (EOC) Frame Delimiting 
- 
33-MHz Clock, Two Clocks Per 
- 
HDLC Frame Delimiting 
Transfer 
• Supports Industry Standard LANs 
- 
Bus Throttle Timers 


-IEEE 
TYPE 10BASES (Ethernet*), 
- 
Transfers Data at 100% of Serial 


IEEE TYPE 10BASE2 (Cheapernet), 
Bandwidth 


IEEE TYPE 1BASES (StarLAN), 
-128-Byte 
Receive FIFO, 64-Byte 


and the Proposed Standards 
Transmit FIFO 


TYPE 10BASE-T and 10BASE-F 
• Network Management and Diagnostics 
- 
Proprietary 
CSMA/CD Networks Up 
- 
Monitor Mode 
to 20 Mb/s 
- 
32-Bit Statistical Counters 
• On-Chip Memory Management 
• Self-Test Diagnostics 
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Buffer Chaining 
• Configurable 
Initialization 
Root for Data 
- 
Buffer Reclamation after Receipt of 
Structures 
Bad Frames; Optional Save Bad 
Frames 
• High-Speed, S-V, CHMOS** IV 
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32-Bit Segmented or Linear (Flat) 
Technology 
Memory Addressing 
Formats 
• 132-Pin Plastic Quad Flat Pack (PQFP) 
• 82586 Software Compatible 
and PGA Package 
• Optimized CPU Interface 
(See 
Packaging 
Spe. Order 
No. 231369) 
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Optimized Bus Interface to Intel's 
32-Bit 386™DX and 16-Bit 386TMSX 
and 376TMMicroprocessors 
386TM is a trademark 
of Intel Corporation 
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is a registered 
trademark 
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Corporation. 
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Supports Big Endian and Little 
"CHMOS 
is a patented 
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of Intel Corporation. 
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82596DX/SX 


INTRODUCTION 


The 82596DX/SX is an intelligent, high-performance 
32-bit 
Local 
Area 
Network 
coprocessor. 
The 
82596DX/SX 
implements the CSMAlCD 
access 
method and can be configured to support all exist- 
ing 
IEEE 
802.3 
standards-TYPEs 
10BASE5, 
10BASE2, 1BASE5, and 10BROAD36. It can also be 
used to implement the proposed standards TYPE 
10BASE-T and 10BASE-F. The 82596DX/SX per- 
forms high-level commands, command chaining, 
and 
interprocessor 
communications 
via 
shared 
memory, thus relieving the host CPU of many tasks 
associated with network control. All time-critical 
functions are performed independently of the CPU, 
this increases network performance and efficiency. 
The 82596DX/SX bus interface is optimized for In- 
tel's 386TMDX, 386 SX and 376TMmicroprocessors. 


The 82596DX/SX implements all IEEE 802.3 Medi- 
um Access Control and channel interface functions, 
these include framing, preamble generation and 
stripping, source address generation, destination ad- 
dress checking, short-frame detection, and automat- 
ic length-field handling. Data rates up to 20 Mb/s are 
supported. 


The 82596DX/SX provides a powerful host system 
interface. It manages memory structures automati- 
cally, with command chaining and bidirectional data 
chaining. An on-chip DMA controller manages four 
channels, this allows autonomous transfer of data 
blocks (buffers and frames) and relieves the CPU of 
byte transfer overhead. Buffers containing errored or 
collided frames can be automatically recovered with- 
out CPU intervention. The 82596DX/SX provides an 
upgrade path for existing 82586 software drivers by 
providing an 82586-software-compatible mode that 
supports the current 82586 memory structure. The 
82596DX/SX also has a Flexible memory structure 
and a Simplified memory structure. The 82596DX/ 
SX can address up to 4 gigabytes of memory. The 
82596DX/SX supports Little Endian and Big Endian 
byte ordering. 


The 82596DX/SX 
bus interface is optimized to 
Intel's 386 DX, 386 SX, and 376 microproces- 
sors, providing a bus transfer rate of up to 66 MB/s 
at 33 MHz. The bus interface employs bus throttle 
timers to regulate 82596DX/SX bus use. Two large, 
independent FIFOs-128 
bytes for Receive and 64 
bytes for Transmit-tolerate 
long bus latencies and 
provide programmable thresholds that allow the 
user to optimize bus overhead for any worst-case 
bus latency. 


The 82596DX/SX provides a wide range of diagnos- 
tics and network management functions, these in- 
clude internal and external loopback, exception con- 
dition tallies, channel activity indicators, optional 
capture of all frames regardless of destination ad- 
dress 
(promiscuous mode), optional 
capture 
of 
errored or collided frames, and time domain reflec- 
tometry for locating fault points on the network 
cable. The statistical counters, in 32-bit segmented 
and linear modes, are 32-bits each and include 
CRC errors, alignment errors, overrun errors, re- 
source errors, short 
frames, and received col- 
lisions. The 82596DX/SX also features a monitor 
mode for 
network 
analysis. 
In this 
mode 
the 
82596DX/SX can capture status bytes, and update 
statistical counters, of frames monitored on the link 
without transferring the contents of the frames to 
memory. This can be done concurrently while trans- 
mitting and receiving frames destined for that sta- 
tion. 


The 82596DX/SX can be used in both baseband 
and broadband networks. It can be configured for 
maximum network efficiency (minimum contention 
overhead) with networks of any length. Its highly 
flexible 
CSMAlCD 
unit 
supports 
address 
field 
lengths of zero through six bytes-configurable 
to 
either IEEE 802.3/Ethernet or HDLC frame delimita- 
tion. It also supports 16- or 32-bit cyclic redundancy 
checks. The CRC can be transferred directly to 
memory for receive, operations or dynamically in- 
serted for transmit operations. The CSMAlCD unit 
can also be configured for full duplex operation for 
high throughput in point-to-point connections. 


The 82596DX/SX is fabricated with Intel's reliable, 
5-V, CHMOS IV technology. It is available in a 132- 
pin PQFP or PGA package. 
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Figure 2a. 82596DX 
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82596DX 
PGA Cross Reference 
by Pin Name 


Address 
Data 
Control 
Serial 
NIC 
Vcc 
Vss 
Interface 


Signal 
Pin No. 
Signal 
Pin No. 
Signal 
Pin No. 
Signal 
Pin No. 
Pin No. 
Pin No. 
Pin No. 


A2 
N9 
00 
J2 
AOS 
M5 
COT 
A13 
K3 
B6 
A6 
A3 
M9 
01 
H3 
BEO 
M7 
CRS 
A14 
L1 
B7 
A7 
A4 
M10 
02 
G2 
BE1 
P5 
CTS 
C11 
L2 
B10 
A8 
A5 
P11 
03 
G3 
BE2 
M8 
LPBK 
A12 
L3 
E2 
A10 
A6 
N11 
04 
G1 
BE3 
P9 
RTS 
C10 
N2 
E13 
C13 
A7 
P12 
05 
01 
BREQ 
P4 
RxC 
B11 
P1 
F2 
E1 
A8 
M11 
06 
C1 
BS16 
N1 
RxO 
B12 
G13 
E14 
A9 
N12 
07 
F3 
CA 
P3 
TxC 
C12 
H2 
F1 
A10 
M12 
08 
02 
CLK2 
J3 
TxO 
A11 
H13 
G14 
A11 
P13 
09 
C2 
HLOA 
M6 
J13 
H1 
A12 
L12 
010 
E3 
HOLO 
P2 
K2 
H14 
A13 
N13 
011 
03 
INT/INT 
N3 
L13 
J1 
A14 
M13 . 
012 
B2 
LE/BE 
M4 
M1 
J14 
A15 
P14 
013 
B1 
LOCK 
M3 
N5 
K1 
A16 
K12 
014 
C3 
PORT 
B13 
N6 
L14 
A17 
N14 
015 
A1 
REAOY 
N04 
N7 
N5 
A18 
J12 
016 
B3 
RESET 
M2 
, 
N8 
P6 
A19 
K13 
017 
C4 
W/R 
B14 
N10 
P7 
A20 
M14 
018 
A2 
P8 
A21 
H12 
019 
C5 
P10 
A22 
K14 
020 
A3 
A23 
G12 
021 
B4 
A24 
F14 
022 
A4 
A25 
F12 
023 
C6 
A26 
F13 
024 
B5 
A27 
014 
025 
C7 
A28 
E12 
026 
A5 
A29 
013 
027 
B8 
A30 
012 
·028 
C8 
A31 
C14 
029 
A9 
030 
C9 
031 
B9 
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o 
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01 
0 
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o 
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o 
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o 
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011 
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o 


05 
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Yss 
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o 
o 
o 
o 


o 


o 


NC 
o 
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Vee 
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o 


o 


o 


NC 
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NC 
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o 


Vee 
o 


o 


NC 


o 
o 


04 
Yss 
Vss 
Vss 


o 


NC 
o 


NC 
o 
NC 
o 
NC 
o 


NC 
o 


o 


08 
Vee 
Vcco 
o 
o 


o 


NC 
READY 
INT 
o 


o 


lOCK 
o 
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o 


HlOA 
Vee 
Yss 
000 


BlE 
Vcc 
Vss 
o 
Al 
o 


A3 
o 


A4 


12 
0 
0 
0 
0 
0 
00 
0 
0 
0 
0 
0 
0 
lPBK 
RxO 
TxC 
A30 
A28 
A25 
A23 
A21 
A18 
A16 
A12 
Al0 
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o 


A8 


015 
013 


02 
0 


NC 
012 


03 
0 


NC 
o 


NC 


05 
o 


NC 


o 


Yss 
o 
A31 


o 
o 


o 


02 
Vee 
DO 


o 
A19 
o 
A22 


o 


Vcc 
o 


Vss 


o 
A14 
o 


A20 


o 
W/Il 
o 


Vee 
o 


o 


Vee 
Yss 
o 


A2 
o 


Vcc 
Yss 
o 


A6 


o 
A13 
o 
A17 


Ne 
o 


o 


CA 
o 


BREQ 
o 


BHE 
o 


o 


o 


BON 
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AS 
o 
A7 
o 
All 
o 
A15 


06 
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Yss 
Ycc 


07 
0 
0 


Vss 
Ycc 


08 
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Yss 
NC 


09 
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NC 


10 
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Yss 
Vee 
RTS 


11 
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RxC 
CTS 


13 
o 
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Figure 3b. 82596SX 
PGA Pin View Side 
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82596DX/SX 


82596SX PGA Cross Reference by Pin Name 


Address 
Data 
Control 
Serial 
NIC 
Vcc 
Vss 
Interface 


Signal 
Pin No. 
Signal 
Pin No. 
Signal 
Pin No. 
Signal 
Pin No. 
Pin No. 
Pin No. 
Pin No. 


A2 
N9 
Do 
J2 
ADS 
M5 
CDT 
A13 
A2 
B6 
A6 
A3 
M9 
Dl 
H3 
BLE 
M7 
CRS 
A14 
A3 
B7 
A7 
A4 
M10 
D2 
G2 
BHE 
P5 
CTS 
C11 
A4 
B10 
A8 
A5 
P11 
D3 _ 
G3 
BON 
P9, 
LPBK 
A12 
A5 
E2 
A10 
A6 
N11 
D4 
G1 
BREQ 
P4 
RTS 
C10 
A9 
E13 
C13 
A7 
P12 
D5 
D1 
CA 
P3 
RxC 
B11 
B3 
F2 
E1 
A8 
M11 
D6 
C1 
CLK2 
J3 
RxD 
B12 
B4 
G13 
E14 
A9 
N12 
D7 
F3 
HLDA 
M6 
TxC 
C12 
B5 
H2 
F1 
AlO 
M12 
D8 
D2 
HOLD 
P2 
TxD 
A11 
B8 
H13 
G14 
An 
- P13 
D9 
C2 
INT/INT N3 
B9. 
J13 
H1 
A12 
L12 
DlO 
E3 
LE/BE 
B14 
C4 
K2 
H14 
A13 
N13 
D11 
D3 
LOCK 
M4 
C5' 
L13 
J1 
A14 
M13 
D12 
B2 
PORT 
M2 
C6 
M1 
J14 
A15 
P14 
D13 
B1 
RDY 
M3 (READY) 
C7 
N5 
K1 
A16 
K12 
D14 
C3 
RESET 
B13 
ca 
N6 
L14 
A17 
N14 
D15 
A1 
W/R 
N04 
C9 
N7 
N1 
A18 
J12 
K3 
N8 
P6 
A19 
K13 
L1 
N10 
P7 
A20 
M14 
L2 
P8 
A21 
H12 
L3 
P10 
A22 
K14 
N2 
A23 
G12 
P1 
A24 
F14 
A25 
F12 
- 


A26 
F13 
A27 
D14 
A28 
E12 
A29 
D13 
A30 
D12 
. 


A31 
C14 
, 
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- 
. 
t:'\t:'\r=n 
nnn"n" 
r.\ r=tfV7 
These lines are inputs during a CPU Port access; in this mode the CPU 
writes the next address to the 82596 through the Oata lines. Ouring 
PORT commands 
(Relocatable 
SCP, Self-Test, 
and Oump) the 


I, 
address 
must be aligned to a 16 byte boundary. 
This frees the 03-00 
lines so they can be used to distinguish 
the commands. 
The following 
is a summary of the decoding 
data. 


DO 
D1 
D2 
D3 
D4-D31 
Function 


0 
0 
0 
0 
0000 
Reset 
0 
1 
0 
0 
AOOR 
Relocatable 
SCP 
1 
0 
0 
0 
AOOR 
Self-Test 
1 
1 
0 
0 
AOOR 
Oump Command 


(015-00) 
These 16 Oata Bus lines are bidirectional, 
tri-state 
lines that provide 
the entire data path for the 82596SX. 
In the 82596SX 
016-031 
are 
not connected 
(NC). 


A31-A2 
70-108 
0 
ADDRESS 
LINES. These 30 tri-stated 
Address 
lines output the 
address bits required for memory operation. 
These lines are floated 
after a Reset or when the bus is not acquired. 


A1 
112 
0 
The 82596SX 
requires this additional 
address 
line to output the 
address bits required for memory operation. 


BE3-BEO 
109-114 
0 
BYTE ENABLE. 
(825960X 
only.) These tri-stated 
signals are used to 
indicate which bytes are involved with the current memory access. The 
number of Byte Enable signals asserted 
indicates 
the physical 
size of 
the data being transferred 
(1, 2, 3, or 4 bytes). 
• BEO indicates 
00-07 
• BE1 indicates 
08-015 


.; 
• BE2 indicates 
016-023 
• BE3 indicates 
024-031 
These lines are floated 
after a Reset or when the bus is not acquired. 


BHE, BLE 
109-114 
0 
(82596SX 
only.) These signals are the Byte High Enable and Byte Low 
Enable signals for the 82596SX. 


BON 
109 
0 
BUS ON. (82596SX 
only.) This signal is driven high when the 82596 is 
holding the bus. This signal is tri-stated 
when the bus is relinquished. 


BON has the same timing as the Byte Enables. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
PQFP 
Type 
Name and Function 
Pin No. 


W/R 
120 
0 
WRITE/READ. 
This dual-function 
pin is used to distinguish 
Write and 
Read cycles. This line is floated after a Reset or when the bus is not 
acquired. 


ADS 
124 
0 
ADDRESS 
STATUS. This tri-state 
pin is used by the 82596 to indicate 
that a valid bus cycle has begun and that A31-A2, 
BE3-BEO, 
and 
W/R are being driven. It is asserted 
during t1 bus states. This line is 
floated 
after a Reset or when the bus is not acquired. 


RDY 
130 
I 
READY. Active low. This signal is the acknowledgment 
from 
addressed 
memory that the transfer cycle can be completed. 
When 
high, it causes wait states to be inserted. 
It is ignored at the end of the 
first clock of the bus cycle's 
data cycle. This active-Iow 
signal does not 


have an internal pull-up resistor. This signal must meet the setup and 
hold times to operate correctly. 


LOCK 
126 
0 
LOCK. This tri-state 
pin is used to distinguish 
locked and unlocked 
bus 


cycles. LOCK generates 
a semaphore 
handshake 
to the CPU. LOCK 
can be active for several memory cycles, it goes active during the first 
locked memory cycle (t1) and goes inactive at the last locked cycle 
(t2). This line is floated 
after a Reset or when the bus is not acquired. 


LOCK can be disabled via the sysbus byte in software. 


BS16 
129 
I 
BUS SIZE. This signal allows the 82596DX 
to work with either 16- or 


32-bit bytes. This signal is static and should be tied high for 32-bit 
operation 
or low for 16-bit operation. 
In Little Endian mode the 00- 
015 lines are driven when BS16 is inserted, 
in Big Endian mode the 
016-031 
lines are driven. 


HOLD 
123 
0 
HOLD. The HOLD signal is active high, the 82596 uses it to request 
local bus mastership. 
In normal operation 
HOLD goes inactive 
before 
HLDA. The 82596 can be forced off the bus by deasserting 
HLDA or if 


the bus throttle 
timers expire. 


HLDA 
118 
I 
HOLD ACKNOWLEDGE. 
The HLDA signal is active high, it indicates 
that bus mastership 
has been given to the 82596. HLDA is internally 
synchronized; 
after HOLD is detected 
low, the CPU drives HLDA low. 


L 
NOTE 
Do not connect 
HLDA to Vcc-it 
will cause a deadlock. 
A user wanting 


to give the 82596 permanent 
access to the bus should connect 
HLDA 
to HOLD. If HLDA goes inactive before HOLD, the 82596 will release 
the bus (by deasserting 
HOLD) within a specified 
number of system 
clocks. 


BREQ 
115 
I 
BUS REQUEST. 
This signal, when configured 
to an externally 
activated 
mode, is used to trigger the bus throttle 
timers. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
PQFP 
Type 
Name and Function 
Pin No. 


PORT 
3 
I 
PORT. When this signal is received, 
the 82596 latches the data on the 
data bus into an internal 32-bit register. When the CPU is asserting 
this 
signal it can write into the 82596 (via the data bus). This pin must be 
activated 
twice during all CPU Port access commands. 


RESET 
69 
I 
RESET. This active high, internally 
synchronized 
signal causes the 
82596 to terminate 
current activity. The signal must be high for at least 
five system clock cycles. After five system clock cycles and four TxC 
clock cycles the 82596 will execute a Rese~ when it receives 
a high 
RESET signal. When RESET returns to low, the 82596 waits for the 
first CA signal and then begins the initialization 
sequence. 


lE/BE 
65 
I 
LITTLE ENDIAN/BIG 
ENDIAN. This dual-function 
pin is used to 
select byte ordering. 
When lE/BE 
is high, little endian byte ordering 
is 
used; when low, big endian byte ordering 
is used for data in frames 
(bytes) and for control 
(SCB, RFD, CBl, 
etc.). 


CA 
119 
I 
CHANNEL 
ATTENTION. 
The CPU uses this pin to force the 82596 to 
begin executing 
memory resident Command 
blocks. The CA signal is 
internally 
synchronized. 
The signal must be high for at least one 
system clock. It is latched internally 
on the high to low edge and then 
detected 
by the 82596. 
The first CA after a Reset forces the '82596 into the initialization 


1 
sequence 
beginning 
at location 
00FFFFF6h 
or an SCP address written 
to the 82596 using CPU Port access. All subsequent 
CA signals cause 
the 82596 to begin executing 
new command 
sequences 
from the SCB. 


INT/INT 
125 
0 
INTERRUPT. 
A high signal on this pin notifies the CPU that the 82596 
is requesting 
an interrupt. This signal is an edge triggered 
interrupt 
signal, and can be configured 
to be active high or low. 


Vcc 
18 Pins 
POWER. + 5V ± 10%. 


Vss 
18 Pins 
GROUND.OV. 


TxD 
54 
0 
TRANSMIT 
DATA. This pin transmits 
data to the sertal link. It is high 
when not transmitting. 


TxC 
64 
I 
TRANSMIT 
CLOCK. This signal provides the fundamental 
timing for 
the serial subsystem. 
The clock is also used to transmit 
data 
synchronously 
on the TxD pin. For NRZ encoding. 
data is transferred 
to the TxD pin on the high to low clock transition. 
For Manchester 
encoding, 
the transmitted 
bit center is aligned with the low to high 
transition. 
Transmit 
clock should always be running for proper device 
operation. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
PQFP 
Type 
Name and Function 
Pin No. 


LPBK 
58 
0 
LOOPBACK. 
This TTL-Ievel 
control 
signal enables the loopback 
mode. In this mode serial data on the TxD input is routed through the 
82C501 internal circuits and back to the RxD output without 
driving the 
transceiver 
cable. To enable this signal, both internal and external 
loopback 
need to be set with the Configure 
command. 


RxD 
60 
I 
RECEIVE 
DATA. This pin receives 
NRZ serial data only. It must be 
high when not receiving. 


RxC 
59 
I 
RECEIVE 
CLOCK. This signal provides 
timing information 
to the 
internal shifting logic. For NRZ data the state of the RxD pin is 
sampled 
on the high to low transition 
of the clock. 


RTS 
57 
0 
REQUEST 
TO SEND. When this signal is low the 82596 informs the 
external 
interface 
that it has data to transmit. 
It is forced 
high after a 
Reset or when transmission 
is stopped. 


CTS 
62 
I 
CLEAR TO SEND. An active-Iow 
signal that enables the 82596 to 
send data. It is normally 
used as an interface 
handshake 
to RTS. 
Asserting 
CTS high stops transmission. 
CTS is internally 
synchronized. 


If CTS goes inactive, 
meeting the setup time to the TxC negative 
edge, 


the transmission 
will stop and RTS will go inactive within, at most, two 


. TxC cycles. 


CRS 
63 
I 
CARRIER 
SENSE. This signal is active low, it is used to notify the 
82596 that traffic is on the serial link. It is only used if the 82596 is 
configured 
for external Carrier Sense. In this configuration 
external 
circuitry is required for detecting 
traffic on the serial link. CRS is 
internally 
synchronized. 
To be accepted, 
the signal must remain active 
for at least two serial clock cycles (for CRSF =0). 


CDT 
61 
I 
COLLISION 
DETECT. 
This active-Iow 
signal informs the 82596 that a 
collision 
has occurred. 
It is only used if the 82596 is configured 
for 
external 
Collision 
Detect. 
External circuitry is required for collision 
detection. 
CDT is internally 
synchronized. 
To be accepted, 
the signal 
must remain active for at least two serial clock cycles (for CDTF = 0). 
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82596 AND HOST CPU INTERACTION 


The 82596DX/SX and the host CPU communicate 
through shared memory. Because of its on-chip' 
DMA capability, the 82596 can make data block 
transfers (buffers and frames) independently of the 
CPU; this greatly reduces the CPU byte transfer 
overhead. 


NOTE: 
The 82596DX and 82596SX differ in their address 
pin definitions and their data bus sizes. Information 
in this data sheet applies to both versions unless 
otherwise stated. 


The 82596 is a multitasking coprocessor that com- 
prises two independent logical units-the 
Command 
Unit (CU) and the Receive Unit (RU). The CU exe- 
cutes commands from shared memory. The RU han- 
dles all activities related to frame reception. The in- 
dependence of the CU and RU enables the 82596 to 
engage in both activities simultaneously-the 
CU 
can fetch and execute commands from memory 
while the RU is storing received frames in memory. 
The CPU is only involved with this process after the 
CU has executed a sequence of commands or the 
RU has finished storing a sequence of frames. 


'The CPU and the 82596 use the hardware signals 
Interrupt (INT) and Channel Attention (CA) to initiate 
communication 
with 
the 
System Control 
Block 
(SCB),see Figure 4. The 82596 uses INT to alert the 
CPU of a change in the contents of the SCB, the 
CPU uses CA to alert the 82596. 


The 82596 has a CPU Port Access state that allows 
the CPU to execute certain functions without ac- 
cessing memory. The 82596 PORT pin and data bus 
pins are used to enable this feature. The CPU .c~n 
directly activate four operations when the 82596 ISIn 
this state. 
• Write an alternative System Configuration Pointer 
(SCP).This can be used when the 82596 cannot 
use the default SCP address space. 


• Write a different Dump Command Pointer and ex- 
ecute Dump. This can be used for troubleshoot- 
ing No Response problems. 


• The CPU can reset the 82596 via software with- 
out disturbing the rest of the system. 


• A self-test can be used for board testing; the 
82596 will execute a self-test and write the re- 
sults to memory. 


82596 BUS INTERFACE 


The 82596DX/SX has bus interface timings and pin 
definitions that are compatible with Intel's 32-bit 386 
DX, 386 SX, and 376 microprocessors. This elimi- 
nates the need for additional bus interface logic. Op- 
erating at 33 MHz, the 82596's bus bandwidth ~an 
be as high as 66 MB/s. Since Ethernet only requires 
1.25 MB/s, this leaves a considerable amount of 
bandwidth for the CPU. The 82596 also has a bus 
throttle to regulate its use of the bus. Two timers can 
be programmed through the SCB: one controls the 
maximum time the 82596 can remain on the bus, the 
other controls the time the 82596 must stay off the 
bus (see Figure 5). The bus throttle can be pro- 
grammed to trigger internally with HLDA or external- 
ly with BREQ. These timers can restrict the 82596 
HOLD activation time and improve bus utilization. 


82596 MEMORY 
ADDRESSING 


The 82596 has a 32-bit memory address range, 
which allows addressing up to four gigabytes of 
memory. The 82596 has three memory addressing 
modes (see Table 1). 
• 82586 Mode. The 82596 has a 24-bit memory 
address range. The System Control Block, Com- 
mand List, Receive Descriptor List, and Buffer 
Descriptors must reside in one 64-kB memory 
segment. Transmit and Receive buffers can re- 
side in a 24-bit address space. 
• 32-Bit Segmented Mode. The 82596 has a 32- 
bit memory address range. The System Control 
Block, Command List, Receive Descriptor List, 
and Buffer Descriptorsmust reside in one 64-kB 
memory segment. Transmit and Receive buffers 
can reside in a 32-bit address space. 


• Linear Mode. The 82596 has a 32-bit memory 
address range. Any memory structure can reside 
anywhere within the 
32-bit 
memory address 
range. 
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Figure 
4. 82596 and Host CPU Intervention 
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Figure 
5. Bus Throttle 
Timers 


Table 
1.82596 
Memory 
Addressing 
Formats 


Operation 
Mode 


Pointer 
or Offset 
82586 
32·Blt 
Linear 
Segmented 


ISCP ADDRESS 
24-Bit Linear 
32·Bit Linear 
32-Bit Linear 


SCBADDRESS 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Command 
Block Pointers 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Rx Frame Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset(16) 
32-Bit Linear 


Tx Frame Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset(16) 
32-Bit Linear 


Rx Buffer Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset (16) 
32-Bit Linear 


Tx Buffer Descriptors 
Base (24) + Offset (16) 
Base (32) + Offset(16) 
32-Bit Linear 


Rx Buffers 
24-Bit Linear 
32-Bit Linear 
32·Bit Linear 


Tx Buffers 
24-Bit Linear 
32·Bit Linear 
32-Bit Linear 
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The Shared Memory structure consists of four parts: 
the Initialization Root, the System Control Block, the 
Command list, and the Receive Frame Area (see 
Figure 6). 


The Initialization Root is in an established location 
known to the host CPU and the 82596 (OOFFFFF6h). 
However, the CPU can establish the Initialization 
Root in another location by using the CPU Port ac- 
cess. This root is accessed during initialization, and 
points to the System Control Block. 


1__ 
T 
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Figure 6. 82596 Shared Memory 
Structure 


82596 SYSTEM 
MEMORY 
STRUCTURE 
The System Control Block serves as a bidirectional 
mail drop for the host CPU and the 82596 CU and 
RU. It is the central point through which the CPU and 
the 82596 exchange control and status information. 
The SCB has two areas. The first contains instruc- 
tions from the CPU to the 82596. These include: 
control of the CU and RU (Start, Abort, Suspend, 
and Resume), a pointer to the list of CU commands, 
a pointer to the Receive Frame Area, a set of Inter- 
rupt Acknowledge bits, and the T-ON and T-OFF 
timers for the bus throttle. The second area contains 
status information the 82596 is sending to the CPU. 
Such as, the CU and RU states 
(Idle, Active 
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Ready, Suspended, No Receive Resources, etc.), in- 
terrupt bits (Command Completed, Frame Received, 
CU Not Ready, and RU Not Ready), and statistical 
counters. 


The Command List functions as a program for the 
CU; individual commands are placed in memory 
units called Command Blocks (CBs). These CBs 
contain the parameters and status of specific high- 
level commands called Action Commands; e.g., 
Transmit or Configure. 


Transmit causes the 82596 to transmit a frame. The 
Transmit CB contains the destination address, the 
length field, and a pointer to a list of linked buffers 
holding the frame that is to be constructed from sev- 
eral buffers 
scattered 
throughout 
memory. The 
Command Unit operates without CPU intervention; 
the DMA for each buffer, and the prefetching of ref- 
erences to new buffers, is performed in parallel. The 
CPU is notified only after a transmission is complete. 


The Receive Frame Area is a list of Free Frame De- 
scriptors (descriptors not yet used) and a list of user- 
prepared buffers. Frames arrive at the 82596 unso- 
licited; the 82596 must always be ready to receive 
and store them in the Free Frame Area. The Re- 
ceive Unit fills the buffers when it receives frames, 
and reformats the Free Buffer List into received- 
frame structures. The frame structure is, for all prac- 
tical purposes, identical to the format of the frame to 
be transmitted. The first Frame descriptor is refer- 
enced by the SCB. Unless the 82596 is configured 
to Save Bad Frames, the frame descriptor, and the 
associated buffer descriptor, which is wasted when 
a bad frame is received, are automatically reclaimed 
and returned to the Free Buffer List. 


Receive buffer chaining (storing incoming frames in 
a linked buffer list) significantly improves memory 
utilization. Without buffer chaining, the user must al- 
locate consecutive blocks of memory, each capable 
of containing a maximum frame (for Ethernet, 1518 
bytes). Since an average frame is about 200 bytes, 
this is very inefficient. With buffer chaining, the user 
can allocate small buffers and the 82596 will only 
use those that are needed. 


Figure 7 A-D 
illustrates how 'the 82596 uses the 
Receive Frame Area. Figure 7A shows an unused 
Receive Frame Area composed of Free Frame De- 
scriptors and Free Receive Buffers prepared by the 
user. The SCB points to the first Frame Descriptor of 
the Frame Descriptor List. Figure 7B shows the 
same Receive Frame Area after receiving one 
frame. This first frame occupies two Receive Buffers 
and one Frame Descriptor-a 
valid received frame 


will only occupy one Frame Descriptor. After receiv- 
ing this frame the 82596 sets the next Free Frame 
Descriptor RBD pointer to the next Free RBD. Figure 
7C shows the RFA after receiving a second frame. 
In this example the second frame occupies only one 
Receive Buffer and one RFD. The 82596 again sets 
the RBD pointer. This process is repeated again in 
Figure 70, showing the reception of another frame 
using one Receive Buffer; in this example there is an 
extra Frame Descriptor. 


TRANSMIT 
AND RECEIVE 
MEMORY 
STRUCTURES 


There are three memory structures for reception and 
transmission. The 82586 memory structure, the 
Flexible memory structure, and the Simplified memo- 
ry structure. The 82586 mode is selected by config- 
uring the 82596 during initialization. In this mode all 
the 82596 memory structures are compatible with 
the 82586 memory structures. 


When the 82596 is not configured to the 82586 
mode, the other two memory structures, Simplified 
and Flexible, are available for transmitting and re- 
ceiving. These structures can be selected on a 
frame-by-frame basis by setting the S/F 
bit in the 
Transmit Command and the Receive Frame De- 
scriptor (see Figures 29, 30, 41, and 42). The Simpli- 
fied memory structure offers a simple structure for 
ease of programming (see Figure 8). All information 
about a frame is contained in one structure; for ex- 
ample, during reception the RFD and data field are 
contained in one structure. 


The Flexible memory structure (see Figure 9) has a 
control field that allows the programmer to specify 
the amount of receive data the RFD will contain for 
receive operations and the amount of transmit data 
the Transmit Command Block will contain for trans- 
mit operations. For example, when the control field 
in the RFD is set to 20 bytes during a reception, the 
first 20 bytes of the data field are stored in the RFD 
(6 Bytes of Destination Address, 6 Bytes of Source 
Address, 2 Bytes of Length Field, and 6 Bytes of 
Data), and the remainder of the data field is stored in 
the Receive Data Buffers. This is useful for capturing 
frame headers when header information is con- 
tained in the data field. The header information can 
then be automatically stored in the RFD partitioned 
from the Receive Data Buffer. 


The control field can also be used for the Transmit 
Command when the Flexible memory structure is 
used. The quantity of data field bytes to be transmit- 
ted from the Transmit Command Block is specified 
by the variable control field. 
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Figure 7. Frame Reception 
in the RFA 
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Figure 8. Simplified 
Memory 
Structure 
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TRANSMITTING 
FRAMES 


The 82596 executes high-level Action Commands 
from the Command List in system memory. Action 
Commands are fetched and executed in parallel with 
the host CPU operation, thereby significantly improv- 
ing system performance. The format of the Action 
Commands is shown in Figure 10. Figure 28 shows 
the 82586 mode, and Figures 29 and 30 shows the 
command formats of the Linear and 32-bit Segment- 
ed modes. 


A single Transmit command contains, as part of the 
command-specific parameters, the destination ad- 
dress and length field of the transmitted frame and a 
pointer to buffer area in memory containing the data 
portion of the frame. The data field is contained in a 
memory data structure consisting of a buffer de- 
scriptor (BO) and a data buffer-or 
a linked list of 
buffer descriptors and buffers-as 
shown in Figure 
11. 


Multiple data buffers can be chained together using 
the BOs. Thus, a frame with a long data field can be 
transmitted 
using several (shorter) data buffers 
chained together. This chaining technique allows the 
system designer to develop efficient buffer manage- 
ment. 


The 82596 automatically generates the preamble 
(alternating 1s and Os) and start frame delimiter, 
fetches the destination address and length field from 
the Transmit command, inserts its unique address 
as the source address, fetches the data field speci- 
fied by the Transmit command, and computes and 
appends the CRC to the end of the frame (see Fig- 
ure 12). In the Linear and 32-bit Segmented mode 
the CRC can be optionally inserted on a frame-by- 
frame basis by setting the NC bit in the Transmit 
Command Block (see Figures 29 and 30). 


The 82596 can be configured to generate two types 
of start and end frame delimiters-End 
of Carrier 
(EOC)or HOLC.In EOC mode the start frame delimi- 
ter is 10101011 and the end frame delimiter is indi- 
cated by the lack of a signal after the last bit of the 


frame check sequence field has been transmitted. In 
EOC mode the 82596 can be configured to extend 
short frames by adding pad bytes (7Eh) during trans- 
mission, according to the length field. In HOLC mode 
the 82596 will generate the 01111110 flag for the 
start and end frame delimiters, and do standard bit 
stuffing and stripping. Furthermore, the 82596 can 
be configured to pad frames shorter than the speci- 
fied minimum frame length by appending the appro- 
priate number of flags to the end of the frame. 


When a collision occurs, the 82596 manages the 
jam, random wait, and retry processes, reinitializing 
OMA pointers without CPU intervention. Multiple 
frames can be sent by linking the appropriate num- 
ber of Transmit commands together. This is particu- 
larly useful when transmitting a message larger than 
the maximum frame size (1518 bytes for Ethernet). 


CONTROL I COMMAND STATUS 
FIELDS I 
COMMAND 


LINK FIELD 
• f-+ 
(POINTER TO NEXT COMMAND) 


PARAMETER FIELD 
(COMMAND-SPECIFIC 
PARAMETERS) 


NEXT 
COMMAND 
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Figure 10. Action Command 
Format 
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Figure 11. Data Buffer Descriptor 
and 
Data Buffer Structure 
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Descriptors 
make 
up 
a 
Receive 
Descriptor 
List 
(RDL) 
used 
by the 
82596 
to store 
the destination 
and 
source 
addresses, 
the 
length 
field, 
and 
the 
status of each frame 
received 
(see Figure 14). 


Once 
enabled, 
the 
82596 
checks 
each 
passing 
frame 
for an address 
match. 
The 82596 will recog- 
nize its own unique 
address, 
one or more multicast 
addresses, 
or the broadcast 
address. 
If a match 
is 
found 
the 82596 
stores 
the destination 
and source 
addresses 
and the length field in the next available 
RFD. 
It then 
begins 
filling 
the 
next 
available 
Data 
Buffer on the FBL, which is pointed 
to by the current 
RFD, wlth the data portion of the incoming 
frame. As 
one 
Data 
Buffer 
is filled, 
the 
82596 
automatically 
fetches 
the next DB on the FBL until the entire frame 
is received. 
This buffer chaining 
technique 
is particu- 
larly memory 
efficient 
because 
it allows 
the system 
designer 
to 
set 
aside 
buffers 
to fit frames 
much 
shorter than the maximum 
allowable 
frame length. 
If 
AL-LOC 
= 1, or if the flexible 
memory 
structure 
is 
used, the addresses 
and length field can be placed 
in the receive 
buffer. 


Once the entire frame 
is received 
without 
error, the 
82596 does the following 
housekeeping 
tasks. 


• 
The actual count field of the last Buffer 
Descrip- 
tor used to hold the frame just received 
is updat- 
ed with the number of bytes stored in the associ- 
ated Data Buffer. 


• 
The next available 
Receive 
Frame 
Descriptor 
is 
fetched. 


• 
The address 
of the next available 
Buffer Descrip- 
tor is written to the next available 
Receive 
Frame 
Descriptor. 


• 
A frame 
received 
interrupt 
status bit is posted 
in 
the SCB. 


• 
An interrupt 
is sent to the CPU. 


If a frame error occurs, for example 
a CRC error, the 
82596 
automatically 
reinitializes 
its 
DMA 
pointers 
and 
reclaims 
any data 
buffers 
containing 
the 
bad 
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pinpoint 
a failure when it occurs. 
The 82596 has ex- 
tensive 
diagnostic 
and 
network 
management 
func- 
tions that help improve 
reliability 
and testability. 
The 
82596 
reports 
on the 
following 
events 
after 
each 
frame is transmitted .. 


• 
Transmission 
successful. 


• 
Transmission 
unsuccessful. 
Lost Carrier Sense. 


• 
Transmission 
unsuccessful. 
Lost Clear to Send. 


• 
Transmission 
unsuccessful. 
A DMA underrun 
oc- 
curred 
because 
the system 
bus did not keep up 
with the transmission. 


• 
Transmission 
unsuccessful. 
The number 
of colli- 
sions exceeded 
the maximum 
allowed. 


• 
Number 
of Collisions. 
The 
number 
of collisions 
experienced 
during the frame. 


• 
Heartbeat 
Indicator. 
This indicates 
the presence 
of a heartbeat 
during the last Interframe 
Spacing 
(IFS) after transmission. 


When 
configured 
to Save 
Bad Frames 
the 
82596 
checks 
each incoming 
frame and reports the follow- 
ing errors. 


• 
CRC error. 
Incorrect' 
CRC in a properly 
aligned 
frame. 


• 
Alignment 
error. 
Incorrect 
CRC 
in a misaligned 
frame. 
' 


• 
Frame 
too short. 
The frame 
is shorter 
than 
the 
value confiqured 
for minimum 
frame 
length. 


• 
Overrun. 
Part 
of the 
frame 
was 
not 
placed 
in 
memory because 
the system bus did not keep up 
with incoming 
data. 


• 
Out of buffer. 
Part of the frame 
was discarded 
because 
of insufficienl 
memory 
storage 
space. 


• 
Receive 
collision. 
A collision 
was detected 
during 
reception. 


• 
Length 
error. 
A frame 
not 
matching 
the 
frame 
length 
parameter 
was detected. 
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Figure 13. Receive 
Frame Area Diagram 
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Figure 14. Receive 
Frame Descriptor 
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NETWORK 
PLANNING 
AND 
MAINTENANCE 


To properly plan, operate, and maintain a communi- 
cation network, the network management entity 
must accumulate information on network behavior. 
The 82596 provides a rich set of network-wide diag- 
nostics that can serve as the basis for a network 
management entity. 


Information on network activity is provided in the 
status of each frame transmitted. The 82596 reports 
the following activity indicators after each frame. 
• Number of collisions. The number of collisions 
the 82596 experienced while attempting to trans- 
mit the frame. 
• Deferred transmission. During the first transmis- 
sion attempt the 82596 had to defer to traffic on 
the link. 


The 82596 updates its 32-bit statistical counters af- 
ter each received frame that both passes address 
filtering and is longer than the Minimum Frame 
Length configuration parameter, The 82596 reports 
the following statistics. 
• CRC errors. The number of well-aligned frames 
that experienced a CRC error. 


• Alignment 
errors. The 
number of 
misaligned 
frames that experienced a CRC error. 


• No resources. The number of frames that were 
discarded because of insufficient resources for 
reception. 


• Overrun errors. The number of frames that were 
not completely stored in memory because the 
system bus did not keep up with incoming data. 
• Receive Collision counter. The number of colli- 
sions detected during receive. 


• Short Frame counter. The number of frames that 
were discarded because they were shorter than 
the configured minimum frame length. 


The 82596 can be configured to Promiscuous mode. 
In this mode it captures all frames transmitted on the 
network without checking the Destination Address. 
This is useful when implementing a monitoring sta- 
tion to capture all frames for analysis. 


A useful method of capturing frame headers is to 
use the Simplified memory mode, configure the 
82596 to Save Bad Frames, and configure the 
82596 to Promiscuous mode with space in the RFD 


allocated for specific number of receive data bytes. 
The 82596 will receive all frames and put them in the 
RFD. Frames that exceed the available space in the 
RFD will be truncated, the status will be updated, 
and the 82596 will retrieve the next RFD. This allows 
the user to capture the initial data bytes of each 
frame (for instance, the header) and discard the re- 
mainder of the frame. 


The 82596 also has a monitor mode for network 
analysis. During normal operation the receive func- 
tion enables the 82596 to receive frames which pass 
address filtering. These frames must have the Start 
of Frame Delimiter (SFD) field and must be longer 
than the absolute minimum frame length of 5 bytes 
(6 bytes in case of Multicast address filtering). Con- 
tents and status of the received frames are trans- 
ferred to memory. The monitor function enables the 
82596 to simply evaluate the incoming frames. The 
82596 can monitor the frames that pass or do not 
pass the address filtering. It can also monitor frames 
which do not have the SFD fields. The 82596 can be 
configured to only keep statistical information about 
monitor frames. Three options are available in the 
Monitor mode. These modes are selectable by the 
two monitor mode configuration bits available in the 
configuration command. 


When the first option is selected, the 82596 receives 
good frames that pass address filtering and trans- 
fers them to memory while monitoring frames that 
do not pass address filtering or are shorter than the 
minimum frame size (these frames are not trans- 
ferred to memory). When this option is used the 
82596 updates six counters: CRC errors, alignment 
errors, no resource errors, overrun errors, short 
frames, and total good frames received. 


Wheri the second option is selected, the receive 
function is completely disabled. The 82596 monitors 
only those frames that pass address filterings and 


- meet the minimum frame length requirement. When 
this option is used the 82596 updates six counters: 
CRC errors, alignment errors, total frames (good and 
bad), short frames, collisions detected, and total 
good frames. 


When the third option is selected, the receive func- 
tion is completely disabled. The 82596 monitors all 
frames, including frames that do not have a Start 
Frame Delimiter. When this option is used the 82596 
updates six counter (CRC errors, alignment errors, 
total frames (good and bad), short frames, collisions 
detected, and total good frames. 
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STATION 
DIAGNOSTICS 
AND SELF-TEST 


The 82596 provides a large set of diagnostic and 
network management functions. These include inter- 
nal and external loopback and time domain reflec- 
tometry for locating fault points in the network cable. 
The 82596 ensures software reliability by dumping 
the contents of the 82596 internal registers into sys- 
tem memory. The 82596 has a self-test mode that 
enables it to run an internal self-test and place the 
results in system memory. 


82586 SOFTWARE 
COMPATIBILITY 


The 82596 has a software-compatible state in which 
all its memory structures are compatible with the 
82586 memory structure. This includes all the Action 
Commands, the Receive Frame Area (including the 
RFD, Buffer Descriptors, and Data Buffers), the Sys- 
tem Control Block, and the initialization procedures. 
There are two minor differences between the 82596 
in the 82586-Compatible memory structure and the 
82586. 
• When the internal and external loopback bits in 
the Configure command are set to 11 the 82596 
is in external loopback and the LPBK pin is acti- 
vated; in the 82586 this situation would produce 
internal loopback. 
• During a Dump command both the 82596 and 
82586 dump the same number of bytes; however, 
the data format is different. 


INITIALIZING 
THE 82596 


A Reset command is issued to the 82596 to prepare 
it for normal operation. The 82596 is initialized 
through two data structures that are addressed by 
two 
pointers, the 
System Configuration 
Pointer 
(SCP) and the Intermediate System Configuration 
Pointer (ISCP). The initialization procedure begins 
when a Channel Attention signal is asserted after 
RESET. The 82596 uses the address of the double 
word 
that 
contains 
the 
SCP 
as 
a 
default- 
00FFFFF4h. Before the CA signal is asserted this 
default address can be changed to any other avail- 
able address by asserting the PORT pin and provid- 
ing the desired address over the 031-04 pins of the 
address bus. Pins 03-00 
must be 0010; i.e., any 
alternative address must be aligned to 16 byte 
boundaries. All addresses sent to the 82596 must be 
word aligned, which means that all pointers and 
memory structures must start on an even address 
(Ao=zero). 


SYSTEM 
CONFIGURATION 
POINTER 
(SCP) 


The SCP contains the SYSBUS byte and the loca- 
tion of the next structure of the initialization process, 
the ISCP. The following parameters are selected in 
the SYSBUS. 
• The 82596 operation mode. 
• The Bus Throttle timer triggering method. 


• Lock enabled. 
• Interrupt polarity. 


Byt~rdering 
is determined by the LE/BE 
pin. 
LE/BE = 1 selects little endian byte ordering and 
LE/BE = 0 selects big endian byte ordering. 


NOTE: 
In the following, X indicates a bit not checked in 
82586 mode. This bit must be set to 0 in all other 
modes. 
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~ 6 ; ~I~:~~t!~~~ented 
mode 


1 1 : Reserved 


o : Internol triggering 
of the 
Bus Throttle timers 
1 : external triggering 
of the 
Bus Throttle timers 


Interrupt poiarlty 
o - Interrupt pin Is activ~ 
high 
1 - 
Interrupt pin Is active 
low 
o : LOCK function enabled 
1 : LOCK function disabled 
290219-14 


ISCP ADDRESS- 
The physical 
address 
of the ISCP. In the 82586 mode, bits A31-A24 
are considered 
to 
be zero. 


Figure 15. The System Configuration 
Pointer 


Writing the Sysbus 


When writing the Sysbus 
byte it is important 
to pay attention 
to the byte order. 


• 
When a Little Endian processor 
is used, the Sysbus byte is located at byte address OOFFFFF6h (or address 
n+ 2 if an alternative 
SCP address n was programmed). 


• 
When 
a processor 
using Big Endian 
byte ordering 
is used, the SYSBUS, 
alternative 
SCP, and ISCP ad- 
dresses 
will be different. 


• 
The Sysbus 
byte is located 
at OOFFFFF5h. 


• 
If an alternative 
SCP address 
is programmed, 
the SYSBUS 
byte should be at byte address n+ 1. 
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INTERMEDIATE 
SYSTEM 
CONFIGURATION 
POINTER 
(lSCP) 


The ISCP indicates 
the location 
of the System Control 
Block. Often the SCP is in ROM and the ISCP is in RAM. 


The CPU loads the SCB address 
(or an equivalent 
data structure) 
into the ISCP and asserts CA. This Channel 
Attention 
signal causes 
the 82596 
to begin its initialization 
procedure 
and to get the SCB address 
from the 
ISCP and SCP. In 82586 and 32-bit Segmented 
modes the SCP base address 
is also the base address 
of all 
Command 
Blocks, 
Frame Descriptors, 
and Buffer Descriptors 
(but not buffers). 
All these data structures 
must 


reside in one 64-kB segment; 
however, 
in Linear mode no such limitation 
is imposed. 


The following 
diagram 
illustrates 
the ISCP format. 


ODD WORD 
EVEN WORD 
8 7 
o 
16 
15 
31 


SCBOFFSET 


A23 


AO 
BUSY 
A15 


SCB BASE ADDRESS 
t 
o 
0 
0 
0 
0 
0 
0 
0 
- 
in 82586 
mode 
A31 
A24 
- 
in all other modes 


BUSY 
- 
Indicates 
that the 82596 is being initialized. 
The CPU sets the ISCP to 01 h before it gives 
the first CA to the 82596. The ISCP is cleared 
by the 82596 after the SCB base and offset 


are read. Note that the most significant 
byte of the first word of the ISCP is not modified 


when BUSY is cleared. 


SCB OFFSET-This 
16-bit quantity 
specifies 
the offset 
portion 
of the address 
of the SCB. 


SCB BASE 
- 
Specifies 
the base portion of the address 
of the SCB. The base of SCB is also the base of 


all 82596 
Command 
Blocks, 
Frame 
Descriptors 
and 
Buffer 
Descriptors. 
In the 
82586 


mode, bits A31-A24 
are considered 
to be zero. 


Figure 16. The Intermediate 
System Configuration 
Pointer-82586 
and 32·Bit Segmented 
Modes 


ODD WORD 
EVEN WORD 
31 
16 
15 
8 7 
0 


rO~O~O~._._ 
.._._..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~..~.~.. ~.~.. ~.~.. ~.~.. ~.~.. ~.~.. ~.~.. ~.~.~O~O~O~ 
~B~U~S~Y 
~ISCP 


A31 
SCB ABSOLUTE 
ADDRESS 
AO ISCP + 4 
~--------------------------------------------------------------~ 


BUSY 
- 
Indicates 
that the 82596 is being initialized. 
The ISCP is set to 01 h by the CPU before its 


first CA to the 82596. 
It is cleared 
by the 82596 after the SCB address 
is read. 


SCB ADDRESS- 
This 32-bit quantity 
specifies 
the physical 
address 
of the SCB. 


Figure 17. The Intermediate 
System Configuration 
Pointer-Linear 
Mode. 


INITIALIZATION 
PROCESS 


The CPU sets up the SCP, ISCP, and the SCB structures, 
and, if desired, 
an alternative 
SCP address. 
It also 
sets BUSY to 01 h. The 82596 is initialized when a Channel 
Attention 
signal follows 
a Reset signal, causing the 
82596 
to access 
the System 
Configuration 
Pointer. 
The sysbus ~the 
operational 
mode, the bus throttle 
timer triggering 
method, 
the interrupt 
polarity, 
and the state 
of LOCK are read. After 
reset the bus throttle 
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timers are essentially 
disabled-the 
T-ON value is infinite, the T-OFF value is zero. After the SCP is read, the 
82596 
reads the ISCP and saves the SCB address. 
In 82586 
and 32-bit 
Segmented 
modes 
this address 
is 
represented 
as a base address 
plus the offset 
(this base address 
is also the base address 
of all the control 
blocks). 
In Linear mode the base address 
is also an absolute 
address. 
The 82596 clears BUSY, sets CX and 
CNR to equal 1 in the SCB, clears the SCB command 
word, sends an interrupt 
to the CPU, and awaits another 
Channel 
Attention 
signal. RESET configures 
the 82596 to its default 
state before 
CA is asserted. 


CONTROLLING 
THE 82596DX/SX 


The host CPU controls 
the 82596 with the commands, 
data structures, 
and methods 
described 
in this section. 


The CPU and the 82596 communicate 
through 
shared 
memory 
structures. 
The 82596 contains 
two indepen- 
dent units: the Command 
Unit and the Receive 
Unit. The Command 
Unit executes 
commands 
from the CPU, 
and the Receive 
Unit handles 
frame 
reception. 
These 
two units are controlled 
and monitored 
by the CPU 
through 
a shared 
memory 
structure 
called the System 
Control 
Block (SCB). The CPU and the 82596 use the 
CA and INT signals to communicate 
with the SCB. 


82596 CPU ACCESS 
INTERFACE 
(PORT) 


The 82596 
has a CPU access 
interface 
that allows the host CPU to do four things. 


• 
Write an alternative 
System 
Configuration 
Pointer address. 


• 
Write an alternative 
Dump area pointer 
and perform 
Dump. 


• 
Execute 
a software 
reset. 


• 
Execute 
a self-test. 


The following 
events 
initiate the CPU access 
state. 


• 
Presence 
of an address 
on the 031-04 data bus pins. 


• 
The 03-00 pins are used to select one of the four functions. 


• 
The PORT input pin is asserted, 
as in a regular write cycle. 


NOTE 
The SCP Dump and Self-Test 
addresses 
must be 16-byte aligned. 


The 82596 requires two 16-bit write cycles for a port command. 
The first write holds the internal 
machines 
and 
reads the first 16 bits, the second 
activates 
the PORT command 
and reads the second 
16 bits. 


The PORT Reset is useful when only the 82596 needs to be reset. The CPU must wait for 1a-system 
and s-se- 
rial clocks 
before 
issuing another 
CA to the 82596; this new CA begins a new initialization 
process. 


The Dump function 
is useful for troubleshooting 
No Response 
problems. 
If the chip is in a No Response 
state, 
the PORT Dump operation 
can be executed 
and a PORT Reset can be used to reinitialize 
the 82596 without 
disturbing 
the rest of the system. 


The Self-Test 
function 
can be used for board testing; the 82596 will execute 
a self-test 
and write the results to 
memory. 
Table 
2. PORT Function 
Selection 


D31 ......... 
,',.".,', 
................ 
D4 ............................. 
Do 


Function 
Addresses 
and Results 
D3 
D2 
D1 
Do 


Reset 
A31 
Don't Care 
A4 
a 
a 
a 
a 


Self-Test 
A31 
Self-Test 
Results Address 
A4 
a 
a 
a 
1 


SCP 
A31 
Alternative 
SCP Address 
A4 
a 
a 
1 
a 


Dump 
A31 
Dump Area Pointer 
A4 
a 
a 
1 
1. 
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MEMORY 
ADDRESSING 
FORMATS 


The 82596 accesses 
memory 
by 32-bit addresses. 
There are two types of 32-bit addresses: 
linear and seg- 
mented. The type of address 
used depends 
on the 82596 operating 
mode and the type of memory 
structure 
it 


is addressing. 
The 82596 has three operating 
modes. 


• 
82586 
Mode 


• 
A Linear address 
is a single 24-bit entity. Address 
pins A31-A24 
are always zero. 


• 
A Segmented 
address 
uses a 24-bit base and a 16-bit offset. 


• 
32-bit Segmented 
Mode 


• 
A Linear address 
is a single 32-bit entity. 


• 
A Segmented 
address 
uses a 32-bit base and a 16-bit offset. 


NOTE 


In the previous 
two 
memory 
addressing 
modes, 
each 
command 
header 
(CB, TBD, 
RFD, RBD, and SCB) 
must wholly 
reside within one segment. 
If the 82596 encounters 
a memory 
structure 
that does not follow 
this 
restriction, 
the 82596 will fetch the next contiguous 
location 
in memory 
(beyond 
the segment). 


• 
Linear Mode 


• 
A Linear address 
is a single 32-bit entity. 


• 
There are no Segmented 
addresses. 


Linear addresses 
are primarily 
used to address 
transmit 
and receive 
data buffers. 
In the 82586 
and 32-bit 
Segmented 
modes, segmented 
addresses 
(base plus offset) are used for all Command 
Blocks, Buffer Descrip- 


tors, 
Frame 
Descriptors, 
and System 
Control 
Blocks. 
When 
using 
Segmented 
addresses, 
only 
the offset 
portion of the entity being addressed 
is specified 
in the block. The base for all offsets 
is the same-that 
of the 
SCB. 


1-137 


COMMAND 
UNIT (CU) 


The Command 
Unit is the logical unit that executes 
Action Commands 
from a list of commands 
very similar to 
a CPU program. 
A Command 
Block is associated 
with each Action Command. 
The CU is modeled 
as a logical 


machine 
that takes, at any given time, one of the following 
states. 


• 
Idle. The CU is not executing 
a command 
and is not associated 
with a CB on the list. This is the initial state. 


• 
Suspended. 
The CU is not executing 
a command; 
however, 
it is associated 
with a CB on the list. The 
suspend 
state can only be reached 
if the CPU forces 
it through 
the SCB or sets the suspend 
bit in the RFD. 


• 
Active. 
The CU is executing 
an Action 
Command 
and pointing 
to its CB. 


The CPU can affect 
CU operation 
in two ways: 
by issuing a CU Control 
Command 
or by setting 
bits in the 
Command 
word of the Action 
Command. 


RECEIVE 
UNIT (RU) 


The Receive 
Unit is the logical unit that receives 
frames 
and stores them in memory. The RU is modeled 
as a 
logical 
machine 
that takes, at any given time, one of the following 
states. 


• 
Idle. The RU has no memory 
resources 
and is discarding 
incoming 
frames. 
This is the initial state. 


• 
No Resources. 
The RU has no memory 
resources 
and is discarding 
incoming 
frames. 
This state differs 
from Idle in that the RU accumulates 
statistics 
on the number 
of discarded 
frames. 


• 
Suspended. 
The RU has memory 
available 
for storing 
frames, 
but is discarding 
them. The suspend 
state 
can only be reached 
if the CPU forces 
it through 
the SCB or sets the suspend 
bit in the RFD. 


• 
Ready. 
The RU has memory 
available 
and is storing 
incoming 
frames. 


The CPU can affect 
RU operation 
in three ways: by issuing an RU Control 
Command, 
by setting 
bits in the 
Frame Descriptor 
Command 
word of the frame being received, 
or by setting the El 
bit of the current 
buffer's 
Buffer Descriptor. 


SYSTEM 
CONTROL 
BLOCK (SCB) 


The SCB is a memory block that plays a major role in communications 
between 
the CPU and the 82596. Such 
communications 
include the following. 


• 
Commands 
issued by the CPU 


• 
Status reported 
by the 82596 


Control 
commands 
are sent to the 82596 
by writing 
them into the SCB and then asserting 
CA. The 82596 
examines 
the command, 
performs 
the required 
action, 
and then 
clears 
the SCB command 
word. 
Control 
commands 
perform 
the following 
types of tasks. 


• 
Operation 
of the Command 
Unit (CU). The SCB controls 
the CU by specifying 
the address 
of the Command 
Block 
List (CBl) 
and by starting, 
suspending, 
resuming, 
or aborting 
execution 
of CBl 
commands. 
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• 
The Command 
Unit becomes 
inactive. 


• 
The Receive 
Unit becomes 
not ready. 


• 
The status of the Command 
Unit. 


• 
The status of the Receive 
Unit. 


• 
Status 
reports from the 82596 
regarding 
reception 
of corrupted 
frames. 


Events can be cleared 
only by CPU acknowledgment. 
If some events are not acknowledged 
by the ACK field 
the Interrupt 
signal 
(INT) will be reissued 
after Channel 
Attention 
(CA) is processed. 
Furthermore, 
if a new 
event 
occurs 
while 
an interrupt 
is set, the interrupt 
is temporarily 
cleared 
to trigger 
edge-triggered 
interrupt 
controllers. 


The CPU uses the Channel 
Attention 
line to cause the 82596 to examine 
the SCB. This signal is trailing-edge 
triggered-the 
82596 
latches 
CA on the trailing 
edge. 
The latch 
is cleared 
by the 82596 
before 
the SCB 
control 
command 
is read. 


31 
ODD WORD 
16 
15 
EVEN WORD 
0 


ACK 
I x] 
cuc I R I 
RUC 
I x x x 
X 
STAT 
101 
CUS 
I 0 I 
RUS 
I 0 
0 
0 
o 
SCB 


RFAOFFSET 
CBLOFFSET 
SCB + 4 


ALIGNMENT 
ERRORS 
- 
CRCERRORS 
SCB + 8 


OVERRUN 
ERRORS 
RESOURCE 
ERRORS 
SCB + 12 


Figure 18. SCB-82586 
Mode 


31 
ODD WORD 
16 
15 
EVEN WORD 
0 


ACK 
101 
cuc I R I 
RUC 
I 0 
o 
0 
01 
STAT 
101 
cus I T I 
RUS 
10 
0 
o 
SCB 


RFAOFFSET 
I 
CBLOFFSET 
SCB + 4 


CRCERRORS 
SCB + 8 


ALIGNMENT 
ERRORS 
SCB + 12 


RESOURCE 
ERRORS 
(0) 
SCB + 16 


OVERRUN 
ERRORS 
(0) 
SCB + 20 


RCVCDT 
ERRORS 
(0) 
SCB + 24 


SHORT 
FRAME 
ERRORS 
SCB + 28 


T·ONTIMER 
I 
T-OFFTIMER 
SCB + 32 


"ln MONITOR 
mode these 
counters 
Change function 


Figure 19. SCB-32·Blt 
Segmented 
Mode 
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31 
ODD WORD 
16 15 
EVEN WORD 
0 


ACK 
101 
cuc 
IRI 
RUC 
10 
0 
0 
01 
STAT 
101 
cus 
I TI 
RUS 
10 
0 o 
SCB 


COMMAND BLOCK ADDRESS 
SCB + 4 


RECEIVE FRAME AREA ADDRESS 
SCB +8 


CRCERRORS 
SCB + 12 


ALIGNMENT ERRORS 
SCB + 16 


RESOURCE ERRORS (-) 
SCB + 20 


OVERRUN ERRORS (-) 
SCB + 24 


RCVCDT ERRORS (-) 
SCB + 28 


SHORT FRAME ERRORS 
SCB + 32 


T-ONTIMER 
I 
T-OFFTIMER 
SCB + 36 


-In MONITOR mode these counters change function 


Figure 20. SCB-Llnear 
Mode 


Command Word 
31 
16 


____ 
A-'-C'-K 
CUL-__ C_U_C 
0L__ 
R'-u"-C"-- 
__ 
1_0__ 
0__ 
0__ 
0_1 
SCB + 2 


These bits specifiy the action to be performed 
as a result of a CA. This word is set by the CPU and cleared 
by 
the 82596. Defined 
bits are: 


Bit 31 ACK-CX 


Bit 30 ACK-FR 


Bit 29 ACK-CNA 


Bit 28 ACK-RNR 


Bits 24-26 CUC 


- 
Acknowledges 
that the CU completed 
an Action 
Command. 


- 
Acknowledges 
that the RU received 
a frame. 


- 
Acknowledges 
that the Command 
Unit became 
not active. 


- 
Acknowledges 
that the Receive 
Unit became 
not ready. 


- 
(3 bits) This field contains 
the command 
to the Command 
Unit. Valid values 
are: 
o 
- 
NOP (does not affect 
current 
state of the unit). 


1 
- 
Start execution 
of the first command 
on the CBL. If a command 
is executing, 
complete 
it before starting 
the new CBL. The beginning 
of the CBl 
is in CBl 
OFFSET 
(address). 


2 
- 
Resume the operation 
of the Command 
Unit by executing 
the next command. 
This 
operation 
assumes 
that 
the 
Command 
Unit has been 
previously 
sus- 


pended. 


3 
- 
Suspend 
execution 
of commands 
on CBl 
after current command 
is complete. 


4 
- 
Abort current 
command 
immediately. 


5 
- 
loads 
the Bus Throttle 
timers 
so they will be initialized 
with their new values 
after the active timer (T-ON or T-OFF) 
reaches 
Terminal 
Count. 
If no timer is 
active 
new values 
will be loaded 
immediately. 
This command 
is not valid in 
82586 mode. 


6 
- 
loads 
and immediately 
restarts 
the Bus Throttle 
timers with their new values. 
This command 
is not valid in 82586 mode. 


7 
- 
Reserved. 
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Bit 23 RESET 


Status Word 
15 


- 
(3 bits) This field contains 
the command 
to the Receive 
Unit. Valid values 
are: 
o 
- 
NOP (does not alter current 
state of unit). 


1 
- 
Start reception 
of frames. 
The beginning 
of the RFA is contained 
in the RFA 
OFFSET 
(address). 
If a frame 
is being 
received 
complete 
reception 
before 
starting. 


2 
- 
Resume 
frame reception 
(only when in suspended 
state). 


3 
- 
Suspend 
frame reception. 
If a frame 
is being received 
complete 
its reception 
before suspending. 


4 
- 
Abort receiver 
operation 
immediately. 


5-7 
- 
Reserved. 


- 
Reset chip (logically 
the same as hardware 
RESET). 


1,----".: _S 
.....•.. 
~A_T----'------'~ 
_ 
__'_:_CU_S..L-:-----'~L____L: _RU_S-,-:_ 
82586 
Mode 


0 


1 
0 
0 
0 
0 
1 
SCB 


0 
I:D 
0 
0 
0 I SCB 


15 


S~AT 
~: 
CUS: 


32-Bit Segmented 
and Linear Modes 


Indicates 
the status of the 82596. This word is modified 
only by the 82596. 
Defined 
bits are: 


Bit 15 CX 


Bit 14 FR 


Bit 13 CNA 


Bit 12 RNR 


Bits 8-10 
CUS 


Bits 4-7 
RUS 


Bit3T 


- 
The CU finished 
executing 
a command 
with its I (interrupt) 
bit set. 


- 
The RU finished 
receiving 
a frame. 


- 
The Command 
Unit left the Active 
state. 


- 
The Receive 
Unit left the Ready state. 


- 
(3 bits) This field contains 
the status of the command 
unit. Valid values 
are: 
o 
-Idle 


1 
- 
Suspended 


2 
- 
Active 


3-7 
- 
Not used 


- 
This field contains 
the status of the receive 
unit. Valid values 
are: 


Oh (0000) 
- 
Idle 


1h (0001) 
- 
Suspended 


2h (0010) 
- 
No resources. 
This bit indicates 
both no resources 
due to lack of RFDs 
in the RDL and no resources 
due to lack of RBDs in the FBL. 


4h (0100) 
- 
Ready 


8h (1000) 
- 
No more RBDs (not in the 82586 
mode). 


Ah (1010) 
- 
No resources 
due to no more RBDs. (Not in the 82586 
mode.) 


No other combinations 
are allowed. 


- 
Bus Throttle 
timers 
loaded 
(not in 82586 
mode). 


SCB OFFSET 
ADDRESSES 


CBl 
Offset (Address) 


In 82586 
and 32-bit Segmented 
modes this 16-bit quantity 
indicates 
the offset 
portion 
of the address 
for the 
first Command 
Block on the CBL. In Linear mode it is a 32-bit linear address 
for the first Command 
Block on 
the CBL. It is accessed 
only if CUC equals Start. 
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updated; multiple errors will result in all affected counters being updated. 
• The 82596 executes the read-counter/incrementlwrite-counter 
operation wit out relinquishing the bus 
(locked operation). This is to ensure that no logical contention exists between the 82596 and the CPU due 
to both attempting to write to the counters simultaneously. In the dual-port memory configuration the CPU 
should not execute any write operation to a counter if LOCK is asserted. 


• The counters are 32-bits wide and their behavior is fully compatible with the IEEE 802.3 standard. The 
82596 supports all relevant statistics (mandatory, optional, and desired) through the status of the transmit 
and receive header and directly through SCB statistics. 


CRCERRS 


This 32-bit quantity 'contains the number of aligned frames discarded because of a CRC error. This counter is 
updated, if needed, regardless of the RU state. 


ALNERRS 


This 32-bit quantity contains the number of frames that both are misaligned (i.e., where CRS deasserts on a 
nonoctet boundary) and contain a CRC error. The counter is updated, if needed, regardless of the RU state. 


SHRTFRM 


This 32-bit quantity contains the number of received frames shorter than the minimum frame length. 


The last three counters change function in monitor mode. 


RSCERRS 


This 32-bit quantity contains the number of good frames discarded because there were no resources to 
contain them. Frames intended for a host whose RU is in the No Receive Resources state, fall into this 
category. This counter is updated only if the RU is in the No Resources state. When in Moniitor mode, this 
counter counts the total number of frames. 


OVRNERRS 


This 32-bit quantity contains the number of frames known to be lost because the local system bus was not 
available. If the traffic problem lasts longer than the duration of one frame, the frames that follow the first are 
lost without an indicator, and they are not counted. This counter is updated, if needed, regardless of the RU 
state. 


RCVCDT 


This 32-bit quantity contains the number of collisions detected during frame reception. In Monitor mode this 
counter counts the total number of good frames. 
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ACTION 
COMMANDS 
AND OPERATING 
MODES 


This section 
lists all the Action 
Commands 
of the Command 
Unit Command 
Block Ust (CBl). 
Each command 
contains 
the Command 
field, the Status 
and Control 
fields, 
the link to the next Action 
Command, 
and any 
command-specific 
parameters. 
There 
are three 
basic types 
of action 
commands: 
82596 
Configuration 
and 
Setup, Transmission, 
and Diagnostics. 
The following 
is a list of the actual commands. 


• 
NOP 
• 
Transmit 


• 
Individual 
Address 
Setup 
• 
TDR 


• 
Configure 
• 
Dump 


• 
MC Setup 
• 
Diagnose 


The 82596 has three addressing 
modes. 
In the 82586 mode all the Action 
Commands 
look exactly 
like those 
of the 82586. 


• 
82586 
Mode. The 82596 
software 
and memory 
structure 
is compatible 
with the 82586. 


• 
32-Bit Segmented 
Mode. The 82596 can access the entire system memory 
and use the two new memory 
structures-Simplified 
and Flexible-while 
still using the segmented 
approach. 
This does not require 
any 
Significant 
changes 
to existing 
software. 


• 
Linear Mode_ The 82596 operates 
in a flat, linear, 4 gigabyte 
memory 
space without 
segmentation. 
It can 
also use the two new memory 
structures. 


In the 32-bit Segmented 
mode there are some differences 
between 
the 82596 and 82586 action commands, 


.mainly in programming 
and activating 
new 82596 features. 
Those 
bits marked 
"don't 
care" 
in the compatible 
mode are not checked; 
however, 
we strongly 
recommend 
that those 
bits all be zeroes; 
this will allow future 
enchancements 
and extensions. 


In the 
Unear 
mode all of the address 
offsets 
become 
32-bit 
address 
pointers. 
All new 82596 
features 
are 
accessible 
in this mode, and all bits previously 
marked 
"don't 
care" 
must be zeroes. 


The Action Commands, 
and all other 82596 memory structures, 
must begin on even byte boundaries, 
i.e., they 
must be word aligned. 


NOP 


This command 
results in no action by the 82596 except for those performed 
in the normal command 
process- 
ing. It is used to manipulate 
the CBl 
manipulation. 
The format 
of the NOP command 
is shown 
in Figure 21. 


NOP-82586 
and 32-Bit Segmented 
Modes 


ODD WORD 
1615 
EVEN WORD 


AO 4 
x 
X 
X 
X 
X 
X 
X 
0 
C 
B OK 
0 
0 
0 
0 
0 
0 
0 
0000000 


X 
X 
X 
X 
X 
X 
X 
X 
A15 
LINK OFFSET 


ODD WORD 
EVEN WORD 
0 
o 
0 
0 
0 
000 
00000000000000 


AO 4 


Figure 21 
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where: 


LINK POINTER 
- 
In the 82586 
or 32-bit 
Segmented 
modes 
this is a 16-bit offset 
to the next Command 
Block. 
In the Linear mode this is the 32-bit address 
of the next Command 
Block. 


EL 
- 
If set, this bit indicates 
that this command 
block is the last on the CBL. 


S 
- 
'If set to one, suspend 
the CU upon completion 
of this CB. 


I 
- 
If set to one, the 82596 
will generate 
an interrupt 
after 
execution 
of the command 
is 
complete. 
If I is not set to one, the CX bit will not be set. 


CMD (bits 16-18) 
- 
The NOP command. 
Value: Oh. 


Bits 19-28 
- 
Reserved 
(zero in the 32-bit Segmented 
and Linear modes). 


C 
- 
This bit indicates 
the execution 
status of the command. 
The CPU initially resets it to zero 
when the Command 
Block is placed on the CBL. Following 
a command 
Completion, 
the 
82596 will set it to one. 


B 
- 
This bit indicates 
that the 82596 
is currently 
executing 
the NOP command. 
It is initially 
reset to zero by the CPU. The 82596 
sets it to one when execution 
begins and to zero 
when execution 
is completed. 
This bit is also set when the 82596 
prefetches 
the com- 
mand. 


NOTE: 
The C and B bits are modified 
in one operation. 


OK 
- 
Indicates 
that the command 
was executed 
without 
error. If set to one no error occurred 
(command 
executed 
OK). If zero an error occur. 


INDIVIDUAL 
ADDRESS 
SETUP 


This command 
is used to load the 82596 with the Individual 
Address. 
This address 
is used by the 82596 for 
inserting 
the Source 
Address 
during transmission 
and recognizing 
the Destination 
Address 
during 
reception. 
After 
RESET, and prior to Individual 
Address 
Setup Command 
execution, 
the 82596 assumes 
the Broadcast 
Address 
is the Individual 
Address 
in all aspects, 
Le.: 


• 
This will be the Individual 
Address 
Match 
reference . 


• 
This will be the Source 
Address 
of a transmitted 
frame 
(for AL-LOC = 0 mode only). 


The format 
of the Individual 
Address 
Setup command 
is shown 
in Figure 22. 


lA Setup-82586 
and 32-Blt Segmented 
Modes 
31 
ODD WORD 
1615 
EVENWORD 
0 


ELlsl 
I Ix 
x 
X 
X 
X 
X 
X 
X 
X 
xlo 
0 
1 
cl 
B IOKI A 10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 0 


INDIVIDUAL ADDRESS 
1st byte A15 
LINK OFFSET 
AO 4 


6th byte 
5th byte 
4th byte 
3rd byte 
8 


lA Setup-Linear 
Mode 
31 
ODD WORD 
1615 
EVENWORD 
0 


ELl S II 
10 
0 
0 
0 
0 
0 
0 
0 
0 
010 
0 
1 
cl 
B IOKI A 10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 0 


A31 
LINK ADDRESS 
A04 


4th byte 
3rd byte 
INDIVIDUALADDRESS 
1st byte 
8 


6th byte 
5th byte 
C 


Figure 22 


where: 


LINK ADDRESS, 
EL. B. C.I. S 


A 


- 
As per standard 
Command 
Block (see the NOP command 
for details) 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to CU Abort 
control 
command. 
If one, then the command 
was aborted, 
and if necessary 
it should 
be 
repeated. 
If this bit is zero, the command 
was not aborted, 
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Bits 19-28 
- 
Reserved 
(zero in the 32-bit Segmented 
and Linear modes). 


CMD (bits 16-18) 
- 
The Address 
Setup command. 
Value: 1h. 


INDIVIDUAL 
ADDRESS 
- 
The individual 
address 
of the node, 0 to 6 bytes long. 


The least significant 
bit of the Individual 
Address 
must be zero for Ethernet 
(see the Command 
Structure). 
However, 
no enforcement 
of 0 is provided 
by the 82596. 
Thus, 
an Individual 
Address 
with 
1 as its least 
significant 
bit is a valid Individual 
Address 
in all aspects. 


The default 
address 
length 
is 6 bytes long, as in 802.3. 
If a different 
length 
is used the lA Setup command 
should 
be executed 
after the Configure 
command. 


CONFIGURE 


ThE! Configure 
command 
loads 
thEl 82596 
with 
its operating 
parameters. 
It allows 
changing 
some 
of the 
parameters 
by specifying 
a byte count less than the maximum 
number of configuration 
bytes (12 in the 82586 
mode, 
16 in the 32-Bit 
Segmented 
and 
Linear 
modes). 
The 82596 
configuration 
depends 
on its mode 
of 
operation. 


• 
In the 82586 
mode the maximum 
number 
of configuration 
bytes is 12. Any number 
larger than 12 will be 
reduced 
to 12 and any number 
less than 4 will be increased 
to 4. 
. 


• 
The additional 
features 
of the serial side are disabled 
in the 82586 
mode. 


• 
In both the 32-Bit Segmented 
and Linear modes there are four additional 
configuration 
bytes, which 
hold 
parameters 
for additional 
82596 features. 
If these parameters 
are not accessed, 
the 82596 will follow their 
default 
values. 


• 
For more detailed 
information 
refer to the 82596 
User's 
Manual. 


The format.of 
the Configure 
command 
is shown 
in Figures 23, 24,'and 
25. 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl s I I I X 
X 
X 
X 
X 
X 
X 
X 
X 
xlo 
1 
o 
c I B IOKI A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 


Byte 1 
Byte 0 
A15 
LINK OFFSET 
AO 4 


Byte 5 
Byte 4 
Byte 3 
Byte 2 
8 


Byte 9 
Byte 8 
Byte? 
Byte 6 
1 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Byte 10 
1 


Figure 
23. CONFIGURE-82586 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl s I I 10 
0 
0 
0 
0 
o 
0 
0 
o 
010 
1 
o 
c I B IOKI A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 


Byte 1 
Byte 0 
A15 
LINK OFFSET 
AO 4 


Byte 5 
Byte 4 
Byte 3 
Byte 2 
8 


Byte 9 
Byte 8 
Byte? 
Byte 6 
12 


Byte 13 
Byte 12 
Byte 11 
Byte10 
16 


Figure 
24. CONFIGURE-32-Bit 
Segmented 
Mode 
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31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S I1 
10 
0 
0 
0 
0 
0 
0 
0 
0 
010 
1 
o 
cl 
B IOKI A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 


A31 
LINK ADDRESS 
AO 4 


Byte 3 
. 
Byte 2 
Byte 1 
Byte 0 
8 


Byte 7 
Byte 6 
Byte 5 
Byte 4 
12 


Byte 11 
Byte 10 
Byte 9 
Byte 8 
16 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Byte 13 
Byte 12 
20 


Figure 25. CONFIGURE-Linear 
Mode 
LINK ADDRESS, - 
As per standard Command Block (see the NOP command for details) 
EL, B,C, I,S 
A 
- 
Indicates that the command was abnormally terminated due to a CU Abort control corn- 
mand. If 1, then the command was aborted and if necessary it should be repeated. If this 
bit is 0, the command was not aborted. 


Bits 19-28 
~ Reserved (zero in the 32·Bit Segmented and Linear Modes) 
CMD (bits 16-18) - 
The CONFIGURE command. Value: 2h. 


The interpretation of the fields follows: 


7 
6 
5 
4 
3 
2 
1 
o 


BYTE?OUNT 
p 
X 
X 
X 


BYTE 0 
BYTE,CNT(Bits 0-3) 
Byte Count. Number of bytes, including this one, that hold pa- 
rameters to be configured. 
Enable the 82596 to write the prefetched bit in all prefetch 
RBDs. 


PREFETCHED(Bit 7) 


NOTE: 
The P bit is valid only in the new memory structure modes. In 82586 mode this bit is disabled 
(i.e., no prefetched mark). 


7 
0 
I~__M_O_N..L:IT_O_R 
X 
X_--'- 
-'- 
FI_FO-'-:LI_M_IT 
__ 
-'- 
I 
BYTE 1 
FIFO Limit (Bits 0-3) 
MONITOR# (Bits 6-7) 


FIFOlimit. 


Receive monitor options. If the Byte Count of the configure 
command is less than 12 bytes then these Monitor bits are 
ignored. 
' 


DEFAULT:C8h 


7 
o 
I 
SAVBF 
I 
o 
o 
o 
o 
o 
o 


BYTE 
2 
SAV BF (Bit 7) 
O-Received bad frames are not saved in the memory. 
1-Received 
bad frames are saved in the memory. 
DEFAULT:40h 
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7 
o 


LOOP 
BACK 
MODE 


BYTE 
3 


ADR LEN (Bits 0-2) 


NO SCR ADD INS (Bit 3) 


PREAM LEN (Bits 4-5) 


LP BCK MODE (Bits 6-7) 


DEFAULT: 
26h 


PREAMBLE 
LENGTH 
ADDRESS 
LENGTH 


Address 
length 
(any kind). 


No Source 
Address 
Insertion. 
In the 82586 this bit is called AL LaC. 


Preamble 
length. 


Loopback 
mode. 


7 
0 


I BOF 
METD 
1__ 
E_X_P_0.L~_EN_T_IA_L_P_R...J.lp_R_IT_Y 
O_----'- 
L...J.~~_E_AR_PR_I_OR_I.L!Y 
__ 
__..JI 


BYTE 4 


UN PR 10 (Bits 0-2) 


EXP PR 10 (Bits 4-6) 


BOF METD (Bit 7) 


DEFAULT: 
OOh 


7 


Linear Priority. 


Exponential 
Priority. 


Exponential. 
Backoff 
method. 


o 


: INTER 
FRA¥E 
SPACING 
: 


BYTE 5 


INTERFRAME 
SPACING 


DEFAULT: 
60h 


Interframe 
spacing. 


7 
0 
I 
~ 
----'- 
-L_S_L_O_T_T~I¥_E_-_L_OW_~ 
-L 
-L 
__ 
~I 


BYTE 6 


SLOT TIME (L) 


DEFAULT: 
OOh 


Slot time, low byte. 


7 
0 
I 
-"¥L_A_X_IM_U_M_R_EL...!R_Y_N_U_M_B_ERJ....! 
0 
S---'~O_T_T_IM_E_-_H_I~L_H 
I 


BYTE 7 


SLOT TIME (H) 
(Bits 0-2) 


RETRY NUM (Bits 4-7) 


DEFAULT: 
F2h 


Slot time, high part. 


Number 
of transmission 
retries on collision. 
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BYTE 8 
PRM (Bit 0) 
BC DIS (Bit 1) 
MANCHINRZ (Bit 2) 


TONO CRS (Bit 3) 
NOCRC INS (Bit 4) 
CRC-16/CRC-32 (Bit 5) 
BIT STF (Bit 6) 
PAD (Bit 7) 
DEFAULT:OOh 


Promiscuous mode. 
Broadcast disable. 
Manchester or NRZ encoding. See specific timing require- 
ments for TxC in Manchester mode. 
Transmit on no CRS. 


No CRC insertion. 
CRC type. 


Bit stuffing. 
Padding. 


7 
0 
I COT SRC 
I 
COLLI~ION 
OETECT:FIL 
TER 
I CRS SRC I 
CAR~IER 
SENSE 
F:ILTER 
I 


BYTE 9 
CRSF (Bits 0-2) 
Carrier Sense filter (length). 
CRS SRC (Bit 3) 
Carrier Sense source. 


CDTF (Bits 4-6) 
Collision Detect filter (length). 
CDT SRC (Bit 7) 
Collision Detect source. 


DEFAULT:OOh 


7 
0 
I 
-L- 
__ 
---"'-- 
__ 
-'-~_IN_IM_U_M_F_R..L~M_E_L_E_N_G_TH..L..! 
-'-- 
__ 
-.l._---"~I 
BYTE 10 
MIN FRAME LEN 
DEFAULT:40h 
Minimum frame length. 


7 
0 


1 
M_O_N....l:I_T_O_R 
__ 
--L-_M_C_-A_L_L_1 COBSAC 
I 
AUTOTX 
I 
CRCINM 
I 
LNGFLO 
I 
PRECRS 
I 


BYTE 11 
PRECRS(Bit 0) 
LNGFLD (Bit 1) 


CRCINM (Bit 2) 
AUTOTX (Bit 3) 
CDBSAC (Bit 4) 
MCJLL 
(Bit 5) 
MONITOR (Bits 6-7) 
DEFAULT: FFH 


Preamble until Carrier Sense 
Length field. Enables padding at the End-of-Carrier framing 
(802.3). 
Rx CRC appended to the frame in memory. 
Auto retransmit. 


Collision Detect by source address recognition. 
Enable to receive all MC frames. 
Receive monitor options. 
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7 
I 
DCR 
FOX 


BYTE 12 


OCR SLOT ADDRESS 
(Bits 0-5) 


FOX (Bit 6) 


OCR (Bit 7) 


DEFAULT: 
OOh 


o 


DCRSLOT:AOORESS 
I 
----~--~--~.~--~--~---- 


Station 
index in OCR mode. 


Enables 
Full Duplex operation. 


Enables 
Deterministic 
collision 
resolution. 


7 
0 


I OIS_BOF 
I 
MULT_IA 
1 
----'- 
...•qc_R_N_U_M_B_E_R.L..:O_F_S_TA_T_IO_N....L~__'__ 
I 


BYTE 13 


DCR NUMBER 
OF 
STATIONS 
(Bits 0-5) 


MUL T_lA 
(Bit 6) 


DIS_BOF 
(Bit 7) 


DEFAULT:3Fh 


Number 
of stations 
in OCR mode. 


Multiple 
individual 
address. 


Disable the backoff 
algorithm. 
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A reset (hardware 
or software) 
configures 
the 82596 
according 
to the following 
defaults. 


Table 4.Configuration Defaults 


Parameter 
Default Value 
Units/Meaning 


ADDRESS 
LENGTH 
AIL FIELD LOCATION 
• 
AUTO RETRANSMIT 
BITSTUFFING/EOC 
BROADCAST 
DISABLE 


• 
CDBSAC 
COT FILTER 
COT SRC 
• 
CRC IN MEMORY 
CRC-16/CRC-32 
CRS FILTER 
CRSSRC 


• 
OCR 
• 
OCR Slot Number 
• 
OCR Number of Stations 


• 
DISBOF 
EXT LOOPBACK 
EXPONENTIAL 
PRIORITY 
EXPONENTIAL 
BACKOFF 
METHOD 
• 
FULL DUPLEX (FOX) 
FIFO THRESHOLD 
INT LOOPBACK 
INTERFRAME 
SPACING 
LINEAR PRIORITY 
• 
LENGTH 
FIELD 
MIN FRAME LENGTH 


• 
MC ALL 
• 
MONITOR 
MANCHESTER/NRZ 


• 
MULTI 
lA 
NUMBER 
OF RETRIES 
NO CRC INSERTION 
PREFETCH 
BIT IN RBD 
PREAMBLE 
LENGTH 
• 
Preamble 
Until CRS 
PROMISCUOUS 
~ODE 
PADDING 
SLOT TIME 
SAVE BAD FRAME 
TRANSMIT 
ON NO CRS 


"6 
o 
1 
o 
o 
1 
o 
o 
1 
"0 
o 
o 
o 
o 
63 
o 
o 
"0 
"0 
o 
8 
o 
"96 
"0 
1 
"64 
1 
11 
o 
o 
"15 
o 
o 
"7 
1 
o 
o 
"512 
o 
o 


Bytes 
Located 
in FD 
Auto Retransmit 
Enable 
EOC 
Broadcast 
Reception 
Enabled 
Disabled 
Bit Times 
External Collision 
Detection 
CRC Not Transferred 
to Memory 
CRC-32 
o Bit Times 
External CRS 
Disable OCR Protocol 
OCR Disabled 
Stations 
Backoff 
Enabled 
Disabled 
802.3 Algorithm 
802.3 Algorithm 
CSMAlCD 
Protocol 
(No FOX) 
TX: 32 Bytes, RX: 64 Bytes 
Disabled 
Bit Times 
802.3 Algorithm 
Padding Disabled 
Bytes 
Disabled 
Disabled 
NRZ 
Disabled 
Maximum 
Number of Retries 
CRC Appended 
to Frame 
Disabled 
(Valid Only in New Modes) 
Bytes 
Disabled 
Address 
Filter On 
No Padding 
Bit Times 
Discards 
Bad Frames 
Disabled 


NOTES: 
1. This configuration 
setup 
is compatible 
with the IEEE 802.3 specification. 


2. The Asterisk 
•••" signifies 
a new configuration 
parameter 
not available 
in the 82586. 
3. The default 
value of the Auto retransmit 
configuration 
parameter 
is enabled 
(1). 


4. Double 
Asterisk 
•••• " signifies 
IEEE 802.3 
requirements. 
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MUL TICAST -SETUP 


This command 
is used to load the 82596 with the Multicast-IDs 
that should be accepted. 
As noted previously, 
the filtering 
done 
on the 
Multicast-IDs 
is not perfect 
and some 
unwanted 
frames 
may be accepted. 
This 
command 
resets the current filter and reloads 
it with the specified 
Multicast-IDs. 
The format 
of the Multicast- 
addresses 
setup command 
is: 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S I1 
I X 
X 
X 
X 
X 
X 
X 
X 
X 
xlo 
1 
1 
cl 
B IOKI 
A 10 
0 
0 
0 
o 
0 
0 
0 
0 
0 
0 
0 


xlxl 
MC COUNT 
A15 
LINK OFFSET 
AO 


4th 
byte 
1st byte 


Nth byte 


MUL TICAST ArRESSES 
LIST 


- 
- 


Figure 26. MC Setup-82586 
and 32.Bit Segmented 
Modes' 


, 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl 
S I1 
10 
0 
0 
0 
0 
0 
0 
0 
0 
010 
1 
1 I C I B IOKI 
A I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


A31 
LINK ADDRESS 
AO 


2nd 
byte 
1st byte I X I X I 
MC COUNT 


MUL TICAST 
ADDRESSES 
LIST 


Nth byte 
. 
I 
. 
... 
, 


Figure 27. MC Setup-Linear 
Mode 


where: 


LINK ADDRESS, 
EL, B, C,I, S 


A 


- 
As per standard 
Command 
Block (see the NOP command 
for details) 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to a CU Abort control 
command. 
If one, then the command 
was aborted 
and if necessary 
it should 
be 
repeated. 
If this bit is zero, the command 
was not aborted. 


- 
Reserved 
(0 in both the 32-Bit Segmented 
and Linear Modes). 


- 
The MC SETUP command 
value: 3h. 


This 14-bit field indicates 
the number 
of bytes in the MC LIST field. The MC CNT 
must be a multiple of the ADDR LEN; otherwise, 
the 82596 reduces the MC CNT to 
the 
nearest 
ADDR 
LEN multiple. 
MC CNT = 0 implies 
resetting 
the 
Hash 
table 
which 
is equivalent 
to disabling 
the Multicast 
filtering 
mechanism. 


- 
A list of Multicast 
Addresses 
to be accepted 
by the 82596. The least Significant 
bit 
of each MC address 
must be 1. 


Bits 19-28 


CMD (bits 16-18) 


MC-CNT 


MC LIST 


NOTE: 
The list is sequential; 
i.e., the most significant 
byte of an address 
is immediately 
followed 
by the least signifi- 


cant byte of the next address. 


- 
When the 82596 
is configured 
to recognize 
multiple 
Individual 
Address 
(Multi-lA), 
the MC-Setup 
command 
is also used to set up the Hash table for the individual 
address. 
. 


The least significant 
bit in the first byte of each lA address 
must be O. 
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TRANSMIT 


This command 
is used to transmit 
a frame of user data onto the serial link. The format 
of a Transmit 
command 
is as follows. 


31 
ODD WORD 
16 15 
EVEN WORD 
0 


Ell 
S I I I x x x x x x x x x 
X 11 
0 
o 
CIBI 
STATUS BITS 
I 
MAXCOLL 
0 


A15 
TBDOFFSET 
AOA15 
LINK OFFSET 
AO 4 


4th byte 
DESTINATIONADDRESS 
1st byte a 


LENGTH FIELD 
6th byte 
12 


, 


Figure 28. TRANSMIT -82586 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


EL 
I 
S 
I 
I 
10 
0 
01 
NC I 
SF 
11 
0 
0 
C I BI 
S,ATUSBITS 
I 
MAXCOLL 
0 


A15 
TBDOFFSET 
AOA15 
LINK OFFSET 
AO4 


000 
o 
0 
o 
0 
0 
000 
0 
o 
0 
o 
0 EOFI 0 I 
, 
TCBCOUNT 
a 


4th byte 
DESTINATION ADDRESS 
1st byte 12 


LENGTH FIELD 
6th byte 
16 


OPTIONAL DATA 


Figure 29. TRANSMIT-32-Blt 
Segmented 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


EL 
I 
S 
1I 
01000lNCIsFI1 
0 
0 
C I B I 
STATUS BITS 
I 
MAXCOLL 
0 


A31 
LINK ADDRESS 
AO4 


A31 
TRANSMIT BUFFER DESCRIPTORADDRESS 
AOa 


o 
0 
000 
000 
0 
o 
0 
0 
0 
0 
0 
0 EOFlol 
TCBCOUNT 
12 


4th byte 
DESTINATION ADDRESS 
1st byte 16 


LENGTH FIELD 
6th byte 
20 


OPTIONAL DATA 


" 


Figure 30. TRANSMIT-LInear 
Mode 


31 
COMMAND WORD 
16 


IELI S I I I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 INClsFll 
0 
0 12 
t t 
0: No CRC Insertion disable; when the 
0: Simplified Mode, all the Tx data is in 
configure command is configured to 
the Transmit Command Block. The 
not insert the CRC during 
Transmit Buffer Descriptor Address 
transmission the NC has no effect. 
field is all 1s. 
1: No CRC Insertion enable; when the 
1: Flexible Mode. Data is in the TCB 
configure command is configured to 
and in a linked list of TBDs. 
insert the CRC during transmission 
the CRC will not be inserted when 
NC = 1. 


" 
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where: 


EL, B, C, I, S 


OK (Bit 13) 


A (Bit 12) 


Bits 19-28 


CMD (Bits 16-18) 


Status Bit 11 


Status Bit 10 


Status Bit 9 


Status Bit 8 


Status Bit 7 


Status Bit 6 


Status Bit 5 


MAX-COL 
(Bits 3-0) 


LINK OFFSET 


TBDPOINTER 


DEST ADDRESS 


LENGTH 
FIELD 


TCBCOUNT 


EOF Bit 


- 
As per standard 
Command 
Block (see the N,OP command 
for details). 


- 
Error free completion. 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to CU Abort 
control 
command. 
If 1, then 
the command 
was aborted, 
and if necessary 
it should 
be 
repeated. 
If this bit is 0, the command 
was not aborted. 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear modes). 


- 
The transmit 
command: 
4h. 


- 
Late collision. 
A late collision 
(a collision 
after the slot time is elapsed) 
is detected. 


- 
No Carrier 
Sense 
signal 
during 
transmission. 
Carrier 
Sense 
signal 
is monitored 
•• 
from the end of Preamble transmission 
until the end of the Frame Check Sequence 
for TONOCRS 
= 1 (Transmit 
On No Carrier Sense mode) it indicates 
that transmis- 
sion 
has 
been 
executed 
despite 
a lack 
of CRS. 
For TONOCRS=O 
(Ethernet 
mode), 
this 
bit also 
indicates 
unsuccessful 
transmission 
(transmission 
stopped 
when lack of Carrier Sense has been detected). 


- 
Transmission 
unsuccessful 
(stopped) 
due to LOSBof CTS. 


- 
Transmission 
unsuccessful 
(stopped) 
due to DMA Underrun; 
i.e., the system 
did 
not supply data for transmission. 


- 
Transmission 
Deferred, 
l.e., transmission 
was not immediate 
due to previous 
link 
activity. 


- 
Heartbeat 
Indicator, 
Indicates 
that after a previously 
performed 
transmission, 
and 
before 
the most 
recently 
performed 
transmission, 
(Interframe 
Spacing) 
the CDT 
signal was monitored 
as active. This indicates 
that the Ethernet 
Transceiver 
Colli- 
sion Detect 
logic is performing 
properly. 
The 
Heartbeat 
is monitored 
during 
the 
Interframe 
Spacing 
period. 


- 
Transmission 
attempt 
was stopped 
because the number of collisions 
exceeded 
the 
maximum 
allowable 
number 
of retries. 


- 
The number of Collisions 
experienced 
during this frame. Max Col = 0 plus S5 = 
1 
indicates 
16 collisions. 


- 
As per standard 
Command 
Block (see the NOP tor details). 


- 
In the 82586 
and 32-bit Segmented 
modes 
this is the offset 
of the first Tx Buffer 
Descriptor 
containing 
the data to be transmitted. 
In the Linear mode this is the 32- 
bit address of the first Tx Buffer Descriptor 
on the list. If the TBD POINTER 
is all 1s 
it indicates 
that no TBD is used. 


- 
Contains 
the Destination 
Address 
of the frame. The least significant 
bit (MC) indi- 
cates the address 
type. 


MC=O: 
Individual 
Address. 


MC = 1: Multicast 
or Broadcast 
Address. 


If the Destination 
Address 
bits are all 1s this is a Broadcast 
Address. 


- 
The contents 
of this 2-byte field are user defined. 
In 802.3 it contains 
the length of 
the data field. It is placed 
in memory 
in the same order it is transmitted; 
i.e., most 
significant 
byte first, least significant 
byte second .. 


- 
This 14-bit counter 
indicates 
the number of bytes that will be transmitted 
from the 
Transmit 
Command 
Block, starting 
from the third byte after the TCB COUNT field 
(address n+ 12 in the 32-bit Segmented 
mode, N+ 16 in the Linear 
mode). 
The 
TCB COUNT field can be any number of bytes (including 
an odd byte), this allows 
the user to transmit 
a frame 
with a header 
having an odd number 
of bytes. The 
TCB COUNT field is not used in the 82586 
mode, 


- 
Indicates 
that 
the whole 
frame 
is kept 
in the Transmit 
Command 
Block. 
In the 
Simplified 
memory 
model it must be always asserted. 
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The interpretation 
of what is transmitted 
depends 
on the No Source Address 
insertion 
configuration 
bit and the 
memory 
model being used. 


NOTES 


1. The Destination 
Address 
and the Length 
Field are sequential 
of the Length 
Field immediately 
follows 
the 
most significant 
byte of the Destination 
Address. 


2. In case 
the 82596 
is configured 
with 
No Source 
Address 
insertion 
bit equal 
to 0, the 82596 
inserts 
its 
configured 
Source 
Address 
in the transmitted 
frame. 


• 
In the 82586 mode, or when the Simplified 
memory 
model is used, the Destination 
and Length fields of the 
transmitted 
frame are taken from the Transmit 
Command 
Block. 


• 
If the FLEXIBLE 
memory 
model is used, the Destination 
and Length fields of the transmitted 
frame can be 
found either in the TCB or TBD, depending 
on the TCB COUNT. 


3. If the 82596 is configured 
with the Address/Length 
Field Location 
equal to 1, the 82596 does not insert its 


configured 
Source 
Address 
in the transmitted 
frame. 
The first (2 
X Address 
Length) + 2 bytes 
of the 
transmitted 
frame are interpreted 
as Destination 
Address, 
Source 
Address, 
and Length fields respectively. 


The location 
of the first transmitted 
byte depends 
on the operational 
mode of the 82596: 


• 
In the 82586 
mode, it is always the first byte of the first Tx Buffer. 


• 
In both the 32-bit Segmented 
and Linear modes 
it depends 
on the SF bit and TCB COUNT: 


- 
In the Simplified 
memory 
mode the first transmitted 
byte is always the third byte after the TCB COUNT 
field. 


- 
In the Flexible 
mode, if the TCB COUNT is greater than 0 then it is the third byte after the TCB COUNT 


field. If TCB COUNT 
equals 0 then it is first byte of the first Tx Buffer. 


• 
Transmit 
frames 
shorter 
than six bytes are invalid. The transmission 
will be aborted 
(only in 82586 
mode) 


because 
of a DMA Underrun. 


4. Frames 
which 
are aborted 
during transmission 
are jammed. 
Such an interruption 
of transmission 
can be 
caused 
by any reason 
indicated 
by any of the status bits 8, 9, 10 and 12. 


JAMMING 
RULES 


1. Jamming 
will not start before completion 
of preamble 
transmission. 


2. Collisions 
detected 
during transmission 
of the last 11 bits will not result in jamming. 


The format 
of a Transmit 
Buffer Descriptor 
is: 


82586 Mode 
31 
ODD WORD 
1615 
13 
EVEN WORD 
0 


NEXT TBD OFFSET 
IEOFI 
X I 
SIZE (ACT COUNT) 
0 


X 
X 
X 
X 
X 
X 
X xl 
TRANSMIT 
BUFFER 
ADDRESS 
4 


32-Bit Segmented 
Mode 
31 
ODD WORD 
1615 
13 
EVEN WORD 
0 


NEXT TBD OFFSET 
IEOFI 
0 I 
SIZE (ACT COUNT) 
0 


i 
TRANSMIT 
BUFFER 
ADDRESS 
4 


J 


Linear Mode 
31 
ODD WORD 
1615 
13 
EVEN WORD 
0 


0 
0 
o 
0 
0 
0 
0 
010 
0 
0 
o 
0 
0 
o 
0 IEOFI 
0 I 
SIZE (ACT COUNT) 
0 


NEXT TBD ADDRESS 
4 


TRANSMIT 
BUFFER ADDRESS 
8 


Figure 31 
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where: 


EOF 
- 
This bit indicates 
that this TBD 
is the last one associated 
with the frame 
being 
transmitted. 
It is set by the CPU before transmit. 


- 
This 
14-bit quantity 
specifies 
the 
number 
of bytes 
that 
hold 
information 
for the 
current 
buffer. It is set by the CPU before transmission. 


- 
In the 82586 and 32-bit Segmented 
modes, 
it is the offset of the next TBD on the 
list. In the linear 
mode this is the 32-bit address 
of the next TBD on the list. It is 
meaningless 
if EOF = 1. 


- 
The starting 
address 
of the memory 
area that contains 
the data to be sent. In the 
82586 mode, this is a 24-bit address 
(A31-A24 
are considered 
to be zero). In the 
32-bit Segmented 
and linear 
modes this is a 32-bit address . 


SIZE (ACT COUNT) 


NEXT TBD ADDRESS 


BUFFER ADDRESS 


TOR 


This operation 
activates 
Time Domain Reflectometry, 
which is a mechanism 
to detect open or short circuits on 
the link and their distance 
from 
the diagnosing 
station. 
The TDR command 
has no parameters. 
The TDR 
transmit 
sequence 
was changed, 
compared 
to the 82586, to form a regular transmission. 
The TDR bit stream 
is as follows. 


- 
Preamble 


- 
Source 
address 


- 
Another 
Source 
address 
(the TDR frame 
is transmitted 
back to the sending 
station, 
so DEST ADR = SRC ADR). 


- 
Data field containinq 
7Eh patterns. 


- 
Jam Pattern, which 
is the inverse 
CRC of the transmitted 
frame. 


Maximum 
length of the TDR frame is 2048 bits. If the 82596 senses collision 
while transmitting 
the TDR frame 
it transmits 
the jam pattern 
and stops the transmission. 
The 82596 then triggers 
an internal 
timer (STC); the 
timer 
is reset at the beginning 
of transmission 
and reset 
if CRS is returned. 
The timer 
measures 
the time 
elapsed from the start of transmission 
until an echo is returned. The echo is indicated 
by Collision 
Detect going 
active or a drop in the Carrier Sense signal. The following 
table lists the possible 
cases that the 82596 is able 
to analyze. 


Conditions 
of TOR as Interpreted 
by the 82596 


Transceiver 
Type 
Ethernet 
Non Ethernet 
Condition 


Carrier Sense was inactive for 2048-bit-time 
Short or Open on the 
NA 
periods 
Transceiver 
Cable 


Carrier Sense signal dropped 
Short on the Ethernet 
cable 
NA 


Collision 
Detect went active 
Open on the Ethernet 
cable 
Open on the Serial link 


The Carrier Sense Signal did not drop or the 
No Problem 
No Problem 
Collision 
Detect did not go active within 
2048-bit 
time period 


An Ethernet 
transceiver 
is defined 
as one that returns transmitted 
data on the receive 
pair and activates 
the 
Carrier Sense Signal while transmitting. 
A Non-Ethernet 
Transceiver 
is defined 
as one that does not do so. 


1-155 


• 


82596DX/SX 


The format 
of the Time Domain 
Reflectometer 
command 
is: 


82586 and 32-81t Segmented 
Modes 
31 
ODD WORD 
1615 
EVENWORD 
0 


EL 
S 
I 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 11 
o 
1 
cl 
S IOKI 0 
0 
000 
0 
0 
0 
o 
0 
0 
0 
0 


LNK XVR ET 
ETrl x I 
TIME 
A15 
LINK OFFSET 
AO 
OK PRS OPN SRT 
(11 bits) 
, 


Linear Mode 
3'1 
ODD WORD 
1615 
EVEN WORD 
0 


Ell 
S 1110 
0 
0 
o 
0 
0 
0 
0 
0 
011 
0 
1 1c 
S IOKI 0 
0 
000 
0 
0 
0 
0 
0 
0 
0 
0 


A31 
LINK ADDRESS 
AO 


o 
0 
0 
0 
0 
0 
0 
0 
0.0 
0 
0 
o 
0 
0 
0 I LNK I XVR I 
ET I 
ET I X I 
TIME 
OK 
PRS 
OPN 
SRT 
(11 bits) 


where: 


LINK ADDRESS, 
EL, B, C,I, S 


A 


Bits 19-28 


CMD (Bits 16-18) 


TIME 


LNK OK (Bit 15) 


XCVR PRB (Bit 14) 


ET OPN (Bit 13) 


ET SRT (Bit 12) 


Figure 32. TOR 


- 
As per standard 
Command 
Block (see the NOP command 
for details). 


- 
Indicates 
that the command 
was abnormally 
terminated 
due to CU Abort 
control 
command. 
If one, then the command 
was aborted, 
and if necessary 
it should 
be 
repeated. 
If this bit is zero, the command 
was not aborted. 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear Modes). 


- 
The TDR command. 
Value: 5h. 


- 
An t t-bit field that specifies 
the number of TxC cycles that elapsed 
before an echo 
was observed. 
No echo 
is indicated 
by a reception 
consisting 
of "1s" 
only. 
Be- 
cause the network 
contains 
various 
elements 
such as transceiver 
links, transceiv- 
ers, Ethernet, 
repeaters 
etc., the TIME is not exactly 
proportional 
to the problems 
distance. 


- 
No link problem 
identified. 
TIME =7FFh. 


- 
Indicates 
a Transceiver 
problem. 
Carrier Sense was inactive for 2048-bit 
time peri- 
od. LNK OK=O. 
TIME=7FFh. 


- 
The transmission 
line is not properly 
terminated. 
Collision 
Detect 
went active 
and 
LNK OK=O. 


- 
There is a short circuit on the transmission 
line. Carrier Sense Signal dropped 
and 
LNK OK=O. 
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'DUMP 


This command 
causes the contents 
of various 82596 registers 
to be placed in a memory area specified 
by the 
user. It is supplied 
as a 82596 self-diagnostic 
tool, and to provide 
registers 
of interest 
to the user. The format 
of the DUMP command 
is: 


82586 and 32·Blt 
Segmented 
Modes 
31 
ODD WORD 
1615 
EVEN WORD 
0 


IELI S I 1 I x 
x 
x 
x 
x 
x 
x 
x 
x 
X 11 
1 
01 c I B IOKI 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


IA15 
BUFFER OFFSET 
AoIA15 
LINK OFFSET 
AO 


Linear 
Mode 
31 
ODD WORD 
16 15 
EVEN WORD 
0 


ELl S I1 
I X 
x 
x 
x 
x 
x 
x 
x 
x 
X 11 
1 
01 cl 
B IOKI 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


A31 
LINK ADDRESS 
AO 


A31 
BUFFERADDRESS 
AO 


Figure 
33. Dump 


where: 


LINK ADDRESS, 
EL, B, C,I,S 


OK 


Bits 19-28 


CMD (Bits 16-18) 


BUFFER 
POINTER 


- 
As per standard 
Command 
Block (see the NOP command 
for details). 


- 
Indicates 
error free completion. 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear Modes). 


- 
The Dump command. 
Value: 6h. 


-In 
the 82586 
and 32-bit Segmented 
modes 
this is the 16-bit-offset 
portion 
of the 
dump area address. 
In the Linear mode this is the 32-bit linear address 
of the dump 
area. 


Dump 
Area 
Information 
Format 


• 
The 82596 
is not Dump compatible 
with the 82586 
because 
of the 32-bit internal 
architecture. 
In 82586 
mode the 82596 will dump the same number 
of bytes as the 82586. 
The compatible 
data will be marked 
with an asterisk. 


• 
In 82586 
mode the dump area is 170 bytes. 


• 
The dump area format 
of the 32-bit Segmented 
and Linear modes 
is described 
in Figure 35. 


• 
The size of the dump area of the 32-bit Segmented 
and Linear modes 
is 304 bytes. 


• 
When the dump is executed 
by the Port command 
an extra word will be appended 
to the Dump Area. The 
extra word is a copy of the Dump Area status word (containing 
the C. B, and OK bits). The C and OK bits 
are set when the 82596 
has completed 
the Port Dump command. 
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15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0 


DMA CONTROL 
REGISTER' 


CONFIGURE 
BYTES 
3, 2 


CONFIGURE 
BYTES 
5, 4 
~~. 


CONFIGURE 
BYTES 7, 6 


CONFIGURE 
BYTES 9, 8 


CONFIGURE 
BYTES 
10 
lA BYTES 
1, 0' 
lA BYTES 
3, 2' 


I.A. BYTES 
5, 4' 


LAST T.X. STATUS' 


T.X. CRC BYTES 
1, 0' 


T.X. CRC BYTES 
3, 2' 


R.X. CRC BYTES 
1, 0' 


R.X. CRC BYTES 
3, 2' 


R.X. TEMP 
MEMORY 
1, 0' 


R.X. TEMP 
MEMORY 
3, 2' 


R.X. TEMP 
MEMORY 
5, 4' 


LAST RECEIVED 
STATUS' 


HASH 
REGISTER 
BYTES 
1, 0' 


HASH 
REGISTER 
BYTES 
3, 2' 


HASH 
REGISTER 
BYTES 
5, 4' 


HASH 
REGISTER 
BYTES 7, 6' 


SLOT TIME COUNTER' 


WAIT TIME COUNTER' 


MICRO 
MACHINE" 


REGISTER 
FILE 


60 BYTES 


MICRO 
MACHINE 
LFSR" 


< 
., 


MICRO 
MACHINE 


FLAG ARRAY 


14 BYTES 


QUEUE 
MEMORY" 


CU PORT 
8 BYTES 


MICRO 
MACHINE 
ALU" 


RESERVED" 


M.M. TEMP A ROTATE 
R" 


M.M. TEMP 
A" 


T.X. DMA BYTE COUNT" 


r 
M.M. INPUT 
PORT ADDRESS" 


T.X. DMA ADDRESS" 


M.M. OUTPUT 
PORT" 


R.X. DMA BYTE COUNT" 


R.U. DMA ADDRESS" 


M.M. OUTPUT 
PORT ADDRESS 
REGISTER" 


RESERVED" 


BUS THROTTLE 
TIMERS 


DIU CONTROL 
REGISTER" 


RESERVED" 


DMA CONTROL 
REGISTER" 


BIU CONTROL 
REGISTER" 


M.M. DISPATCHER 
REGISTER" 


M.M. STATUS 
REGISTER" 


00 


02 


04 
06 


OB 
OA 
OC 
OE 


10 


12 


14 
16 
18 


1A 
1C 


1E 


20 


22 


24 
26 
28 


2A 
2C 


2E 


30 


82 
84 
86 


88 


8A 


BC 


BE 
90 
92 
94 
96 
98 


9A 


9C 


9E 
AO 


A2 


A4 


A6 


A8 


NOTE: 
'The 82596 is not Dump compatible 
with the 82586 because of the 32-bit 
internal architecture. In 82586 mode 
the 82596 will dump the same number 
of bytes as the 82586. The compati- 
ble data will be marked with an aster- 
isk. 
"These 
bytes are not user defined, 


results may vary from 
Dump com- 
mand to Dump command. 


6A 


6C 


6E 


7A 


7C 


Figure 34_ Dump· Area Format-82586 
Mode 
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31 
o 


NOTE: 
'The 82596 is not Dump compatible 
with the 82586 because of the 32-bit 
internal architecture. In 82586 mode 
the 82596 will dump the same number 
of bytes as the 82586. The compati- 
ble data will be marked with an aster- 
isk. 
"These 
bytes are not user defined, 
results may vary from 
Dump com- 
mand to Dump command. . 


CONFIGURE 
BYTES 5, 4, 3, 2 


CONFIGURE 
BYTES 
9, 8, 7, 6 


CONFIGURE 
BYTES 
13, 12, 11, 10 


lA BYTES 
1, 0 
X 
X 
X 
X 
X 
X 
X 
X 


lA BYTES 5, 2 
1 


TX CRC BYTES 
0, 1 
LAST T.X. STATUS 
1 


RX CRC BYTES 
0, 1 
TX CRC BYTES 
3, 2 
1 


RX TEMP 
MEMORY 
1, 0 
RX CRC BYTES 
3, 2 
1 


R.X. TEMP 
MEMORY 
5, 2 


HASH 
REGISTERS 
1, 0 
LAST R.X. STATUS 


HASH 
REGISTER 
BYTES 5, 2 


SLOT TIME COUNTER 
HASH 
REGISTERS 
7, 6 


RECEIVE 
FRAME 
LENGTH 
WAIT·TIME 
COUNTER 


MICRO 
MACHINE" 


REGISTER 
FILE 


128 BYTES 


MICRO 
MACHINE 
LFSR" 


MICRO 
MACHINE" 


FLAG ARRAY 
, 


28 BYTES 


M.M. INPUT PORT" 


16 BYTES 


MICRO 
MACHINE 
ALU" 


RESERVED" 


M.M. TEMP A ROTATE 
R." 


M.M. TEMP A" 


T.X. DMA BYTE COUNT" 


M.M. INPUT 
PORT ADDRESS 
REGISTER" 


T.X. DMA ADDRESS" 


M.M. OUTPUT 
PORT REGISTER" 


R.X. DMA BYTE COU~T" 


M.M. OUTPUT 
PORT ADDRESS 
REGISTER" 


R.X. DMA ADDRESS 
REGISTER" 


RESERVED" 


BUS THROTTLE 
TIMERS 
, 


DIU CONTROL 
REGISTER" 


RESERVED" 


DMA CONTROL 
REGISTER" 


BIU CONTROL 
REGISTER" 


M.M. DISPATCHER 
REG." 


M.M. STATUS 
REGISTER" 


00 


04 


08 


OC 


o 


4 


8 


C 


20 


24 


28 


2C 


30 


34 


BO 


B4 


B8 


DO 


04 
EO 


E4 


E8 


EC 


FO 


F4 


F8 


FC 


100 


104 


108 


10C 


110 


114 


118 


11C 


120 


124 


128 


12C 


Figure 35. Dump Area Format-Linear 
and 32-Bit Segmented 
Mode 
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DIAGNOSE 


The Diagnose 
Command 
triggers 
an internal 
self-test 
procedure 
that checks 
internal 
82596 
hardware. 
which 
includes: 


• 
Exponential 
Backoff 
Random 
Number 
Generator 
(linear 
Feedback 
Shift Register). 


• 
Exponential 
Backoff 
Timeout 
Counter. 


• 
Slot Time Period Counter. 


• 
Collision 
Number 
Counter. 


• 
Exponential 
Backoff 
Shift Register. 


• 
Exponential 
Backoff 
Mask Logic. 


• 
Timer Trigger 
Logic. 


This procedure 
checks 
the operation 
of the Backoff 
block. which 
resides 
in the serial side and is not easily 
controlled. 
The Diagnose 
command 
is performed 
in two phases. 


The format 
of the 82596 
Diagnose 
command 
is: 


ODD WORD 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


ODD WORD 


0 
0 
0 
0 
0 
0 
0 


o 
o 
000 
0 
0 


AO 


EVEN WORD 
0 
o 
0 
0 
0 
000 
0 
000 


AO 


Figure 36. Diagnose 


where: 


LINK ADDRESS. 
EL. B.C.I.S 


Bits 19-28 


CMD (bits 16-18) 


OK (bit 13) 


F(bit11) 


- 
As per standard 
Command 
Block (see the NOP command 
for details). 


- 
Reserved 
(0 in the 32-bit Segmented 
and Linear Modes). 


- 
The Diagnose 
command. 
Value: 7h. 


- 
Indicates 
error free completion. 


- 
Indicates 
that the self-test 
procedure 
has failed. 


RECEIVE 
FRAME DESCRIPTOR 


Each 
received 
frame 
is described 
by one 
Receive 
Frame 
Descriptor 
(see 
Figure 
37). Two 
new 
memory 
structures 
are available 
for the received 
frames. 
The structures 
are available 
only in the Linear 
and 32-bit 
Segmented 
modes. 
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L 
SCB 
RECEIVE FRAME AREA 
.--..• 
RFD 1 


RFA 
STATUS 
STATUS tr 


STATUS .r 
STATUS S 


POINTER 
I 
STATISTICS 
•... 
•... 
•... 


•...~ 
•... 1- 


TO 
EMPTY 
EMPTY 
EMPTY 
COMMAND 
RECEIVE 
VALID 
BLOCK 
FRAME 
PARAMETERS 
LIST 
DESCRIPTORS 
L 


RBDl 
RBD2 
I 
RBD3 
RBD4 
RBD5 
01 ACT-cnt tr 


1 I ACT-cnt If 
01 ACT-cnt lr 
01 ACT-cnt lJ 
01 ACT-cnt tr 
•... 
•... 
•... 
•... 
•... 


RECEIVE 
, 


BUFFER 
, 


DESCRIPTORS 
, 
• 
• 
• 
• 
L 
.i, 


~ 
.i 
-.L 


RECEIVE 
VALID 
VALID 


BUFFERS 
DATA 
DATA 
---- 
"--- 
- 
- 
- 
BUFFER 1 
BUFFER 2 
BUFFER 3 
BUFFER 4 
BUFFER 5 
I+-- RECEIVE FRAME LIST 
FREE FRAME LIST 


290219-15 


Figure 37. The Receive 
Frame Area 


Simplified Memory Structure 


The first is the Simplified 
memory 
structure, 
the data section 
of the received 
frame is part of the RFD and is 
located 
immediately 
after the Length Field. Receive 
Buffer Descriptors 
are not used with the Simplified 
struc- 
ture, it is primarily 
used to make programming 
easier. If the length of the data area described 
in the Size Field 
is smaller 
than the incoming 
frame, the following 
happens. 


1. The received 
frame is truncated. 


2. The No Resource 
error counter 
is updated. 


3. If the 82596 is configured 
to Save Bad Frames the RFD is not reused; otherwise, 
the same RFD is used to 
hold the next received 
frame, 
and the only action 
taken 
regarding 
the truncated 
frame 
is to update 
the 
counter. 


4. The 82596 
continues 
to receive the next frame 
in the next RFD. 
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Note 
that 
this sequence 
is very useful 
for monitoring. 
If the 82596 is configured 
to Save 
Bad Frames, 
to 
receive in Promiscuous 
mode, and to use the Simplified 
memory structure, 
any programmed 
length of received 
data can be saved in memory. 


The Simplified 
memory 
structure 
is shown 
in Figure 38. 


l 
~ 
- 
.. 


SCB 


STATUS LJTO COMMAND LIST 


CBl 
I 


4 
RECEIVE <RAME AREA 
• 
POINTER 
I 
, 


RfA 
I 
I 
11 
I 
fDl 
I 
fD2 
fD3 
fD4 
POINTER 
I 
I 
STATUS 
STATUS S 


STATUS LJ 


STATUS .r 
STATISTICS 
I 
I 
I 
I 
I 
- 
- 
- 
• 
• 
I 
I 
• 
BUS 
• 
. 
I 
• 
THROTIlE 
• 
I 
._-----_. 
I 
I 
• 
• 
• 
• 
• 
• 
I 
I 
• 
• 
• 
• 
• 
RECEIVE 
VARIABLE 
I 
• 
• 
• 
• 
• 
• 
fRAME 
DATA 
I 
• 
EMPTY. 
• 
I 
EMPTY 
• 
• 
EMPTY 
• 
DESCRIPTORS 
fiELD 
I 
• 
• 
I 
'. 
• 
• 
I 
• 
• 
I 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I 
• 
• 
• 
, 
• 
, 
I 
._----_. 
._-----. 
._----_ . 
I 
..-- 
RECEIVE fRAME 
LIST 
~I 
• 
fREE 
fRAME 
LIST 
., 
, 
, 
. 
. 
. 
290219-16 


Figure 38. RFA Simplified 
Memory 
Structure 


Flexible Memory Structure 


The second 
structure 
is the Flexible 
memory 
structure, 
the data structure 
of the received 
frame 
is stored 
in 
both the RFD and in a linked list of Receive 
Buffers-Receive 
Buffer Descriptors. 
The received 
frame is placed 
in the RFD as configured 
in the Size field. Any remaining 
data is placed 
in a linked list of RBDs. 


The Flexible 
memory 
structure 
is shown 
in Figure 39. 
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Buffers 
on the receive 
side can be different 
lengths. 
The 82596 will not place more bytes into a buffer than 
indicated 
in the associated 
RBD. The 82596 
will fetch 
the 
next 
RBD before 
it is needed. 
The 82596 
will 
attempt 
to receive 
frames 
as long as the 
FBL is not exhausted. 
If there 
are no more 
buffers, 
the 82596 
Receive 
Unit will enter the No Resources 
state. Before starting the RU, the CPU must place the FBL pointer in 
the RBD pointer field of the first RFD. All remaining 
RBD pointer fields for subsequent 
RFDs should be "1 s." If 
the Receive 
Frame Descriptor 
and the associated 
Receive 
Buffers 
are not reused (e.g., the frame is properly 
received 
or the 82596 is configured 
to Save Bad Frames), 
the 82596 writes the address 
of the next free RBD 
to the RBD pointer field of the next RFD. 


RECEIVE 
BUFFER 
DESCRIPTOR 
(RBD) 


The RBDs are used to store received 
data in a flexible 
set of linked buffers. 
The portion 
of the frame's 
data 
field that is outside the RFD is placed in a set of buffers 
chained 
by a sequence 
of RBDs. The RFD points to 
the first RBD, and the last RBD is flagged 
with an EOF bit set to 1. Each buffer 
in the linked 
list of buffers 
related 
to a particular 
frame 
can be any size up to 214 bytes but must be word 
aligned 
(begin on an even 
numbered 
byte). This ensures 
optimum 
use of the memory 
resources 
while 
maintaining 
low overhead. 
All 
buffers in a frame are filled with the received 
data except for the last, in which the actual count can be smaller 
than the allocated 
buffer space. 


SCB 
TO CO~~AND 
LIST 


STATUS 
RECEIVE 
FRA~E 
AREA 


CBl 
POINTER 
FDl 
FD2 


RFA 
STATUS 
POINTER 


STATISTICS 


BUS 


THROTTLE 
CONTROL 
._----- .. 
FIELD 


RECEIVE 
VARIABLE 
E~PTY 
E~PTY 
E~PTY 
FRAt.4E 
DATA 
DESCRIPTORS 
FIELD 
._----_. 
._----_ 
. 
._----_. 


RECEIVE 


BUFFER 
DESCRIPTORS 


RECEIVE 


BUFFERS 


VALID 


DATA 
E~PTY 
E~PTY 
E~PTY 


BUFFER 
1 
I 
BUFFER 
3 
BUFFER 
4 
,+--- RECEIVE 
FRA~E 
LIST ----I.~':.+.------ FREE 
FRA~E 
LIST 
------- 
•• :: 


BUFFER 
2 
BUFFER 
5 
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Figure 39. RFA Flexible Memory 
Structure 
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31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S I x 
x 
x 
x 
x 
x 
x 
x 
X 
x 
x 
x 
x 
x 
cl 
B IOKI 
0 I 
STATUS 
BITS 
10 
0 
0 
0 
0 
o 
0 


A15 
RBDOFFSET 
AO A15 
LINK OFFSET 
AO 4 


4th byte 
DESTINATION 
ADDRESS 
1st byte 8 


SOURCE 
ADDRESS 
1st byte 6th byte 
12 


6th byte 
4th byte 
16 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
LENGTH 
FIELD 
20 


Figure 40. Receive 
Frame Descriptor-82586 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


ELl S 10 
0 
0 
0 
0 
0 
0 
0 
0 
o ISFI 
0 
0 
0 
C 
I B IOKI 
STATUS 
BITS 
0 


A15 
RBDOFFSET 
AO A15 
LINK OFFSET 
AO 4 


0101 
SIZE 
EOFI FI 
ACTUAL 
COUNT 
8 


4th byte 
DESTINATION 
ADDRESS 
1st byte 12 


SOURCE 
ADDRESS 
1st byte 6th byte 
16 


6th byte 
4th byte 
20 


LENGTH 
FIELD 
24 


OPTIONAL 
DATA AREA 


Figure 41. Receive 
Frame Descriptor-32-Bit 
Segmented 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


Ell si 0 
0 
0 
0 
0 
0 
0 
0 
0 
o ISFI 0 
0 
0 
C 
I B IOKI 
STATUS 
BITS 
0 


A31 
LINK ADDRESS 
AO 4 


A31 
RECEIVE 
BUFFER 
DESCRIPTOR 
ADDRESS 
AO 8 


0101 
SIZE 
EOFI 
FI 
ACTUAL 
COUNT 
12 


4th byte 
r 
DESTINATION 
ADDRESS 
1st byte 16 


SOURCE 
ADDRESS 
1st byte 
6th byte 
20 


6th byte 
4th byte 
24 


LENGTH 
FIELD 
28 


OPTIONAL 
DATA AREA 


Figure 42. Receive 
Frame Descriptor-Linear 
Mode 
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where: 
EL 
S 
SF 


C 


B 


OK (bit 13) 


STATUS 


LINK ADDRESS 


RBDPOINTER 


EOF 
F 
SIZE 
ACT COUNT 
MC 
DESTINATION 
ADDRESS 
SOURCEADDRESS 


- 
When set, this bit indicates that this RFD is the last one on the RDL. 


- 
When set, this bit suspends the RU after receiving the frame. 
- 
This bit selects between the Simplified or the Flexible mode. 
0- 
Simplified mode, all the RX data is in the RFD. RBD ADDRESS field is all 
H1s." 


1 - 
Flexible mode. Data is in the RFD and in a linked list of Receive Buffer De- 
scriptors. 
- 
This bit indicates the completion of frame reception. It is set by the 82596. 
- 
This bit indicates that the 82596 is currently receiving this frame, or that the 82596 
is ready to receive the frame. It is initially set to 0 by the CPU. The 82596 sets it to 
1 when reception set up begins, and to 0 upon completion. The C and B bits are 
set during the same operation. 
- 
Frame received successfully, without errors. RFDs with bit 13 equal to 0 are possi- 
ble only if the save bad frames configuration option is selected. Otherwise all 
frames with errors will be discarded, although statistics will be collected on them. 


- 
The results of the Receive operation. Defined bits are, 
Bit 12: 
Length error if configured to check length 
Bit 11: 
CRC error in an aligned frame 
Bit 10: 
Alignment error (CRC error in misaligned frame) 
Bit 9: 
Ran out of buffer space-no 
resources 
Bit 8: 
DMA Overrun failure to acquire the system bus. 
Bit 7: 
Frame too short. 
Bit 6: 
No EOP flag (for Bit stuffing only) 
Bit 5: 
When the SF bit equals zero, and the 82596 is configured to save bad 
frames, this bit signals that the received frame was truncated. Otherwise 
it is zero. 


Bits 2-4: 
Zeros 
Bit 1: 
When it is zero, the destination address of the received frame matches 
the lA address. When it is 1, the destination address of the received 
frame does not match the individual address. For example, a multicast 
address or broadcast address will set this bit to a 1. 
Bit 0: 
Receive collision, a collision is detected during reception. 
- 
A 16-bit offset (32-bit address in the Linear mode) to the next Receive Frame 
Descriptor, 
The Link Address of the last frame can be used to form a cyclical list. 


- 
The offset (address in the Linear mode) of the first RBD containing the received 
frame data. An RBD pointer of all ones indicates no RBD. 


- 
These fields are for the Simplified and Flexible memory models. They are exactly 
the same as the respective fields in the Receive Buffer Descriptor. See the next 
section for detailed explanation of their functions. 


- 
Multicast bit. 


- 
The contents of the destination address of the receive frame. The field is 0 to 6 
bytes long. 


- 
The contents of the Source Address field of the received frame. It is 0 to 6 bytes 
long. 
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LENGTH 
FIELD 
- 
The contents 
of this 2-byte field are user defined. 
In 802.3 it contains 
the length of 
the data field. 
It is placed 
in memory 
in the same 
order 
it is received, 
Le., most 
significant 
byte first, least Significant 
byte second. 


NOTES 
1. The Destination 
address, 
Source 
address 
and Length fields are packed, 
Le., one field immediately 
follows 
the next. 
2. The affect 
of Address/Length 
Location 
(No Source 
Address 
Insertion) 
configuration 
parameter 
while 
re- 
ceiving 
is as follows: 


- 
82586 
Mode: The Destination 
address, 
Source 
address 
and Length field are not used, they are placed 
in 
the RX data buffers. 


- 
32-Bit Segmented 
and Linear Modes: when the Simplified 
memory model is used, the Destination 
address, 
Source 
address 
and .Length 
fields reside in their respective 
fields in the RFD. When the Flexible 
memory 
strucrture 
is used the Destination 
address, 
Source address, 
and Length field locations-depend 
on the SIZE 
field of the RFD. They can be placed in the RFD, in the RX data buffers, or partially in the RFD and the rest 
in the RX data buffers, 
depending 
on the SIZE field value. 


82586 Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


A15 
NEXT RBD OFFSET 
AolEOFI 
F I 
ACTUAL 
COUNT 
0 


X 
X 
X 
X 
X 
X 
X 
X IA23 
RECEIVE 
BUFFER 
ADDRESS 
Aa 4 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X I EL I X I 
SIZE 
8 


32-Bit Segmented 
Mode 


31 
ODD WORD 
1615 
EVEN WORD 
0 


A15 
NEXT RBD OFFSET 
AOIEOFI 
F I 
ACTUAL 
COUNT 
0 


A31 
RECEIVE 
BUFFER 
ADDRESS 
, 
AO 4 


a 
0 
0 
0 
a 
a 
0 
0 
a 
a 
0 
0 
a 
0 
0 
a I EL I pi 
SIZE 
8 


Linear Mode 
31 
• 
ODD WORD 
1615 
EVEN WORD 
a 


0 
0 
a 
0 
0 
0 
a 
a 
0 
a 
a 
0 
0 
a 
a 
o IEOFI 
F I 
ACTUAL 
COUNT 
0 


A31 
NEXT RBD ADDRESS 
AO 4 


A31 
RECEIVE 
BUFFER 
ADDRESS 
AO 8 


0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o I EL I pi 
SIZE 
,- 


Figure 43. Receive 
Buffer Descriptor 
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where: 


EOF 
- 
Indicates 
that this is the last buffer 
related 
to the frame. 
It is cleared 
by the CPU 
before starting 
the RU, and is written 
by the 82596 at the end of reception 
of the 
frame. 


F 
- 
Indicates that this buffer has already been used. The Actual Count has no meaning 
unless the F bit equals one. This bit is cleared 
by the CPU before starting 
the RU, 
and is set by the 82596 after the associated 
buffer has been. This bit has the same 
meaning 
as the Complete 
bit in the RFD and CB. 


ACT COUNT 
- 
This 
14-bit quantity 
indicates 
the number 
of meaningful 
bytes 
in the buffer. 
It is 
cleared 
by the CPU before 
starting 
the RU, and is written 
by the 82596 
after the 
associated 
buffer 
has already 
been used. 
In general, 
after 
the buffer 
is full, the 
Actual 
Count value equals the size field of the same buffer. 
For the last buffer 
of 
the frame, Actual 
Count can be less than the buffer size. 


NEXT BD ADDRESS 
- 
The offset 
(absolute 
address 
in the Linear mode) of the next RBD on the list. It is 
meaningless 
if EL = 1. 


BUFFER ADDRESS 
- 
The starting 
address 
of the memory 
area that contains 
the received 
data. In the 
82586 
mode, this is a 24-bit address 
(with pins A24-A31 
= 0). In the 32-bit Seg- 
mented 
and Linear modes this is a 32-bit address. 


EL 
- 
Indicates 
that the buffer associated 
with this RBD is last in the FBL. 


P 
- 
This bit indicates 
that the 82596 has already prefetched 
the RBDs and any change 
in the RBD data will be ignored. 
This bit is valid only in the new 82596 
memory 
modes, 
and 
if this 
feature 
has been 
enabled 
during 
configure 
command. 
The 
82596 Prefetches 
the RBDs in locked cycles; after prefetching 
the RBD the 82596 
performs 
a write cycle where the P bit is set to one and the rest of the data remains 
unchanged. 
The CPU is responsible 
for resetting 
it in all RBDs. The 82596 will not 
check this bit before 
setting 
it. 


SIZE 
- 
This 14-bit quantity 
indicates 
the size, in bytes, of the associated 
buffer. This quan- 
tity must be an even number. 
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ELECTRICAL 
AND TIMING 
CHARACTERISTICS 


D.C. CHARACTERISTICS 


TC = 0°C-85°C. 
vcc = 5V ± 10% CLK2 and LE/BE 
have MOS levels (see VMll. 
VMIH). 


All other signals 
have TTL levels (see Vll. 
VIH. VOL. VOH). 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Vll 
Input Low Voltage 
(TIL) 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
(TIL) 
2.0 
vcc + 0.3 
V 


VMll 
Input Low Voltage 
(MOS) 
-0.3 
+0.8 
..#~V 


VMIH 
Input High Voltage 
(MOS) 
3.7 
vcc + 0.3",~ ~V 


VOl 
Output Low Voltage 
(TIL) 
~0.4_~~ 
V 
IOl = 4.0 mA(l) 


VCll 
RxC. TxC Input Low Voltage -:;jt )} .4.~ 
V 


VCIH 
RxC. TxC Input High Voltage 
cYi~.~~5 
V 


VOH 
Output High Voltage 
(TIL) 
A: i~.4<~ .~~y 
V 
IOH = 0.9mA-1 
mA(l) 


III 
Input Leakage Current 
-.<J:..J. 
e-. ~l"±15 
/-LA 
o cS: VIN s vcc 


ILO 
Output Leakage Current ~ 
~.A(l 


.., 


±15 
/-LA 
0.45 < VOUT < vcc 


CIN 
Capacitance 
of Input Buffer:.(\ "',~'" 
10 
pF 
FC = 1 MHz 


COUT 
Capacitance 
of Inp~~iPUt 
-" 
12 
pF 
FC = 1 MHz 
Buffer 


CClK 
CLK Capacitance~V 
20 
pF 
FC = 1 MHz 


tee 
Power Supply 
150 
mA 
At 16 MHz 
for the 82596SX 


Icc 
Power Supply 
200 
mA 
At 25 MHz 


Ice 
Power Supply 
300 
mA 
At 33 MHz 
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82596DX 
INPUT/OUTPUT 
SYSTEM 
TIMINGS 
TC = O°Cto +85°, VCC= 5V ±10% 


These timings assume the Cl on all outputs is 50 pF unless otherwise specified. Cl can be 20 pF to 120 pF, 
however, timings must be derated. 
All timing requirements are given in nanoseconds. 


Symbol 
Parameter 
25MHz 
Notes 
Min 
Max 


Operating Frequency 
, 
12 MHz 
25MHz 
CLK2/2 


T1 
CLK2 Period 
20 
40 


T2 
CLK2 High 
4 
3.7V 


T3 
CLK2 Low 
5 
0.8V 


T4 
CLK2 Rise Time 
- 
7 
11>. 
0.8V to 3.7V 


T5 
CLK2 Fall Time 
- 
KJ~A- 
3.7Vto 0.8V 


T13 
CA and BREQ Setup Time 
7 
L 
1,2,3 


T14 
CA and BREQ Hold Time 
3 
1,2,3 
- 


T26 
CA and BREQ, PORT Pulse Width 
4 T1 
3 


T25 
INT Valid Delay 
~ 
1 
26 


T6 
BEx, LOCK,and A2-A31 Valid'Delay 
4&/ 
21 


T7 
BEx, LOCK,and A2-A31 f't~"lt!l~lay 
~\,rl 
4.' 
30 


T8 
W/R and ADS Valid Qelay 
4 
21 


T9 
W/R and ADS FloafD~ay 
~ ))"" 
4 
30 


T10 
00-031 
Write))ata Valid Delay 
e- 
3 
22 


T11 
00-031 
Write Data Float ~elay 
4 
22 


T27 
00-031 
CPU PORJ:Acces';.~~ 
Time 
7 
2 


T28 
00-031 
CPU ~O~{').bcess~61tl 
Time 
5 
2 


T29 
PORT Setupn~' 
~ 
7 
2 


T30 
PORT Iioid Time 
3 
2 


T17 
ROYSe(up Time 
9 
2 


T18 
ROYHold Time 
3 
2 


T19 
00-031 
READ Setup Time 
7 
2 


T20 
00-031 
READ Hold Time 
5 
2 


T12 
HOLD Valid Delay 
4 
22 


T21 
HLOA Setup Time 
10 
1,2 


T22a 
HLOA Hold Time 
3 
1,2 


T23 
RESET Setup Time 
10 
2 


T24 
RESET Hold Time 
3 
2 
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A.C. CHARACTERISTICS 
(Continued) 


82596DX 
INPUT IOUTPUT 
SYSTEM 
TIMINGS 
Tc = O°C to + 85°C, VCC = 5V ± 5% 


These timings 
assume the CL on all outputs 
is 50 pF unless otherwise 
specified. 
CL can be 20 pF to 120 pF, 
however, 
timings 
must be derated. 
All timing requirements 
are given in nanoseconds. 


Symbol 
Parameter 
33MHz 
Notes 


I 
Mln 
Max 


Operating 
Frequency 
12.5 MHz 
33MHz 
CLK2/2 


T1 
CLK2 Period 
15 
40 


T2 
CLK2 High 
4.5 
3.7V 


T3 
CLK2 Low 
4.5 
&: 
0.8V 


T4 
CLK2 Rise Time 
- 
4 
3.7Vto 
0.8V 


T5 
CLK2 Fall Time 
- 
4 
0.8Vto 
3.7V 


T13 
CA and SREQ Setup Time 
7 
1,2,3 


T14 
CA and SREQ H~ld Time 
3 
1,2,3 


T26 
CA and SREQ, PORT Pulse Width 
~ 
4 T1 
3 


T25 
INT Valid Delay 
1 
20 


T6 
SEx, LOCK, and A2-A31 
Valid Delay 
4 
15 


T7 
SEx, LOCK, and A2-A31 
Float Delay 
4 
20 


T8 
W IR and ADS Valid Delay 
4 
15 


T9 
W/R 
and ADS Float'Oelay 
]) 
4 
20 


T10 
00-031 
Write Oata Valid Delay 
~ 
3 
19 


T11 
00-031 
Write Data Float Delay 
4 
17 


T27 
00-031 
CPU PORT Access 
Setup Time 
5 
2 


T28 
00-031 
CPU PORT Access 
Hold Time 
3 
2 


T29 
PORT Setup Time 
7 
2 


T30 
PORT Hold Time 
3 
2 


T17 
ROY Setup Time 
7 
'. 
2 


T18 
ROY Hold Time 
3 
2 


T19 
00-031 
READ Setup Time 
5 
, 
2 


T20 
00-031 
READ Hold Time 
3 
2 


T12 
HOLD Valid Delay 
3 
19 


T21 
HLOA Setup Time 
8 
1,2 


T22a 
HLOA Hold Time 
3 
1,2 


T23 
RESET Setup Time 
8 
2 


T24 
RESET Hold Time 
3 
2 
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A.C. CHARACTERISTICS 
(Continued) 


82596SX 
INPUT/OUTPUT 
SYSTEM 
TIMINGS 
Tc = o-c e + 85·C, vcc = 5V ±10% 


These timings 
assume 
the CL on all outputs 
is 50 pF unless otherwise 
specified. 
CL can be 20 pF to 120 pF, 
however, 
timings 
must be derated. 
All timing requirements 
are given in nanoseconds. 


Symbol 
Parameter 
20MHz 
Notes 
Mln 
Max 


Operating 
Frequency 
12.5 MHz 
20MHz 
CLK2/2 


T1 
CLK2 Period 
25 
40 


T2 
CLK2 High 
8 
at2.0V 


T3 
CLK2 Low 
8 
at2.0V 


T4 
CLK2 Rise Time 
- 
8 
0.8Vto 
3.7V 


T5 
CLK2 Fall Time 
- 
8 
3.7Vto 
0.8V 


T13 
CA and BREa 
Setup Time 
- 
10 
<: 
1,2,3 


T14 
CA and BREa 
Hold Time 
8 
!'.I'~'\.:V 
1,2,3 


T26 
CA and BREa, 
PORT Pulse Width 
I~ 
4 T1 
3 


T25 
INT Valid Delay 
1 
~ 
35 


T6 
BHE, BLE, LOCK, BON, and A 1-A3\ 
0;,"4 
30 
Valid Delay 
.••, 
" 
"-~$:~~ 


T7 
BHE, BLE, LOCK, BON, and A 1~A31 
e 


..,;, 
4.:....••• 


30 
Float Delay 


T8 
W IR and ADS Valid f>elay 
~",,\ 
4 
26 


T9 
WIR 
and ADS Float Delay 
~.4 
::Y 
<t:. ~..• 
4 
30 


T10 
DO-D15 
WritE(Data Valid DelaY"... 
~ 
4 
38 


T11 
DO-D15 
Write Data Flgst'Deli:1y 
4 
27 


T27 
DO-D15 
CPU PORT Access 
Setup Time 
9 
2 


T28 
DO-D15 
CPU ~ 
.AcceSs Hold Time 
6 
2 


T29 
PORT Setup Time 
10 
2 


T30 
PORT Hold Time 
8 
2 


T17 
RDY SetupTime 


- 


12 
2 


T18 
RDY Hold Time 
5.5 
2 


T19 
DO-D15 
READ Setup Time 
9 
2 


T20 
DO-D15 
READ Hold Time 
6 
2 


T12 
HOLD Valid Delay 
4 
28 


T21 
HLDA Setup Time 
15 
1,2 


T22a 
HLDA Hold Time 
8 
1,2 


T23 
RESET Setup Time 
12 
1,2 


T24 
RESET Hold Time 
4 
1,2 
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A.C. CHARACTERISTICS 
(Continued) 


82596SX 
INPUT/OUTPUT 
SYSTEM 
TIMINGS 
TC = o-cto + 85·C, VCC = 5V ±10% 


These timings 
assume the CL on all outputs 
is 50 pF unless otherwise 
specified. 
CL can be 20 pF to 120 pF, 
however, 
timings 
must be derated. 
All timing requirements 
are given in nanoseconds. 


Symbol 
Parameter 
16MHz 
Notes 
Mln 
Max 


Operating 
Frequency 
12.5 MHz 
16MHz 
CLK2/2 


T1 
CLK2 Period 
31 
40 


T2 
CLK2 High 
9 
2.0V 


T3 
CLK2 Low 
9 
2.0V 


T4 
CLK2 Rise Time 
- 
L8 
0.8Vt03.7V 


T5 
CLK2 Fall Time 
- 
Ih.84' 
3.7Vto 
0.8V 


T13 
CA and BREQ Setup Time 
11 
~..:/ 
1,2,3 


T14 
CA and BREQ Hold Time 
8", ') 
r" 
1,2,3 


T26 
CA and BREQ, PORT Pulse Width 
_.•..•..\. 
4£1tl~ 
3 


T25 
INT Valid Delay 
~v 
~~ 
40 


T6 
BHE, BLE, LOCK, BON, and A 1-A31 
Vat~-l§elay 
~ Y4" 
36 


T7 
BHE, BLE, LOCK, BON, and A 1-A31 'Pioat Delay .•.. -~ 
4, 
40 


T8 
W/R and ADS Valid Delay 
..~,- 
,# 
•.~4 
33 
T9 
W/R and ADS Float Delay 
•• 
~' 
" 
...< .•.. 
4 
35 


T10 
00-015 
Write Data Valid Oe~ 
~ 
A~;:" 4 
40 
\ 


T11 
00-015 
Write Data FloatX>-8l8y 
-"'< 
" 
," 
4 
35 
T27 
00-015 
CPU PORT ~ 
Setup>TlITle 
~~ 
..•. 
9 
2 
T28 
00-015 
CPU PORTKccess 
HOld'l1me 
" 
V 
6 
2 
T29 
PORT Setup Tim« 
A 
A"t!'o",;' 
11· 
2 
T30 
PORT Hold Time 
""'~ 
.:,'1;'\"" 
8 
2 
T17 
ROY Setup Time 
A'~'~ 
19 
2 
T18 
ROY Hold Time 
.-~ ... ,~ 
6 
2 
T19 
00-015 
READ ~fu.P.."me 
~ 
9 
2 
T20 
00-015 
READ Hold Time 
6 
2 
T12 
HOLD Vali~~ay 
4 
33 


T21 
HLOAS 
tuDl1me 
15 
1,2 
T22a 
HLOAHl Id Time 
8 
1,2 
T23 
RESET 
etup Time 
13 
1,2 
T24 
RESET Hold Time 
4 
1,2 


NOTES: 
1. RESET, HLDA, and CA are internally syhchronized. This timing is to guarantee recognition at next clock for RESET, 
HLDA, and CA. 
2. All set-up, hold, and delay timings are at the maximum frequency specification Fmax, and must be derated according to 
the following equation for operation at lower frequencies: 
Tderated = (Fmax/Fopr) x T 
where: 
Tderated = Specifies the value to derate the specification. 
Fmax = Maximum operating frequency. 
Fopr = Actual operating frequency. 
T = Specification at maximum frequency. 
This calculation only provides a rough estimate for derating the frequency. For more detailed information contact your Intel 
sales office for the data sheet supplement. 
3. CA is internally synchronized; if the setup and hold times are met then CA needs to be only 2 T1. BREQ and PORT are 
not internally synchronized. BREQ must meet setup and hold times and need only be 2 T1 wide. 


1-172 


inter 
82596DX/SX 


TRANSMIT IRECEIVE 
CLOCK 
PARAMETERS 


Symbol 
Parameter 
20MHz 
Notes 
Mln 
Max 


T36 
TxCCycle 
50 
1,3 


T38 
TxC Rise Time 
5 
1 


T39 
TxCFallTime 
5 
1 


T40 
TxC High Time 
19 
i~ 
1,3 


T41 
TxCLowTime 
18 
,i) ,'9 
1,3 


T42 
TxD Rise Time 
" 
A~ 
~ 
10 
4 


T43 
TxDFallTime 
A;'I~ 
t::;.~. 
10 
4 


T44 
TxD Transition 
<:tt.....~ 
.) 'q,.;20 
2,4 


T45 
TxC Low to TxD Valid 
~V 
,..,'" I> A 
25 
4,6 


T46 
TxC Low to TxD Tran» 
,.... 
A"'ft.r -~ 
25 
2,4 


T47 
TxC High to TxD Tran 
',. 
V ~s: 
25 
2,4 


T48 
TxC Low to TxDpjfg~"'End 
9,H~t!~~ 
25 
4 


RTS AND CTS PARAMETER~ W 
h~ 
~ ..•' 


T49 
TxC Low~~ 
Low, 
~<l.VV 
25 
5 
Time to Acti at~mj~ 


T50 
CTS LowtoTx 
i]~Time 
20 


T51 
TxC Lowto~ 
~~ali~'Hold 
Time 
10 
7 


T52 
TxC Lo~ t~ 
~High •••• 
25 
5 


RECEIVE 
CLOCK P ~TERS 


T53 
~ 
~cle 
50 
1,3 


T54 
~ 
RiseTime 
5 
1 


T55 
AXe Fall Time 
5 
1 


T56 
AXe High Time 
19 
1 


T57 
RxCLowTime 
18 
1 


RECEIVED 
DATA PARAMETERS 


T58 
RxD Setup Time 
20 
6 


T59 
RxD Hold Time 
10 
6 
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TRANSMIT/RECEIVE 
CLOCK 
PARAMETERS 
(Continued) 


Symbol 
Parameter 
20MHz 
Notes 


I 
Mln 
Max 


RECEIVED 
DATA PARAMETERS 
(Continued) 


T60 
RxD Rise Time 
10 


T61 
RxD Fall Time 
10 


CRS AND COT PARAMETERS 
t. 
.,. 


T62 
CDT Low to TxC HIGH 
20 
External Collision 
Detect Setup Time 


T63 
TxC High to CDT Inactive, cor Hold Time .••• 
~tO 


T64 
CDT Low to Jam Start 


#' 
~' 
10 


T65 
CRS Low to TxC High, 
~ 
20 
Carrier Sense Setup Time 
" 
T66 
TxC High to CRS-Inactive, 
CRS Hold Til'Jle"::' 
10 


T67 
CRS High to Jamming 
Start, 


@~ 


12 
(Internal Conrsion De\ect) 


T68 
Jamming 
Period 
~/ 
~ 
0;"0> 
11 


T69 
CRS High to ~ 
High, 
_)V 


30 
CRS Inactive Setup Time 


T70 
RXC H~h to CRS High, 
10 
CRS IQtlctive Hold Time 


INTER FRAME SPACING 
PARAMETERS 


T71 
In(~rframe 
Delay 
I 
9 


EXTERNAL 
LOOPBACK-PIN 
PARAMETERS 


T72 
TxC Low to LPBK Low 
T36 
4 


T73 
TxC Low to LPBK High 
T36 
4 


NOTES: 
1. Special 
MOS levels, 
Veil 
= 0.9V and VelH = 3.0V. 


2. Manchester 
only. 


3. Manchester. 
Needs 
50% 
duty cycle. 
4. 1 TTL load + 50 pF. 
5. 1 TTL load + 100 pF. 
6. NRZ only. 
7. Abnormal 
end of transmission-CTS 
expires 
before 
RTS. 
8. Normal 
end to transmission. 
9. Programmable 
value: 
T71 = NIFS. 
T36 
where: 
NIFS = the IFS configuration 
value 
(if NIFS is less than 
12 then 
NIFS is forced 
to 12). 


10. Programmable 
value: 


T64 = (NeDF. 
T36) + x» T36 
(If the collision 
occurs 
after the preamble) 
where: 
NeDF = the collision 
detect 
filter configuration 
value, 
and 


x= 
12,13, 
14, or 15 
11. T68 = 32. 
T36 
12. Programmable 
value: 


T67 
= (NCSF. 
T36) + x. T36 
where: 
NCSF = the Carrier 
Sense 
Filter configuration 
value, 
and 
x= 
12,13, 
14,or15 
13, To guarantee 
recognition 
on the next clock. 
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82596DX/SX 
BUS OPERATION 


The following 
figures 
show thae basic bus cycles for the 82596DX 
and 82596SX. 


For more details 
refer to the 32-8it 
LAN Components 
Manual. 


CYCLE 
1 
CYCLE 
2 


BE3-BEO,A31-A2, 


wjR 
(OUTPUTS) 


RDY 
(INPUT) 


LOCK 
(OUTPUT) 


031-00 
(OUTPUT 
DURING 
WRITE) 


290219-42 


Figure 
44. Basic 82596DX 
Bus Cycles 


CYCLE 
1 
CYCLE 
2 
CYCLE 
3 


n 
n 
n 
n 
n 
n 


_1 
1_2 
_1 
1_2 
_1 
1_2 
_1 
1_2 
_1 
1_2 
.1 
1_2 
_1 


RDY 
(INPUT) 


CLK2 
(INPUT) 


BHE-BLE,A31-A1, 


BON,WjR 
(OUTPUTS) 


ADS 
(OUTPUT) 


LOCK 
(OUTPUT) 


015-00 
(INPUT 
DURING 
READ) 


015-00 
(OUTPUT 
DURING 
WRITE) 


290219-43 


Figure 
45. Basic 82596SX 
Bus Cycles 
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82596DX/SX 


SYSTEM 
INTERFACE 
A.C. TIMING 
CHARACTERISTICS 


The measurements 
should 
be done at: 


• 
TC = 0°C-85°C, 
vcc = 5V ± 10%, C = 50 pF unless otherwise 
specified. 


• 
A.C. testing 
inputs are driven at 2.4V for a logic "1" 
and 0.45V for a logic "0". 


• 
Timing 
measurements 
are made at 1.5V for both logic "1" 
and "0". 


• 
Rise and Fall time of inputs and outputs 
signals are measured 
between 
0.8V and 2.0V respectively 
unless 
otherwise 
specified. 


• 
All timings 
are relative 
to CLK2 crossing 
the 1.5V level. 


• 
All A.C. parameters 
are valid only after 100 ,...sfrom power up. 


290219-18 


T3 


2.~V 
~ 
1.5V Test Point ~ 
O.~5V~ 
~ 


~-----Tl----~ 


290219-19 


Figure 46. CLK2 Timings 


Two types of timing specifications 
are presented 
below: 


1. Input Timing-minimum 
setup and hold times. 


2. Output 
Timings-output 
delays and float times from CLK2 rising edge. 


Figure 45 defines 
how the measurements 
should be done: 


1.5V 


290219-20 


LEGEND: 
Ts = Input Setup 
Time 
Th = Input Hold Time 
Tn = Minimum 
output 
delay or Mininum 
float delay 
Tx = Maximum 
output 
delay or Maximum 
float delay 


Figure 47. Drive Levels and Measurements 
Points for A.C. Specifications 
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INPUT WAVEFORMS 


Ts = T13, T15, T17, T19, T21, T23, T27, T29, T31 
Th = T14, T16, T18, T20, T22, T22a, T24, T28, T30, T32 


CLK2 


(PHI 2) 


BREQ 


CA ----/~~--------~'I'---- 
• 


290219-21 
'------------ 
Figure 48. CA and BREQ Input Timing 


(PHI1) 
'":~: 
~~'1-,!, 
290219-22 


Figure 49. INTliNT Output Timing 


290219-23 


HOLD 
~ 


CLK 


HLDA 
.....J ~ 
.J ~ 
_ 


Figure 50. HOLD/HLDA Timings 


290219-24 


(PHI 2) 
(PHI1) 


CLK2 


031-00 


Figure 51. Input Setup and Hold Time 
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290219-25 


-i 


T1 
(PHI1) 
r(PHI2) 


CLK2 
". 


T6:L.'----I 
•• I 
T60 


1.4IN 
I.4AX 


__ 
A31-A2,BEn, 
.....;V~A-L-ID-n~n+1 
BHE,BLE, BON, LOCK (T6) 
~ 
I-T8---J 
'I 
I 
I 
_1~I.4AX 


VALlDn~n+1 
r T1°:l:!::lI.4AX 


_____ 
~ID 
DATA 


WjR, ADS 


031-00 
(OUTPUT) 


Figure 52, Output Valid Delay Timing 


(PHI1) 
(PHI2) 


CLK2 


1.4IN 
I.4AX 


FLOAT 
VALID n 


I.4IN 
I.4AX 


FLOAT 
VALID n 


1.4IN 
I.4AX 


FLOAT 
VALID n 


A31-A2, 
BEn 
BHE,BLE,BON,LOCK 


031-00 
(OUTPUT) 
290219-26 


Figure 53, Output 
Float Delay Timing 


CLK2 


031-00 


290219-27 


Figure 54. PORT Setup and Hold Time 
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RESET 


290219-28 


Figure 55. RESET Input Timing 


SERIAL A.C. TIMING CHARACTERISTICS 


3.0V 


O.9V 
I--T41j 
T57 ~ 
I------t~~-~~- 
290219-29 


Figure 56. Serial Input Clock Timing 


TxC 


RTS 


CTS 


COT I 


T62 


TxD--v- ----~6~_ ~i.,.-__T!~ 
:.~I 
T_6_7=1v' 
_ 


(NRZ) 
__ 
~I\ ••• 
~I\,., 
' 
'~ 
• 


--jT441- 


TxO.-",,~-'v'-"'v-- 
- - - - .',,'.',,". 
- - - - .,.------------------_ 
(~ANCHESTER)_•• " •••• " •••• " ••• 
•• " •••• " ••• 
' 


290219-30 


Figure 57. Transmit Data Waveforms 
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TxD-----,;.......1,. 
(NRZ) 
---~'<.-----~'1..-- - - -t--+----------- 
TxD 
H 
T~7 r- .-----.. ----- 
(t.4ANCHESTER) 
~L 
il-----y-v--V] 
mJ 
.·-----C:J-A-/ 


CDT------t-----t----t+-~::=--+-------------- 


CRS-----~~---t-----t~----t~-~~-~~-2--~--- 


290219-31 


Figure 58. Transmit 
Data Waveforms 
r----------------------- 


RxD 
_ 


290219-32 


Figure 59. Receive 
Data Waveforms 
(NRZ) 


290219-33 


Figure 60. Receive 
Data Waveforms 
(CRS) 
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OUTLINE 
DIAGRAMS 


132 LEAD CERAMIC 
PIN GRID ARRAY 
PACKAGE 
INTEL TYPE A 


290219-36 


SEATlN~ 
PLANE 


I1lB (ALL 
PINS) 


~~ 


SWAGGED 
PIN 
DETAIL 


Family: Ceramic 
Pin Grid Array Package 


Symbol 
Mllllmetera 
Inches 


Mln 
Max 
Notes 
Mln 
Max 
Notes 


A 
3.56 
4.57 
0.140 
0.180 


A1 
0.76 
1.27 
Solid Lid 
0.030 
0.050 
Solid Lid 


A2 
2.67 
3.43 
Solid Lid 
0.105 
0.135 
Solid Lid 


A3 
1.14 
1.40 
0.045 
0.055 


B 
0.43 
0.51 
0.017 
0.020 


0 
36.45 
37.21 
1.435 
1.465 


01 
32.89 
33.15 
1.295 
1.305 


81 
2.29 
2.79 
0.090 
0.110 


L 
2.54 
3.30 
0.100 
0.130 


N 
132 
132 


S1 
1.27 
2.54 
0.050 
0.100 


ISSUE 
IWS 
10/12/88 
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Symbol 
Description 
Min 
Max 
Mln 
Max 
Mln 
Max 
Min 
Max 
Mln 
Max 
Mln 
Max 


N 
Leadcount 
68 
84 
100 
132 
164 
196 


A 
Package 
Height 
0.160 
0.170 
0.160 
0.170 0.160 
0.170 
0.160 
0.170 
0.160 
0.170 
0.160 
0.170 


A1 
Standoff 
0.020 
0.030 
0.020 
0.030 0.020 
0.030 
0.020 
0.030 
0.020 
0.030 
0.020 
0.030 


D,E 
Terminal 
Dimension 
0.675 0.685 
0.775 
0.785 
0.875, 0.885 
1.075 
1.085 
1.275 
1.285 
1.475 
1.485 


01, E1 
Package 
Body 
0.547 
0.553 0.647 
0.653 
0.747 
0.753 0.947 
0.953 
1.147 
1.153 
1.347 
1.353 


D2,E2 
Bumper Distance 
0.697 
0.703 
0.797 
0.803 0.897 
0.903 
1.097 
1.103 
1.297 
1.303 
1.497 
1.503 


D3,E3 
Lead Dimension 
0.400 REF 
0.500 REF 
0.600 REF 
0.800 REF 
1.000 REF 
1.200 REF 


D4,E4 
Foot Radius Location 
0.623 
0.637 
0.723 
0.737 
0.823 
0.837 
1.023 
1.037 
1.223 
1.237 
1.423 
1.437 


L1 
Foot Length 
0.0200.030 
0.0200.030 
0.0200.030 
0.0200.030 
0.0200.030 
0.0200.030 


Issue 
IWS Preliminary 
12/12/88 
INCH 


Intel Case Outline 
Drawings 
Plastic 
Quad Flat Pack (PQFP) 
0.025 Inch (0.635mm) 
Pitch 


Symbol 
Description 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Min 
Max 
Mln 
Max 
Mln 
Max 


N 
Leadcount 
68 
84 
100 
132 
164 
196 


A 
Package 
Height 
4.06 
4.32 
4.06 
4.32 
4.06 
4.32 
4.06 
4.32 
4.06 
4.32 
4.06 
4.32 


A1 
Standoff 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 


D,E 
Terminal 
Dimension 
17.15 
17.40 
19.69 
19.94 22.23 
22.48 27.31 
27.56 
32.39 
32.64 
37.47 
37.72 


01, E1 
Package 
Body 
13.89 
14.05 
16.43 
16.59 
18.97 
19.13 24.05 24.21 
29.13 
29.29 
34.21 
34.37 


D2,E2 
Bumper Distance 
17.70 17.85 20.24 20.39 
22.78 
22.93 
27.86 28.01 
32.94 
33.09 
38.02 
38.18 


D3,E3 
Lead Dimension 
10.16REF 
12.70 REF 
15.24 REF 
20.32 REF 
·25.40 REF 
30.48 REF 


D4,E4 
Foot Radius Location 
15.82 
16.17 
18.36 
18.71 21.25 21.25 
25.89 
26.33 31.06 
31.41 
36.14 
36.49 


L1 
Foot Length 
0.51 
0.76 
0.51 
0.76 
.0.51 
0.76 
0.51 
0.76 
0.51 
0.76 
0.51 
0.76 


Issue 
IWS Preliminary 
12/12/88 
mm 
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,BASE 
PLANE 
!-AI 


~ 
1l.211 (.1l1l8)@ 
c A®-B® 
D® 
A 


mm (inch) 
290219-37 


.Flgure 61. Principal Dimensions 
and Datums 


mm (inch) 
290219-38 


Figure 62. Molded 
Details 
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82596DX/SX 


11i8.635 
(8.825)1 


SEEDETAIL L 


4--4.j.--SEE 
DETAIL J 
t---- 03/E3----1 


11----04/E4 
---....l 
I 


f-----O/E 
------I 
mm (inch) 
290219-39 


Figure 63. Terminal 
Details 


®::~~:::~;~ 
[£t:!!::L..,,:r.=~~:::::;:\ 


8.28 (.888) 
L...IIIo---rr8.14(,885) 


8.31 (.812)-l1- 
8.29 (.998) 
-04/E4 


1r:~;:-r:19:-. 
"'29=--=-(--=.9"'98::-:)"""@J"""lc"I-:-A@""S-.=-B@""s..,.lo"'"®,.,..,sl& 
8 DEG. 
S DEG. 
mm (inch) 
290219-40 


DetallJ 
Detail L 


Figure 64. Typical 
Lead 
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t 
1.32 
<'1l52) 
1.22 
<'1l4B) 
~ 


. 
1l.911<'1l35) MIN. 


2.113 (."Bll) 
1.93 <. ,,71.) 


•. " 
, .a,,' ",.1 


~ 
E2 


----02 
-----I 
290219-41 


mm (inch) 


Figure 65. Detail M 


REVISION 
HISTORY 


The 82596 
LAN Coprocessor 
data sheet version -003 contains 
updates 
and improvements 
to previous 
ver- 
sions. 


1. Updated 
A.C. TImings 
2. Added 
Pin Cross Reference 
tables. 


3. Added 
Bus Cycle figures. 
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82588 
HIGH INTEGRATION 
LOCAL AREA 
NETWORK CONTROLLER 


• 
Integrates ISO Layers 1 and 2 
• 
2 Clocks per DataTransfer 
- 
CSMA/CDMediumAccess Control 
• 
User Configurable 
(MAC) 
_ Up to 2 Mb/s Bit Rates with On-chip 
- 
On-ChipManchester,NRZI 
Encoder/Decoder (High Integration 
Encoding/Decoding 
Mode) 
- 
On-ChipLogic Based Collision 
_ Up to 5 Mb/s with External Encoder/ 
Detect and Carrier Sense 
Decoder (High Speed Mode) 
• 
Supports Mid-RangeIndustry Standard 
• 
No TTL Glue Required with iAPX 186 
LANs 
and 188Microprocessors 
-StarLAN 
(IEEE802.31BASE5) 
-IBM/PC 
Network-Basebandand 
• 
Network Managementand Diagnostics 
Broadband 
- 
Short or Open Circuit Localization 
- 
Station Diagnostics (External 
• 
High Level Command Interface 
Loopback) 
Offloads the CPU 
_ Self Test Diagnostics 
• 
Efficient Memory Use Via Multiple 
Internal Loopback 
Buffer Reception 
User ReadableRegisters 


The 
82588 
is a highly 
integrated 
CSMAlCD 
controller 
designed 
for cost 
sensitive, 
rnld-ranqe 
Local 
Area 
Network 
(LAN) applications, 
such as personal 
computer 
networks. 


At data rates of up to 2 Mb/s, 
the 82588 provides 
a highly integrated 
interface 
and performs: 
CSMAlCD 
Data 
Link Control, 
Manchester, 
Differential 
Manchester 
or NRZI encoding/decoding, 
clock recovery; 
Carrier Sense, 


and Collision 
Detection. 
This mode is called 
"High 
Integration 
Mode." 
In the 82588 
"High 
Speed 
Mode", 
the 
user can transfer 
data at a rate of up to 5 Mb/s. 
In this mode the physical 
link functions 
are done external 
to 
the 82588. 


The 82588 is available 
in a 28 pin DIP and 44 lead PLCC package 
and fabricated 
in Intel's 
reliable 
HMOS 115 
volt technology. 


CSMA/CD 


RECEIVE 
I\-----:-~ 
FIFO 
MAC 


CONTROLLER 
TRANSMIT 
r--,r, 
AFO 


SYSTEM 
INTERFACE 
DATA UNK 


SERIAL 
INTERFACE 


231161-1 
Figure 
1. 82588 Block 
Diagram 
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'---_ ....• 


231161-2 
Figure 
2. 82588 Pin 
Configuration 
(DIP) 
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231161-31 
Figure 
3. 82588 Pin 
Configuration 
(PLCC) 
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82588 


Table 
1 Pin Description 
- 
" 


PinNo. 
Symbol 
Type 
Name and Function 
DIP 
PLCC 


D7 
6 
10 
110 
DATA BUS: The Data Bus lines are bi-directional 
three 


D6 
7 
11 
state lines connected 
to the system's 
Data Bus for the 


D5 
8 
12 
transfer 
of data, commands, 
status and parameters. 


D4 
9 
13 
D3 
10 
14 
D2 
11 
18 
D1 
12 
19 
DO 
13 
20 


RD 
5 
9 
I 
READ: Together 
with CS, DACKO or DACK1, Read controls 
data or status transfers 
out of the 82588 registers. 


WR 
3 
4 
I 
WRITE: Together 
with CS, DACKO or DACK1, Write 


, 
controls 
data or command 
transfers 
into the 82588 
registers. 


CS 
2 
3 
I 
CHIP SELECT: 
When this signal is lOW, 
the 82588 is 
,~ 
., 
selected 
by the CPU for transfer 
of command 
or status. 


The direction 
of data flow is determined 
by the RD or WR 
inputs. 


ClK 
4 
5 
I 
CLOCK: 
System clock. TTl 
compatible 
signal. 


RESET 
25 
40 
I 
RESET: A HIGH signal on this pin will cause the 82588 to 
terminate 
current activity. This signal is internally 
synchronized 
and must be held HIGH for at least four Clock 
cycles. 


INT 
26 
41 
0 
INTERRUPT: 
Active HIGH signal indicates 
to the CPU that 
the 82588 is requesting 
an interrupt. 


DRQO 
17 
26 
0 
DMA REQUEST 
(CHANNEL 
0): This pin is used by the 


I 
82588 to request a DMA transfer. 
DRQO remains HIGH as 


'Icing as 82588 requires data transfers. 
Burst transfers 
are 
done by having the signal active for multiple transfers. 


DRQ1 
18 
27 
0 
DMA REQUEST 
(CHANNEL 
1): This pin is used by the 
82588 to request a DMA transfer. 
DRQ1 remains HIGH as 
long as 82588 requires data transfers. 
Burst transfers 
are 


, 
done by having !he signal active or multiple transfers. 


DACKO 
; 
2 
I 
DMA ACKNOWLEDGE 
(CHANNEL 
0): When lOW, 
this 


I" " 


input signal from the DMA Controller 
notifies the 82588 that 
the requested 
DMA cycle is in progress. 
This signal acts 
like chip select for data and parameter 
transfer 
using DMA 
channelO. 


DACK1 
27 
42 
I 
DMA ACKNOWLEDGE 
(CHANNEL 
1): When LOW, this 
input signal from the DMA controller 
notifies the 82588 that 
the requested 
DMA cycle is in progress. 
This signal acts 
like chip select for data and parameter 
transfer 
using DMA 
channel 
1. 
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Table 1. Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 
DIP 
PLCC 


High Integration 
Mode 


X1/X2 
15/16 
24/25 
I 
OSCILLATOR 
INPUTS: These inputs may be used to 
connect 
a quartz crystal that controls 
the internal clock 


- 


generator 
for the serial unit. 


X1 may also be driven by a MOS level clock whose 
frequency 
is 8 or 16 times the bit rate of Transmit/Receive 
data. X2 must be left floating 
if X1 has an external 
MOS 
clock. 


I! 
High Speed Mode 
, 


TxC 
15 
24 
I 
TRANSMIT 
CLOCK: This signal provides timing 
information 
to the internal serial logic, depending 
upon the 
mode of data transfer. 
For NRZ encoding, 
data is 
transferred 
to the TxD pin on the HIGH to LOW clock 


, 
transition. 
For Manchester 
encoding 
the transmitted 
bit 


'/ 
center is aligned with the TxC LOW to HIGH transition. 


RxC 
16 
25 
,', 
I 
RECEIVE 
CLOCK: This signal provides timing information 
to the internal serial logic. NRZ data should be provided for 
reception 
(RxD). The state of the RxD pin is sampled 
on 


\ 
the HIGH to LOW transition 
of RxC. 


The operating 
mode of the 82588 is defined when 
configuring 
the chip. 


TCLK/CRS 
24 
36 
I 
In High Speed Mode, this pin is Carrier Sense, input CRS, 
and is used to notify the 82588 that there is activity on the 
serial link. 


l 
0 
In High Integration 
Mode, this pin is Transmit 
Clock, TCLK, 
and is used to output the transmit 
clock. 


CDT 
23 
35 
I 
COLLISION 
DETECT: This input notifies the 82588 that a 
collision 
has occurred. 
It is sensed only if the 82588 is 
configured 
for external 
Collision 
Detect (external 
circuitry is 
then required for detecting 
the collision). 


RxD 
19 
31 
I 
RECEIVE 
OAT A: This pin receives 
serial data. 


TxD 
20 
32 
0 
TRANSMIT 
DATA: This pin transmits 
data to the Serial 
Link. This signal is HIGH when not transmitting. 


RTS 
21 
33 
0 
REQUEST 
TO SEND: When this signal is LOW, the 82588 
notifies an external interface 
that it has data to transmit. 
It 
is forced HIGH after a reset and when transmission 
is 
stopped. 


CTS 
22 
34 
I 
CLEAR TO SEND: CTS enables the 82588 to start 
transmitting 
data. Raising this signal to HIGH stops the 
transmission. 


VCC 
28 
1,43,44 
POWER: + 5V Supply 


VSS 
14 
21.22.23 
Ground 
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Table 
1 Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 
DIP 
PLCC 
NC 
6 
NO CONNECT: These pins are reserved for future use. 
7 
8 
15 
I~ 


16 
17 
1-- 


28 
29 
30 
37 
38 
39 


FUNCTIONAL 
DESCRIPTION 


High Integration 
Mode 


The 82588 LAN Controller is a highly integrated 
CSMAlCD controller for cost sensitive LAN applica- 
tions such as personal computer networks. Included 
on chip is a programmable CSMAlCD controller, an 
NRZI and Manchester encoder/decoder with clock 
recovery, and two collision detection mechanisms. 
With the addition of simple transceiver line drivers or 
RF Modem, the 82588 performs all the major func- 
tions of the ISO Physical and Data Link Layers. 


CSMA/CD 
Controller 


The 82588 on-chip CSMAlCD controller is program- 
mable, which allows it to operate in a variety of LAN 
environments, including industry standards such as 
StarLAN (IEEE 802.3 1BASE5) and the 2 Mb/s IBM 
PC Network (both baseband and broadband trans- 
mission). Programmable parameters include: 
- 
Framing (End of Carrier of SDLC) 
- 
Address field length 
- 
Station priority 
- 
Interframe spacing 
- 
Slot time 
- 
CRC-32 OR CRC-16 


Encoder IDecoder 


The on-chip NRZI and Manchester encoder/decod- 
er supports data rates up to 2 Mb/s. Manchester 
encoding is typically used in baseband applications 
and NRZI is used in broadband applications. 


Collision Detection 


One of the 82588's unique features is its on-chip 
logic based collision detection. To ensure a high 
probability of, collision detection two mechanisms 
are provided. The Code Violation method defines a 
collision when a transition edge occurs outside the 
area of normal transitions as specified by either the 
Manchester or NRZI encoding methods. Bit Com- 
parison method compares the signature of the trans- 
mitted frame to the received frame signature (re-cal- 
culated by the 82588 while listening to itself). If the 
signatures are identical the frame is assumed to 
have been transmitted without a collision. 


System Interface 


In addition to providing the functions necessary for 
interfacing to the LAN, the 82588 has a friendly sys- 
tem interface that eases the design effort. First, the 
82588 has a high level command interface; that is 
the CPU sends the 82588 commands such as 
Transmit or Configure. This means the designer 
does not have to write low level software to perform 
these tasks, and it offloads the CPU in the applica- 
tion. Second, the 82588 supports an efficient memo- 
ry structure called Multiple Buffer Reception in which 
buffers are chained together while receiving frames. 
This is an important feature in applications with limit- 
ed memory, such as personal computers. Third, the 
82588 has two independent sixteen byte FIFa's, 
one for reception and one for transmission. The FI- 
Fa's allow the 82588 to tolerate bus latency. Finally 
the 82588 provides an eight byte data path that sup- 
ports up to 4 Mbytes/second using external DMA. 
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Network 
Management 
& Diagnostics 


The 82588 provides a rich set of diagnostic and net- 
work management functions including: internal and 
external loopback, channel activity indicators, op- 
tional capture of all frames regardless of destination 
address (Promiscuous Mode), capture of collided 
frames, (if address matches), and time domain re- 
flectometry for locating fault points in the network 
cable. The 82588 register Dump command ensures 
reliable software by dumping the content of the 
82588 registers into the system memory. 


The next section will describe the 82588 system bus 
interface, the 82588 network interface, and the 
82588 internal architecture. 


82588/Host 
CPU Interaction· 


The CPU communicates with the 82588 through the 
system's memory and 82588's on-chip registers. 
The CPU creates a data structure in the memory, 
programs the external DMA controller with the start 
address and byte count of the block, and issues the 
command to the 825,88. 


The 82588 is optimized for operating with the iAPX 
186/188 
but due to the small number of hardware 
signals between the 82588 and the CPU, the 82588 
can operate easily with other processors. The data 
bus is 8 bits wide and there is no address bus. 


Chip Select and Interrupt lines are used to communi- 
cate between the 82588 and the host as shown in 
the Figure 3. Interrupt is used by the 82588 to draw 
the CPU's attention. The Chip Select is used by the 
CPU to draw the 82588's attention. 


There are two kinds of transfer over the bus: Com- 
mand/Status and data transfers. Command/Status 
transfers are always performed by the CPU. Data 
transfers are requested by the 82588, and aretypi- 
cally performed by a DMA controller. The table given 
in Figure 4 shows the Command/Status and data 
transfer control signals. 


The CPU writes to 82588 using CS and WR signals. 
The CPU reads the 82588 status register using CS 
and RD signals. 
' 
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Figure 3. 82588/HOST 
CPU Interaction 


To initiate an operation like Transmit or Configure 
(see Figure 5), a Write command from CPU to 82588 
is issued by the CPU. A Read operation from CPU 
gives the status of the 82588. Although there are 
four status registers they're read using the same 
port in a round robin fashion (Figure 6). 


Any parameters or data associated with a command 
are transferred between the memory and 82588 us- 
ing DMA. The 82588 has two data channels, each 
having Request and Acknowledge lines. Typically 
one channel is used to receive data and other to 
transmit data and perform all the other initialization 
and maintenance operations like Configure, Address 
Set-Up, Diagnose, etc. The channels are identical 
and can be used interchangeably. 


When the 82588 requires access to the memory for 
parameter or data transfer it activates the DMA re- 
quest lines and uses the DMA controller to achieve 
the data transfer. Upon the completion of an opera- 
tion, the 82588 interrupts the CPU. The CPU then 
reads results of the operation (the status of the 
82588). 
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Pin Name 
' 
1 
Function 


CS' 
RD 
WR 


1 
x 
, 
x 
No transfer to/from 
Command/Status 
0 
i 
1 
, ~. 
1 


0 
0 
0 
Illegal 


, 


0 
j 
0 
1 
Read from status register 


0' 
I'" 
1 
0 
Write to Command 
register 


DACKO[DACK1], 
RD 
WR 


1 
x 
x 
No DMA transfer 
0 
, , 
1 
1 


0 
0 
0 
Illegal 


0 
0 
1 
Data Read from DMA channel 0 [or 1] 


0 
1 
0 
Data Write to DMA channel 0 [or 1] 


• Only one of CS, DACKO and DACK1 may be active 
at any time. 


Figure 
4. Databus 
Control 
Signals 
and Their 
Functions 


7 
6 
5 
4 
3 
2 
1 
0 


I 
~OM~AND~ 
I 
I 


INT·I 
ACK. 
I. CHNL 


COMMANDS 


NOP 


lA-SETUP 


CONFIGURE 


MC-SETUP 


TRANSMIT 


TOR 


DUMP 


DIAGNOSE 


RETRANSMIT 


COMMAND 
REGISTER 


COMMANDS 


. ABORT 


RECEIVER-ENABLE 


ASSIGN 
NEXT BUF 


RECEIVE-DISABLE 


STOP,RECEPTION 


RESET 


FIXPTR 


RLS PTR 


VALUE 
13 
8 
9 
10 
11 


14 


15 (CHNL= 
1) 


15 (CHNL=O) 


VALUE 
o 


1 


2 
3 


4 
5 
6 


7 
12 


Figure 
5. Command 
Format 
and Operation 
Values 
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7 
6 


Status 0 
RCV 
INT 
EXEC 
CHNL 


Status 1 


Status 2 


5 
4 
3 
2 
1 
o 


I 
=I===:=~ 


Status 3 
RCV 
RCVSTATE 
BUFF 
CHNG 
EXEC 
EXECSTATE 
CHNL 
NO. OF BUF 
CHNL 


EVENTS 


IA-SETUP-DONE 


CON FIGURE-DONE 


MC-SETUP-DONE 


TRANSMIT-DQNE 


TOR-DONE 


DUMP-DONE 


DIAGNOSE-PASSED 


ENDOFFRAME 


REQUEST 
NEXT BUFFER 


RECEPTION 
ABORTED 


RETRANSMIT-DONE 


EXECUTION-ABORTED 


DIAGNOSE-FAILED 


VALUE (STATUS 0) 


1 
2 
3 
4 
5 
6 


7 
8 
9 
10 
12 
13 
15 


Figure 6. Status Registers 
and Event Values 


Transmitting 
a Frame 


To transmit 
a frame, 
the CPU prepares 
a Transmit 
Data Block in memory 
as shown in Figure 7. Its first 
two bytes specify the length of the rest of the block. 
The next few bytes (Up to 6 bytes long) contain 
the 
destination 
address 
of the node it is being sent to. 
The rest of the block is the data field. The CPU pro- 
grams the DMA controller 
with the start address 
of 
the block, length of the block and other control 
infor- 
mation 
and then 
issues 
the Transmit 
command 
to 
the 82588. 


Upon receiving 
the command, 
the 82588 fetches 
the 
first two bytes of the block to determine 
the length of 
the block. 
If the link is free, and the first data byte 
was fetched, 
the 82588 
begins transmitting 
the pre- 
amble 
and concurrently 
fetches 
the bytes from the 
Transmit 
Data Block and loads them into a 16 byte 
FIFO to keep them ready for transmitting. 
The FIFO 


is a buffer between 
the serial and parallel part of the 
82588. The on-chip 
FIFOs help the 82588 to tolerate 


system 
bus latency 
as well as provide 
efficient 
us- 
age of system 
bandwidth. 


The destination 
address 
is sent out after the pream- 
ble. This is followed 
by the source or the station indi- 
vidual address, 
which is stored 
earlier on the 82588 
using the lA-SETUP 
command. 
After that, the entire 
information 
field 
is transmitted 
followed 
by a CRC 
field calculated 
by the 82588. 
If during the transmis- 
sion of the frame, 
a collision 
is encountered, 
then 
the transmission 
is aborted 
and a jam pattern 
is sent 
out 
after 
completion 
of the 
preamble. 
The 
82588 
generates 
an Interrupt 
indicating 
the experience 
of a 
collision 
and the frame has to be re-transmitted. 
Re- 
transmission 
is done 
by the 
CPU 
exactly 
as the 
Transmit 
command 
except 
the 
Re-Transmit 
com- 
mand 
keeps 
track 
of the 
number 
of collisions 
en- 
countered. 
When 
the 
82588 
gets 
the 
Retransmit 
command 
and the exponential 
back-off 
time 
is ex- 
pired, 
the 
82588 
transmits 
the 
frame 
again. 
The 
transmitted 
frame can be coded 
to either 
Manches- 
ter, Differential 
Manchester 
or NRZI methods. 
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The 82588 eliminates the need for external collision 
detection logic, in most applications, while easing or 
eliminating the need for complex transceivers. Two 
algorithms are used for collision detection: Bit Com- 
parison and Code Violation. The Bit Comparison 
Method is useful in Broadband networks where 
there are separate transmit and receive channels. 
Bit Comparison compares the "signature" 
of the 
transmitted data and received data at the end of the 


collision window in any network configuration. This 
algorithm calculates the CRC after a programmable 
number of transmitted bits, holds this CRC in a regis- 
ter, and compares it with received data's CRC. A 
CRC or "signature" difference indicates a collision. 
The code violation is detected if the encoding of the 
received data has any bit that does not fit the encod- 
ing rules. The code violation method is useful in 
short bus topology and serial backplane applications 
where bit attenuation over the bus is negligible. 


PREAMBLE 
} 
GENERATED 
BY 82588 


BLOCK 
BYTE 
COUNT 
SFD (BOF 
FLAG) 


DESTINATION 
ADDRESS 
DESTINATION 
ADDRESS 
FROM 
82588 


DATA FIELD 
SOURCE 
ADDRESS 
I-- 
INDIVIDUAL 
ADDRESS 
{ 


LENGTH 
FIELD 
CPU 
GENERATED 
DATA STRUCTURE 
IN MEMORY 
INFORMATION 
FIELD 
(TRANSMIT 
DATA: BLOCK) 


FRAME 
CHECK 
SEQUENCE 


1 


EOF 
FLAG 
(OPTIONAL) 
GENERATED 
BY 82588 


PADDING 
(OPTIONAL) 
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Figure 7. The 82588 Frame Structure and location of Data element In System Memory 


BLOCK 
LENGTH 


BLOCK 
LENGTH 


DESTINATION 
ADDRESS 


INFORMATION 


DATA BLOCK 
IN MEMORY 
FOR 
TRANSMISSION 


DESTINATION 
ADDRESS 


SOURCE 
• 


" 
ADDRESS 


INFORMATION 


FRAME 
STATUS 


SINGLE 
BUFFER 
RECEPTION 
231161-5 


Figure 8. Single Buffer Reception 
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Receiving a Frame 


The 82588 can 'receive a frame when its receiver 
has been enabled. The received frame is decoded 
by either on-chip Manchester, Differential Manches- 
ter or NRZI decoders in High Integration Mode and 
NRZI in High Speed Mode. The 82588 checks for an 
address match for an individual address, a Mulitcast 
address or a Broadcast address. In the Promiscuous 
mode the 82588 receives all frames. Only when the 
address match is successful does the 82588 trans- 
fer the frame to the memory using the DMA control- 
ler. Before enabling the receiver, the CPU makes a 
memory buffer area available to the Receive Unit 
and programs the starting address of the DMA con- 
troller. The received frame is transferred to the 
memory buffer in the format shown in Figure 8. This 
method of reception is called "Single Buffer" recep- 
tion. The entire frame is contained in one continuous 
buffer. Upon completion of reception the total num- 
ber of bytes written into the memory buffer is loaded 
into status registers 1 and 2 and the status of the 
reception itself is appended to the received frame. 
An interrupt to the CPU follows. 


If the frame size is unknown, memory usage can be 
optimized by using "Multiple Buffer" reception. 


This way the user does not have to allocate large 
memory space for short frames. Instead, the 82588 
can dynamically allocate memory space as it re- 
ceives frames. This method requires both DMA 


channels alternately to receive the frame. As the 
frame reception starts, the 82588 interrupts the CPU 
and automatically requests assignment of the next 
sequential buffer. The CPU does this and loads the 
second DMA channel with the next buffer informa- 
tion so that the 82588 can immediately switch to the 
other channel as soon as the current buffer is full. 
When the 82588 switches from the first to the sec- 
ond buffer it again interrupts the CPU requesting it to 
allocate another buffer on the other (previous) chan- 
nel in advance. This process continues until the en- 
tire frame is received. The received frame is spread 
over multiple memory buffers. The link between the 
buffers is easily maintained by the CPU using a buff- 
er 
chain 
descriptor 
structure 
in 
memory 
(see 
Figure 9). 


This dynamic (pre) allocation of memory buffers re- 
sults in efficient use of available storage when han- 
dling frames of widely differing sizes. Since the buff- 
ers are pre-allocated one block in advance, the sys- 
tem is not time critical. 


80188 Based System 


Figure 10 shows a high performance, high-integra- 
tion configuration of the 82588 with the 80188 in a 
typical iAPX188-based microcomputer. The 80188 
controls the 82588, as well as providing DMA control 
services for data transfer, using its on-chip two 
channel DMA controller. 


@ 


@ 


••• 


@ 
BUFFER 
N 


o 
o 
o 


BUFFER 
CHAIN 
DESCRIPTION 
(MANAGED 
BY CPU) 


BUFFER 
#1 


BUFFER 
# 2 


INFO 
N 
BUFFER 
#N 


STATUS 
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Figure 9. Multiple Buffer Reception 
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The Serial Interface Mode configuration parameter 
selects either a highly integrated Direct Link inter- 
face (High Integration Mode) or a highly flexible 
Transceiver Interface (High Speed Mode). 


Application 


In the High Integration Mode it is possible to connect 
the 82588 on a very short "Wired OR" link, on a 
longer twisted pair cable, or a broadband connec- 
tion. 


Twisted 
Pair Connection 


The link consists of a twisted pair that interconnects 
the 82588. The transmit data pin is connected via 


a driver and the receive data pin is connected via a 
buffer. The twisted pair must be properly terminated 
to prevent reflections. 


In the minimum configuration, TxD and RxD are con- 
nected to the twisted pair and CTS is grounded. The 
82588 may control the driver with the RTS pin. It is 
also possible to use external circuitry for performing 
collision detection, and feeding it to the 82588 
through the CDT pin. 


Broadband 
Connection 


The 82588 supports data communications over a 
broadband link in both its modes. Proper MODEM 
interface should be provided. Collision Detection by 
Bit Comparison, in High Interface Mode, can be ap- 
plied to transmission over broadband links. 
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Cs 


RESET 
ROM 
AD 


RD 
0(0-7) 
<l" 


.. 
" 
RD 
0(0-7) 


~ 
~ r 


WR 
8282·0R 
r' 


8283 
PROGRAM 
LATCH 
RAM 
r- 
I- 
STB 
AD 


OE 


.16 MHz 
~ 
VCC 
r1D~ 
r-- 
Cs 
rl 
... 


Xl 
X2 
in 


RES 
UCS I- 
~ 
I~ 
I~ 


~ 


LE f-- 
<C 


RD I--- 
I- 
RD 


WR I--- 
I- 
WR 


MCSO-3 
I--- 
f--- 
I--- 


A(8-15) I--- 
LOW RAM 


AD 


LCS I--- 
I I 
CS 
I I 
AD(O-7) 
0(0-7) 


80188 
rfcrh 


SERI 
LIN 


~ 
Xl 
X2 
ARDY 
~ 
WR 
Vee 
V- 
NMI 
AD 
tr 
COT 
0(0-7) 
RXD l- 
• 
LINE 
V- 
HOLD 
DROO 
DROO 
TXD f--4 
~ 
DRQl 
RTS f--4 
DRIVERS. 


ORQl 
OR 
PCSl 
OACKO 
CTS I- 
RF 
hJ 
PCS2 
OACKl 
TCLK f-+ 
MODEM 


RESET 
RESET 
PCSO 
Cs 
INT 
INT 
82588 


CLKOUT 
CLK 
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Figure 10.80188 Based System 
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Absolute Maximum Ratings· 


Ambient Temperature Under Bias .... O·Cto + 70·C 
Storage Temperature 
- 65·C to + 150·C 
Voltage on Any Pin With 
Respect to Ground 
-1.0V to 7V 
Power Dissipation 
1.7Watts 


NOTICE:This is a productiondata sheet.The specifi- 
cationsare subjectto changewithout notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. Characteristics 
(TA = O·Cto + 70·C; Tc (DIP) = 52"C to 108·C, Tc (PlCC) = 63·C to 116·C; VCC = + 5V ± 10%) 


TxC, RXC have MOS levels (See VMll, VMIH). All other signals have TTl levels (See Vll, VIH, VOl, VOH). 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vll 
Input low Voltage 
-0.5 
+0.8 
V 
(TIl) 


VIH 
Input High Voltage 
2.0 
VCC + 
V 
' .. 


(TIl) 
0.5 


VOl 
Output low Voltage 
0.45 
V 
IOl = 2.0mA 
(TIl) 


VOH 
Output High Voltage 
2.4 
V 
IOH = - 400 /LA 
(TIl) 


VMll 
Input low Voltage 
-0.5 
0.6 
V 
. 


(MOS) 


VMIH 
Input High Volatge 
3.9 
VCC+ 
V 
(MOS) 
0.5 


III 
Input leakage Current 
+10 
/LA 
0= 
VIN = VCC 


IlO 
Output leakage Current 
±10 
/LA 
0.45 = VOUT = VCC 


ICC 
Power Supply Current 
400 
mA 
TA = O·C 
300 
mA 
TA = +70·C 


A.C. Characteristics 
(TA = O·Cto + 70·C; Tc (DIP) = 52"C to 108·C, Tc (PlCC) = 63·C to 11aoc; VCC = + 5V ± 10%) 


System 
Clock 
Parameters 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


T1 
ClK Cycle Period 
125 
ns 


T2 
ClKlowTime 
53 
1000 
ns 
'5 


T3 
ClK High Time 
53 
ns 
'6 


T4 
ClK Rise Time 
15 
ns 
'1 


T5 
ClKFallTime 
15 
ns 
'2 
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A.C. Characteristics 
(Continued) 


Test Conditions 
Symbol 
Parameter 


Reset Parameters 


T6 
Reset Active to 
-'- 
20 
ns 
·3 


Clock low 


T8 
Reset Pulse Width 
4T1 
ns 


T9 
Control 
Inactve 
T1 
ns 
After Reset 
I 
:'"l 
f 
I 


Interrupt 
Timing Parameters 


T10 
ClK 
HiQh to Interrupt 
85 
ns 
·4 


Active 


T11 
WR Idle to Interrupt 
85 
ns 
·4 
, 


Idle 
. 


Write Parameters 


T12 
CS or DACKO or DACK1 
0 
ns 
Setup to WR low 


T13 
WR Pulse Width 
95 
ns 
I 


T14 
CS or DACKO or DACK1 
0 
ns 
Hold After WR High 


T15 
Data Setup to WR High 
75 
ns 


T16 
Data Hold After WR High 
0 
ns 


" 
Read Parameters 


T17 
CS or DACKO or DACK1 
0 
ns 
Setup to RD low 


T18 
RD Pulse Width 
95 
I 
ns 
, 


T19 
CS or DACKO or DACK1 
0 
ns 


r . 


Address 
Valid 
After RD High 


T20 
RD low 
to Data Valid 
80 
ns 
·7 


T21 
Data Float After 
55 
os 
·7 
RD High 


DMA Parameters 


T22 
ClK 
low to DRQO 
85 
ns 
·4 
or DRQ1 Active 


T23 
WR or RD low 
to 
60 
ns 
·4 
DRQO or DRQ1 Inactive' 


NOTES: 
°1---{).8V-2.0V 
°2-2.0V-0.8V 
°3-to 
guaranteerecognitionat next clock 
°4--CL = 50 pF 


o~easured 
at 1.5V 
°6-measured at 1.5V 
°7-CL 
= 20 pF-200 pF 
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A.C. TESTING 
INPUT/OUTPUT 
WAVEFORM 


231161-8 
AC Testing 
Inputs 
are Driven 
at 2.4V for a logic 
1 and 0.45V for a 
logic 
0 Timing 
Measurements 
are Made 
at 1.5V for Both a logic 
1 and 0: 
Rise 
and 
Fall 
Time 
of Input/Output 
Signals 
are 
Measured 
Be- 
tween 0.8V to 2.0V Respectively 
.• 


TTL Input/Output 
Voltage 
Levels for Timing Measurements 


T3 
r----~ 
1------\ 
------------ 
--'-------, 
1 
, 


231161-9 


3.5V 


3.DV 


2.5V 


1.5V 


1.DV 
O.6V 


T5 


Rise and Fall Time 
of Input Signals 
are Measured 
Between 
1.0V 
to 3.5V Respectively. 


Clocks MOS Input Voltage 
Levels for Timing Measurements 


elK 


231161-10 


INT 
__ 
-_+_.;.T1;,;.°...J'I- 


Interrupt 
Timing (Going Active) 
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'~---- 
-J/ 
7 
" 
"- 
frui 


or ---- 
J 


INT 


CLK 


RESET 


16 


Interrupt Timing (Going Inactive) 


- 


DRQO,DRQ1 


INT 


5111 
19 
- 


Reset Timing 
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Serial Interface A.C. Timing Characteristics 
High Integration 
Mode 


TFC is the crystal 
or serial 
clock 
input 
at the X1 pin. When 
a serial 
clock 
is provided 
at the X1 pin, the 
maximum 
capacitive 
load allowed 
on the X2 pin is 15 pF. 


TFC Frequency 
Range: 


For Oscillator 
Frequency 
= 1 to 16 MHz (High) 


x8Sampling 
X16 Sampling 


TCLK Frequency 
0.125-2 
MHz 
62.5 kHz-1 
MHz 


T29 = TCLK Cycle Time 
8 x T24 
16 x T24 
T30 = TCLK High Time 
T24 (Typically) 
T24 (Typically) 
T31 = TCLK Low time 
7 x T24 (Typically) 
15 x T24 (Typically) 


For Oscillator 
Frequency 
= 0 to 1 MHz (Low)* 


xa 
Sampling 
x 16 Sampling 


TCLK Frequency 
0-0.125 
MHz 
0-6.25 
kHz 
T29 = TCLK Cycle Time 
8 x T24 
16 x T24 
T30 = TCLK High Time 
T25 (Typically) 
T25 (Typically) 
T31 = TCLK Low Time 
7 x T24 + T26 (Typically) 
15 x T24 + T26 (Typically) 


*A non-symmetrical 
clock should be provided 
so that T25 is less than 1000 ns. 
T24 = Serial Clock Period 
T25 = Serial Clock High Time 
T26 = Serial Clock Low Time 


High Speed Mode 
• 
Applies 
for TxC, RxC 
• 
f max = 5 MHz ± 100 ppm 
1 
• 
For Manchester, 
symmetry 
is required: T63, T64 = 2t ± 5% 


High Integration 
Mode 
I 
Symbol 
I---p-a-r-a-m-e-te-r--- 
__ 
M_i_n 
M_a_x 
U_n_i_ts_-L_T_e_s_t_C_o_n_d_lt_io_n_s_ 


External 
(Fast) Clock Parameters 


T24 
Fast Clock Cycle 
62.5 
ns 
*1 


T25 
TFC High Time 
18.5 
1000 
ns 
*1, *14 


T26 
TFC Low Time 
23.5 
ns 
*1 


T27 
TFC Rise Time 
5 
ns 
*1. 


T28 
TFCFallTime 
5 
ns 
*1 


Transmit 
Clock Parameters 


T29 
Transmit 
Clock Cycle 
500 
ns 
*3, *12 


T30 
TCLK High Time 
*8 
1070 
ns 
*3 


T31 
TCLK Low Time 
*9 
*3 


T32 
TCLK Rise Time 
15 
ns 
*3 


T33 
TCLK Fall Time 
15 
ns 
*3 
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High Integration 
Mode (Continued) 
I 
Symbol 
I 
Parameter 
Min 
Max 
Units 


Transmit 
Data Parameters 
(Manchester, 
Differential 
Manchester) 


Test Conditions 


T34 
TxO Transition- 
4T24-10 
ns 
'12 
Transition 
, 


T35 
TCLK Low to TxO 
*10 
*2, '12 
Transition 
Half 
Bit Cell 


T36 
TCLK Low to TxO 
'11 
'2, '12 
Transition 
Full 
Bit Cell 


T37 
TxO Rise Time 
15 
ns 
'2 


T38 
TxO Fall Time 
15 
ns 
'2 


Transmit 
Data Parameters 
(NRZI) 


T39 
TxO Transition- 
8T24-10 
ns 
'12 


I 
Transition 


T40 
TCLK Low to TxO 
'10 
'2, '12 
Transition 


T41 
TxO Rise Time 
15 
ns 
*2 


T42 
TxO Fall Time 
15 
ns 
'2 


RTS, CTS, Parameters 


T43 
TCLK Low To RTS Low 
'10 
*3, *12 


T44 
CTS Low to TCLK Low 
65 
ns 
CTS Setup Time 


T45 
TCLK low to RTS 
'10 
'3, '12 
High 


T46 
TCLK Low to CTS 
20 
ns 
'4, '13 
Invalid. CTS Hold 
Time 


T47 
CTS High to TCLK 
65 
ns 
'4 
Low. CTS Setup 
Time to Stop 
Transmission 


IFS Parameters 


T48 
I 
Interframe 
Delay 
*5 


Collision 
Detect 
Parameter 


T49 
COT Low to TCLK 
50 
ns 
'13 
High. External 
Collision 
Detect 
Setup Time 


T50 
COT High to TCLK 
50 
ns 
'13 
Low 


T51 
TCLK High to COT 
20 
ns 
'13 


1 


Inactive. COT Hold 
, 


Time 
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High Integration 
Mode 
(Continued) 
I 
Symbol 
I 
Parameter 


Collision 
Detect 
Parameters 
(Continued) 


Min 
Max 
Units 
Test Conditions 


CDT Low to Jamming 
Start 


Jamming 
Period 


Received 
Data Parameters 
(Manchester) 


·12 
T54 
RxD Transition- 
Transition 


Received 
Data Parameters 
(Manchester) 


T55 
RxD Rise Time 
10 
ns 
·1 


T56 
RxD Fall Time 
10 
ns 
·1 


Received 
Data Parameters 
(NRZI) 


T57 
RxD Transition- 
8T24 
ns 
·12 
Transition 


T58 
RxD Rise Time 
10 
ns 
·1 


T59 
RxD Fall Time 
10 
ns 
·1 
, 


NOTES: 
·l-MOS 
levels. 
·2-1 
TTL load + 50 pF. 


·3-1 
TTL load + 100 pF. 
·4-Abnormal 
end 
to 
transmission: 
CTS expires 
before 
RTS. 
• 
·5--Programmable 
value: T48 = NIFS x T29 (ns) NIFS-- 


the IFS configuration 
value. 
If NIFS is less than 12. then it is enforced 
to 12. 


·6--Programmable 
value: 


T52 = NCDF x T29 + (12 to 15) x T29 (if collision 
oc- 


curs after preamble). 


·7-T53 
= 32 X T29 


·8--Depends 
on T24 frequency 
range: 


High Range: T24 - 
10 
Low Range:T25 
- 
10 


·9-T31 
= T29 - 
T30 - 
T32 -T33 


·10-2T24 
+ 40 ns 


·11---6T24 
+ 40 ns 


·12-For 
x 16 sampling 
clock 
parameter 
minimum 
value 


should be multiplied 
by a factor of 2. 


·13- 
To guarantee 
recognition 
on the next clock. 


·14-62.5 
ns minimum 
in Low Range. 


T12 


cs DACKO-----~I 
~ 
1--~-----~--~ 


T13- 


Write Timing 


231161-13 
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231161-14 


DO-7 


Read Timing 


CLK~ 


T22 
ORQOnRQ1 


231161-15 


DMA Request 
(Going Active) 
. 


DRQO ORQl------,1 


~~ 
--~\ 
-.-. 
-- 
T23 


WR RD ----~ 
I 


231161-16 


DMA Request 
(Going Inactive) 
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~----~--~------~"~------ 


------6-T44 
----.,;...--=--- 


TxD 


TCLK 


RTS 
CTS 


COT 
TxD 


,., 
,., 


_T45---, 
...•. 
I4-T47 
~_..J'4-- 
T46 


HALFBITCELL--l 


231161-17 
Transmit Timings: Clocks RTS and CTS 


TxD 


----F" 
n 


. 
~~ 
- 


~135- 
136 
11 


T 
... 
.- 
1---134--1 
J 


~ 


-+I!.-- 


T38 
----- 
DATA 
BITCELL 
DATA 
BITCELL 
-I 


231161-18 
Transmit Timings-Manchester 
Data Encoding 


TFC 


:~_T47 
-~rU1= 


COT-------------------------------------------- 


TXD-------------Ir-----------------------~/~--- 


231161-19 
Transmit Timings-Lost 
CTS 
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TxD 


----f1 
r: 
._- 
- 
.-~ 
- 
- 


I+--T40- 
~4~ 
11 


, -, 
-- 
1 
--, 
.- . 
r- 
Y 


T' 
" 
.r- 
. 
I 
1t- 


-, 
DATA 
BITCELL 


-- 
DATA 
BITCELL 
-.j 
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Transmit Timings-NRZI 
Data Encoding 


:_---f\ 
wg:mi= 


CDT--------------------------------------------- 
, 
I 
TXDJ 


231161-21 


Transmit Timings-Lost 
CTS 


RxD-=t=--=--_-T54---f-T-56-----i= 
T55 
231161-22 


Receive Data Timings (Manchester) 
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RXO~_T_59 
~ 


-t----'----,----- 
T57-------:.t- 
231161-23 


Receive Data Timings (NRZI) 


TCLK --f\'-- 
~---§ 


Wffi-------t. 
~8~~~~~~~::::::~------------~--- 
Cffi 
~. 


COT 
S 


S 
TxO 
I 
, 


ARSTDATABIT 
FROMHERETO 
THERIGHT 
231161-24 


Transmit Timings-Interframe 
Spacing 


TFC ~ 
s£\..f\.JV4 
~ 
S~~--------~n~--_ 
S 
S ~S 
~r- 
~ 
~r-~-~~-- 


TxO ----1;::::=~~~52~ 
~--"SI 
\~Tr55i33-::==::·~/~====}_ 


Wffi--~~------~ 


Cffi ~~~--------4 
COT 


231161-25 


Transmit Timings-Collision 
Detect and Jamming 
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High Speed Mode 
I 
Symbol 
I----p-a-ra-m-e-t-e-r 
-----.-M-I-n- 
__ 
M_a_x 
U_n_lt_s__ 
...:T...:e-=s..:..t 
-=C-=o.:..:.nd.=.l:..:ctl-=o.:..:n.=.s-----, 


Transmit/Receive 
Clock Parameters 


T60 
RxC TxC Cycle 
200 
·13 
ns 


T61 
TxC Rise Time 
- - 
10 
ns 
·1 


T62 
TxCFallTime 
10 
ns 
·1 


T63 
TxC High 
80 
1000 
ns 
' ·1, ·3 


T64 
TxCLow 
~ 
80 
ns 
·1, ·3 


Transmit 
Data Parameters 


T65 
TxO Rise Time 
20 
ns 
·4 


T66 
TxO Fall Time 
20 
ns 
·4 


T67 
TxC Low to TxO 
60 
ns 
·4, ·6 
Valid 


T68 
TxC Low to TxO 
60 
ns 
·2, ·4 
Transition 
- 


T69 
TxC High to TxO 
60 
ns 
·2, ·4 
Transition 


T70 
TxO Transition- 
70 
·2, ·4 
Transition 


T71 
TxC Low to TxO High 
60 
ns 
·4 
(At the Transmission 
End) 


RTS 
CTS Parameters 
, 


T72 
TxC, Low to RTS Low 
60 
ns 
·5 
Time to Activate 
RTS 


T73 
CTS Low to TxC Low 
65 
ns 
CTS Setup Time 


T74 
TxC Low to RTS High 
60 
ns 
·5 


T75 
TxC Low to CTS Invalid 
20 
ns 


T75A 
CTS High to TxC Low 
65 
ns 
·7 
CTS Set-up Time to 
Stop Transmission 
HO 
- 


Interframe 
Spacing 
Parameters 


T76 
I 
Inter Frame Delay 
·9 


CRS, COT, Parameters 


T77 
COT Low to TxC High 
45 


r-: 
ns 
External Collision 
Detect Setup Time 


T78 
TxC High to COT Inactive 
20 
ns 
·14 
COT Hold Time 


T79 
COT Low to Jamming 
·10 
Start 


T80 
Jamming 
Period 
·11 


T81 
CRS Low to TxC High 
45 
ns 
·14 
Carrier Sense Setup Time 


T82 
TxC High to CRS Inactive 
20 
ns 
·14 
CRS Hold Time 
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High Speed 
Mode 
(Continued) 
I 
Symbol 
I 
Parameter 


CRS, COT, Parameters 
(Continued) 


Min 
Units 
Test Conditions 
Max 


T83 
CRS High to Jaming 
'12 
(Internal Collision 
Detect) 


T84 
CRS High to RxC High. 
80 
ns 
End of Receive 
Packet 


T85 
RxC High to CRS High. 
20 
ns 
End of Receive Packet. 


Receive 
Clock 
Parameters 


T86 
RxC Rise Time 
10 
ns 
'1 


T87 
RxCFallTime 
\ 
10 
ns 
'1 


T88 
RxC High Time 
80 
ns 
'1 


T89 
RxC Low Time 
80 
, 


ns 
'1 


Received 
Data Parameters 


T90 
RxD Setup Time 
45 
ns 
'1 


T91 
RxD Hold Time 
45 
ns 
'1 


T92 
RxD Rise Time 
20 
ns 
'1 


T93 
RxDFallTime 
20 
ns 
'1 
. 


NOTES: 
'1 - 
MOS levels. 


'2 - 
Manchester only. 
'3 - 
Manchester. Needs 50% duty cycle. 


'4 - 
1 TTL load + 50 pF. 


'5 - 
1 TTL load + 100 pF. 


'6 - 
NRZ only. 


'7 - 
Abnormal end to transmissions: CTS expires before FITS. 


'8 - 
Normal end to transmission. 


'9 - 
Programmable value. 
T76 = NIFS x T60 (ns) 
NIFS - the IFS configuration value. 
If NIFS is less than 12. then NIFS is enforced to 12. 
'10 - 
Programmable value: 


T79 = NCDF x T60 + (12 to 15) x T60 (ns) (if collision occurs after preamble). 
'11-T80 
= 32 x T60 
'12 - 
Programmable value: 


NCSF x TTRC + (12 to 15) x TTRC 
T83 = NCSF x T60 + (12 to 15) x T60 
NCDF - collision detect filter configuration value. 
'13 - 
2000 ns if configured for Manchester encoding. 


'14 - 
To guarantee recognition on the next clock. 
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COT~_=-__ 


CRS~ 
_ 


TxO =:J..-----r------~ 
--TL.- 


[NRZ) :J1x----- 
- 
-- 
TxO 
---\- 
rr: r---~ 
r"""'\ 
r --'\ r-- 


.•.••.•. 
~ 
__ 
.1 
U 
\...-J 
__~ 


[MANCHESTER) 
231161-26 


COT --++-1--+-1---+ 


CRS --++-11--+-1---4 


TXO _. 
T67 ~::rt.~--Lr- 


(NRZ) 
T69 
••'r,rs- 


TXO -1rfL #:r:_ -.."lllJ 


(MANCHESTER)T6S 
T6S 
T71 
T6S T66 
231161-27 


Transmit Data Waveforms 
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Receive 
Data Waveforms 
(NRZ) 


231161-28 


~~ 
l85 


CRS 


1 


l84 


Receive 
Data Waveforms 


231161-29 
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82590 
ADVANCED CSMA/CD 
LAN CONTROLLER 
WITH 8-BIT DATA PATH 
• Supports Industry Standard LANs 
• Efficient Memory Use via Buffer and 
- 
Ethernet and Cheapernet (IEEE 802.3 
Frame Chaining 
10BASE5 and 10BASE2) 
• DMA Interface for Retransmission 
and 
- 
StarLAN (IEEE 802.3 1BASE5) 
Continuous 
Reception without CPU 
-IBMTM 
PC Network-Baseband 
and 
Intervention 
Broadband 
- 
EOP Signal Generation for 8237 and 
• Integrates Physical and Data Link 
82380 
Layers of OSI Model 
- 
Tightly Coupled Interface to 82560 
- 
Complete CSMA/CD Medium Access 
Host Interface and Memory Manager 
Control (MAC) Functions 
• 82588 Pin- and Software-Compatible 
- 
Manchester, Differential 
Manchester, 
Mode 
or NRZI Encoding/Decoding 
- 
On-Chip, Logic-Based Collision 
• Local and Remote Power-Down Modes 
Detection 
• 24-Blt General Purpose Timer 
-IEEE 
802.3 or HDLC Frame Delimiting 
• On-Chip Jabber hihibit Function 
- 
Broadband Ethernet (IEEE 802.3 
10BROAD36) 
• Network Management and Diagnostics 
• Two Modes of Operation 
- 
Monitor Mode 


- 
Bit Rates up to 4 Mb/s with On-Chip 
- 
CRC, Alignment, and Short Frame 


Encoder/Decoder 
(High-Integration 
Error Detection 


Mode) 
- 
Three 16-Bit Event Counters 


- 
Bit Rates up to 20 Mb/s with 
- 
Short or Open Circuit Localization 


External Encoder/Decoder 
(High- 
- 
Self-Test Diagnostics 


Speed Mode) 
-Internal 
and External Loopback 
Operation 
• High-Performance 
System Interface 
-Internal 
Register Dump 
-16-MHz 
Clock, 2 Clocks per Transfer 
• High-Speed CHMOS III Technology 
- 
64 Bytes of Configurable 
FIFO 


-SIT 
U 


Figure 
1.82590 
Block 
Diagram 
290147-1 


'IBM, 
PC, PCAT, PCXT are trademarks 
of International 
Business 
Machines. 
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WR 
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07 


06 


05 


04 


03 


02 


01 


DD 
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OACK1/CS1/EOP 
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RESET 


TCLK/CRS 


COT 


CTS/LPBK 


RTS 


TxO 


RxO 
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ORao 


RxC/x2 


TxC/xl 
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Figure 2. 82590 Pin Configuration 
(DIP) 


The 82590 is a second-generation, 8-bit data path 
CSMAlCD controller. Its system interface enables 
efficient operation with a wide variety of Intel micro- 
processors (such as iAPX 188, 186, 286, or 386) and 
industry standard buses (such as the IBM PC I/O 
channel or Personal system/zt 
Micro ChanneI™). 
The 82590 can be configured to support a wide vari- 
ety of industry standard networks, including StarLAN 
and EthernetlCheapernet. 


The 82590 provides a natural upgrade path for exist- 
ing 82588 applications, since it is pin and software 
compatible with its predecessor. Its rich incremental 
functionality compared to the 82588 can be utilized 
by selectively modifying existing software drivers. 


Together with the 82560 (Host Interface and Memo- 
ry Manager) the 82590 offers a complete solution for 
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Figure 3. 82590 Pin Configuration 
(PLCC) 


CSMAlCD LAN adapters oriented to the IBM PC en- 
vironment. The 82590 fully conforms to existing 
IEEE 
802.3 
standards 
(1BASE5, 
10BASE5, 
10BASE2, and 10BROAD36). Intel also offers the 
82592, a 16-bit data path version of the 82590, for 
higher performance applications. 


The 82590 is available in a 28-pin Plastic DIP or a 
44-pin PLCCpackage. It is fabricated with Intel's reli- 
able CHMOS III technology. 


82590 


Table 1.82590 
Pin Description 


Symbol 
Pin No. 
Pin No. 
Type 
Name and Function 
(DIP) 
(PLCC) 


D7 
6 
10 
1/0 
DATA BUS-The 
Data Bus lines are bidirectional, 
three-state 
lines 
D6 
7 
11 
connected 
to the CPU's Data Bus for transfers 
of data, commands, 


D5 
8 
12 
status, and parameters. 


D4 
9 
13 
D3 
::- 
10 
14 
D2 
r' 


11 
18 
. 
01 
12 
19 
DO 
13 
20 


RD 
5 
9 
I 
READ- 
Together 
with CSO, CS1, DACKO, or DACK1, Read controls 
data or status transfers 
out of the 82590. 


WR 
3 
4 
I 
WRITE-Together 
with CSO, CS1, DACKO, or DACK1, Write 
controls 
data or command 
transfers 
into the 82590. 


CSO 
2 
3 
I 
CHIP SELECT (PORT O)-When 
lOW, 
the 82590 is selected 
by 
the CPU for command 
or status transfer 
through 
PORT O. 


RESET 
25 
40 
I 
RESET -A 
HIGH signal on this pin causes the 82590 to terminate 
current activity. This signal is internally 
synchronized 
and must be 
held HIGH for at least four Clock (ClK) 
cycles. 
When the Clock signal is provided 
internally 
(ClKSRC 
is strapped 
HIGH), the RESET signal must be held HIGH for at least 50 us. 
(PlCC 
version only.) 


INT 
26 
41 
0 
INTERRUPT -A 
HIGH signal on this pin notifies the CPU that the 
82590 is requesting 
an interrupt. 


DRQO 
17 
26 
0 
DMA REQUEST 
(CHANNEL 
0)- 
This pin is used by the 82590 to 


, 
request DMA transfer. 
DRQO remains HIGH as long as the 82590 
requires DMA transfers. 
Burst transfers 
are thus possible. 


When the 82590 is programmed 
for Tightly Coupled 
Interface, 
the 
82590 notifies the DMA controller 
of the status of transmission 
or 
reception, 
using this pin together 
with EOP. 


DRQ1 
18 
27 
0 
DMA REQUEST 
(CHANNEL 
1)- 
This pin is used by the 82590 to 
request 
DMA transfer. 
DRQ1 remains HIGH as long as the 82590 
requires 
DMA transfers. 
Burst transfers 
are thus possible. 
When the 82590 is programmed 
for Tightly Coupled 
Interface, 
the 
82590 notifies the DMA controller 
of the status of transmission 
or 
reception, 
using this pin together 
with EOP. 


DACKO 
1 
2 
I 
DMA ACKNOWLEDGE 
(CHANNEL 
O)-When 
lOW, 
this input 
DACK 
signal from the DMA controller 
notifies the 82590 that the requested 
DMA cycle is in progress. 
This signal acts similarly to Chip Select for 
data and parameter 
transfers, 
using DMA channel 
O. 
DMA ACKNOWLEDGE 
(CHANNELS 
0 AND 1)-When 
the 
DACK1 ICS1 lEap 
pin is programmed 
to CS1 lEap, 
this pin 
provides 
a DMA acknowledge 
for both channels 
0 and 1. Two DMA 
acknowledge 
signals from the DMA controller, 
DACKO and DACK1, 
must be externally 
ANDed in this mode of operation. 
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Table 
1.82590 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Pin No. Type 
Name and Function 
(DIP) 
(PlCC) 


DACK1 
27 
42 
This is a multifunctlcn.bfdirecncnal 
pin which can be programmed 
to 
CS1/EOP 
DACK1 or CS1 lEap 
during configuration. 
When it is configured 
for EOP, it 
provides 
an open-drain 
output. 
, 
, 
~. 
I 
DMA ACKNOWLEDGE 
(CHANNEL 
1}-When 
lOW, 
this input signal from 
the DMA controller 
notifies the 82590 that the requested 
DMA cycle is in 
progress. 
This signal acts similarly to Chip Select for data and parameter 
transfers, 
using DMA channel 
1.. 


1/0 
CHIP SELECT 
(PORT 1}-When 
lOW, 
the 82590 is selected 
by the CPU 
- 
for command 
or status transfer through 
PORT 1. 
END OF PROCES8-A 
lOW 
output signal requests the DMA controller 
to 
terminate 
the active DMA service. 


ClK 
4 
5 
I 
CLOCK-In 
the 28-pin DIP, this is only an input pin. A TTl-compatible 
clock input to this pin provides the timing for the 82590 parallel 
subsystem. 
1/0 
In the 44-pin PlCC, 
this pin can be a clock input or output, depending 
on 
the state of ClKSRC. 
If ClKSRC 
is strapped 
lOW, 
this pin is a clock input 
, 
which provides timing for the 82590 parallel subsystem. 
If ClKSRC 
is 
, 
l 
strapped 
HIGH, the clock for the 82590 parallel subsystem 
is generated 
from the internal clock generator. 
The ClK 
pin is then a clock output and 
... 
provides a clock signal whose frequency 
can be one-half 
of or identical 
to, 


r 
, 
the frequency 
of the internally 
generated 
parallel subsystem 
clock, 


c: 
depending 
on the state of FREQ. Note that the maximum frequency 
of the 
clock signal supplied 
by the ClK 
pin is 8 MHz. 
.~ 
ClKSRC 
FREQ 
ClK 
Clock 
for the 


"I·'l·· 
fype 
Signal 
Parallel 
Subsystem 


. 
. 
o (lOW) 
Don't 
I 
Clock 
Clock as Provided on the ClK 
Pin 


" 
Care 


'" 
, 


I',· 
1 (HIGH) 
1 
0 
Internal 
Prescaled 
Clock Generated 
from 
Parallel 
the Internal Clock Generator 


I·, 
Subsystem 
Clock Divided 
I;, 
- 
by Two 


1 
0 
0 
Internal 
Prescaled 
Clock Generated 
from 


". 
Parallel 
the Internal Clock Generator 
Subsystem 
Clock 


ClKSRC 
NA 
6 
I 
CLOCK 
SOURCE-When 
strapped 
lOW, 
a clock signal on the ClK 
pin 
provides timing for the parallel subsystem. 
When strapped 
HIGH, timing 
for the parallel subsystem 
is internally 
generated 
from the clock generator 
provided 
in the serial subsystem. 
The internal prescaler 
is programmed 
during configuration 
to determine 
the frequency 
of the clock for the 
parallel subsystem. 


FREQ 
NA 
7 
I 
FREQUENCY-When 
strapped 
lOW, 
ClK 
has an output frequency 
equal 
to that of the internal parallel subsystem 
clock. When strapped 
HIGH, ClK 


I 
has an output frequency 
one-half 
that of the internal parallel subsystem 
clock. The state of this pin is relevant only when ClKSRC 
is strapped 
HIGH. 
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Table 
1.82590 
Pin Description 
(Continued) 


Symbol 
Pin No. 
Pin No. 
Type 
Name and Function 
(DIP) 
(PLCC) 


High Integration 
Mode 
X1/X2 
15/16 
24/25 
I 
OSCILLATOR 
INPUTS- 
These inputs may be used to connect 
a 
quartz crystal which controls 
the internal clock generator 
for the 


'I 


serial subsystem. 
When CLKSRC is strapped 
HIGH, the clock 
generator 
also provides 
a clock for the parallel subsystem. 
X1 may also be driven by a MOS-Ievel 
clock whose frequency 
is 8, 


10, 16, or 18 times the bit rate of Transmit/Receive 
data. X2 must 


,. 
be left floating 
if X1 is connected 
to an external 
MOS clock. 


High Speed 
Mode 
TxC 
15 
24 
I 
TRANSMIT 
CLOCK-This 
signal provides the fundamental 
timing 
for the serial subsystem. 
The clock is also used to transmit 
data 
synchronously 
on the TxD pin. For NRZ encoding, 
data is 
transferred 
to the TxD pin on the HIGH to LOW clock transition. 
For 
Manchester 
encoding, 
the transmitted 
bit center is aligned with the 
LOW to HIGH transition. 


RXC 
16 
25 
I 
RECEIVE 
CLOCK-This 
clock is used to synchronously 
sample 
data on the RxD pin. Only NRZ data format is supported 
for 
reception. 
The state of the RxD pin is sampled 
on the HIGH to Low 
transition. 


TCLK/CFffi 
24 
36 
I' 
CARRIER 
SENSE-In 
High Speed Mode this pin is Carrier Sense, 


CRS, and is used to notify the 82590 that the serial link is active 
0 
TRANSMIT 
CLOCK-In 
High Integration 
Mode this pin is Transmit 
Clock, TCLK. 


CDT 
23 
35 
I 
COLLISION 
DETECT-This 
input notifies the 82590 that a collision 
has occurred. 
In High Speed Mode a collision 
is sensed by this pin 


only when the 82590 is configured 
for external 
Collision 
Detect 
(external 
means are then required for collision 
detection). 
In High 


Integration 
Mode collisions 
are sensed by this pin regardless 
of the 
internal or external 
Collision 
Detect configuration 
of the 82590. 


RxD 
19 
31 
I 
RECEIVE 
DATA-This 
pin receives 
serial data. It must be HIGH 
when not receiving. 


TxD 
20 
32 
0 
TRANSMIT 
DAT A-This 
pin transmits 
data to the serial link. It is 
HIGH when not transmitting. 


RTS 
21 
33 
0 
REQUEST 
TO SEND-When 
this signal is LOW the 82590 notifies 
the channel 
that it has data to transmit. 
It is forced 
HIGH after a 
reset or when transmission 
is stopped. 


CTS/LPBK 
22 
34 
1/0 
CLEAR 
TO SEND-An 
active LOW signal which enables the 82590 
to start transmitting 
data. Asserting 
this signal HIGH stops the 
transmission. 


" 
LOOPBACK- 
This pin, in conjunction 
with a pull-down 
resistor, can 


be programmed 
to provide an active HIGH loopback 
signal to the 
external 
interface 
device. 


Vcc 
28 
1 
POWER: + 5V ± 10% 
43 
44 


Vss 
14 
21 
GROUND:OV 
22 
23 
- 
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FUNCTIONAL 
DESCRIPTION 


82590 


Internal Architecture 


The 82590 consists of a parallel subsystem, a serial 
subsystem, and a FIFO subsystem (see Figure 1). 


Parallel Subsystem 


The parallel subsystem consists of a bus interface 
unit (BIU), command and status registers, a 24-bit 
general purpose timer, and three 16-bit event coun- 
ters. 


The BIU provides an 8-bit data bus interface to the 
external system bus. It handles all data transfers to 
and from memory (at speeds up to 8 Mbytes/sec.), 
accepts commands from the CPU, and provides 
status to the CPU.There are two separate I/O ports, 
Port 0 and Port 1; and two separate DMA channels, 
Channel 0 and Channel 1. Port 0 is the 82588-com- 
patible I/O port through which the CPU issues com- 
mands such as Transmit and Receive Enable. The 
82590's enhanced features, such as the general 
purpose timer and event counters, are accessed 
through Port 1. The two DMA channels are indepen- 
dent of each other and can be used for high-per- 
formance operations such as simultaneous trans- 
mission and reception. 


The 24-bit timer consists of a 24-bit maximum count 
register, a 24-bit count register, and associated con- 
trol bits in the command registers. Its clock source 
can be the transmit clock or the parallel subsystem 
clock. The timer can be programmed to halt or con- 
tinue on a terminal count with or without causing an 
interrupt. 


The three 16-bit event counters can be programmed 
to count valid frames, collided frames, and errored 
(CRC or Alignment) frames. When these event 
counters are used in Monitor mode, the 82590 is 
capable of maintaining the network statistics by it- 
self; i.e., without requesting DMA services or causing 
interrupts to the CPU. 


Serial Subsystem 


The serial subsystem consists of a CSMAlCD unit, a 
data encoder and decoder, collision detect and car- 
rier sense logic, and a clock generator. 


The 82590's CSMAlCD unit is highly flexible in im- 
plementing the CSMAlCD protocol. It can operate in 


a variety of IEEE 802.3 and other CSMAlCD LAN 


. environments, 
including 
1BASE5 
(StarLAN, 
10BASE5 (Ethernet), 10BASE2 (Cheapernet), and 
the IBMTMPC Network (Baseband and Broadband). 
The programmable parameters include: 


• Framing (IEEE 802.3 Framing or HDLC Framing) 


• Address Field Length 
• Station Priority 
• Interframe Spacing 


• Slot Time 
• CRC-32 or CRC-16 


The encoder and decoder in the serial subsystem is 
capable of NRZI, Manchester, and Differential Man- 
chester encoding and decoding at bit rates up to 4 
Mb/s in High-Integration Mode, and Manchester en- 
coding at bit rates up to 20 Mb/s in High-Speed 
Mode. A digital phase-lock loop is used in High-Inte- 
gration Mode to decode the receive data and to gen- 
erate the synchronous receive clock. 


The collision detect and carrier sense logic generate 
the internal collision detect and carrier sense signals 
for the CSMAlCD unit. 
. 


The 82590 implements several different internal, 
logic-based collision detect mechanisms. Two of 
these, Code Violation and Bit Comparison, are also 
available with the 82588. The Code Violation meth- 
od defines a collision where a transition edge occurs 
outside the area of normal transitions (as specified 
by the data encoding method). For example, if there 
are no mid-bit cell transitions in the Manchester en- 
coded data, this method interprets that condition as 
a collision. The Bit Comparison method compares 
the signature of the transmitted frame to the signa- 
ture of the received frame. If the signatures are dif- 
ferent, a collision is assumed to have occurred. Two 
other internal collision detect methods implemented 
in the 82590 are Source Address Comparison and 
StarLAN CPS (Collision Presence Signal) Recogni- 
tion. The Source Address Comparison compares the 
source address field of the transmitted frame to the 
source address field of the received frame. If the 
source addresses are different, it assumes that a 
collision has occurred resulting in data corruption in 
the source address field. The StarLAN CPS Recog- 
nition method looks for the specific collision pres- 
ence signal defined by the IEEE 802.3 1BASE5 
standard. Other abnormal circumstances, such as 
no carrier for more than one-half slot time in the 
receive channel during transmission, are interpreted 
as collisions by the 82590. 
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In addition to these internal, logic-based collision de- 
tection methods, an external means of collision de- 
tection can be used in parallel by using the COT 
input pin. 


The clock generator in the serial subsystem is avail- 
able only in High-Integration Mode and provides tim- 
ing for the serial subsystem. The clock signal can 
also be routed to the parallel subsystem, if so de- 
sired. The oscillator circuit is designed for use with 
an external, parallel resonant, fundamental mode 
crystal. The crystal frequency should be selected at 
8x, 10X, 16x, or 18x the required serial bit rate. 


FIFO Subsystem 


The FIFO subsystem is located between the parallel 
subsystem and the serial subsystem. It consists of a 
transmit FIFO, a receive FIFO, and FIFO control log- 
ic. The transmit and receive FIFOs are independent 
of each other and individually provide optimal inter- 
faces between the two subsystems which may have 
different speeds. There is a total of 64 bytes that can 
be used for the two separate FIFOs. During configu- 
ration these 64 bytes can be divided into one of four 
possible combinations: 16 and 16 bytes, 16 and 48 
bytes, 32 and 32 bytes, or 48 and 16 bytes for the 
transmit and receive FIFO respectively. The FIFO 
threshold is also programmed during configuration. 


PROGRAMMING 
MODEL-REGISTER 
OVERVIEW 


Figure 4 shows the 82590 internal registers that are 
directly accessible through the 8-bit I/O ports: Port 0 
and Port 1. The registers enclosed in darker lines 
are 82588-compatible registers and are accessible 
only through Port O. 


Figure 5 shows the Port 0 commands. All of the Port 
o commands are compatible with the 82588 except 
for the NOP command with the channel bit set to 1. 
If the NOP command is executed with the channel 
bit set to 1, the active port is switched to Port 1. Port 
0, which is selected by CSO in hardware, logically 
becomes Port 1. When the hardware does not sup- 
port the second chip select, CS1, this software port 


switch command is used. Figure 6 shows the Port 1 
commands. When the SWT-TO-PORT-Ocommand 
is executed, the active port is switched back to Port 
O. 


The 82590 can be configured to have 4 or 6 bytes of 
status registers in Port 0 (see Figures 4 and 7). 
When configured to 4 bytes of status registers, for- 
mats of these registers are identical to those of the 
82588. The first three status registers (STATUS 0 
through 2) contain the information about the last 
command executed or the last frame received. The 
last status register, STATUS 3, contains the state of 
the 82590. When the 82590 is configured to 6 bytes 
of status registers, the two additional bytes are used 
to report a more complete status of the most recent- 
ly received frame. 


Status of the timer and event counters is available in 
the Port 1 status registers as shown in Figure 8. 


82590 AND HOST INTERACTION 


The CPU interacts with the 82590 through the sys- 
tem's memory and the 82590's on-chip registers. 
The CPU creates a data structure in memory, pro- 
grams the external DMA contr-ollerwith the start ad- 
dress and byte count of the memory block, and is- 
sues a command to the 82590. 


The chip select and interrupt lines are used to com- 
municate between the 82590 and the CPU as shown 
in Figure 9. The interrupt signal is used by the 82590 
to attract the CPU's attention. The chip select signal 
is used by the CPU to attract the 82590's attention. 
Note that the 82590 does not have any address 
lines. 


There are two kinds of transfers over the bus: com- 
mand/status 
and data transfers. The command/ 
status transfers are always performed by the CPU. 


. The data transfers are requested by the 82590, and 
are usually performed by a DMA controller. Table 2 
shows the command/status and data transfer con- 
trol signals. The CPU writes commands to the 82590 
using the CSO(or CS1) and WR s~als, 
and reads 
status using the CSO(or CS1) and RD signals. When 
data. transfers are performed, DACKO or DACK1 
must be asserted by the DMA controller instead of 
the Chip Select. 
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PORT 0 COMMAND 
(WRITE 
ONLY) 
7 
0 


~ 
COMMAND I 


Port 
0 Status 
(Read 
Only) 
7 
0 


STATUS 
0 
STATUS 
0 


STATUS 
1-0 


STATUS 
1-1 


STATUS 
2-0 


STATUS 
2-1 


STATUS 
3 


STATUS 
1 


[ 


6 or 4] 
Bytes 
of 
Status 
Registers 


STATUS 
2 


STATUS 
3 


PORT 
1 COMMAND 
(WRITE 
ONLY) 
7 
0 


CO~~AND 


PARA~ETER 
0 


PARA~ETER 
1 


PARAMETER 
2 


Port 
1 Status 
(Read 
Only) 
7 
0 


STATUS 
0 


STATUS 
1 


STATUS 
2 


STATUS 
2 


Port 
1 TImer/Counter 
Count 
Registers 
(Read 
Only) 
23 
1615 
87 
0 
I 
nMER 
I 


COUNTER 
1 


COUNTER 
2 


COUNTER 
3 


Port 
1 TImer/Counter 
~axlmum 
Count 
Registers 
(Read 
Only) 


23 
16 
15 
8 7 
0 
r 
TIMER 
I 


COUNTER 
1 


COUNTER 
2 


COUNTER 
3 
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Figure 4. Programming 
Model-Directly 
Accessible 
Registers 
(Accessible 
Through 
8-Blt 110 Port[sl) 
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Port 0 Command 
76543210~r-'l 


OPCODE 


NOP 
0 (CHNL = 0) 
o (CHNL=l) 
lA-SETUP 
1 
CONFlGURE 
2 
MC- SETUP 
3 
TRANSMIT 
4 
TOR 
5 
DUMP 
6 
DIAGNOSE 
7 
RETRANSMIT 
12 
ABORT 
13 
RCV- ENABLE 
8 
ASSIGN-ALT- 
BUf 9 
RCV- DISABLE 
10 
STOP- RCV 
11 
nx- PTR 
15 (CHNL= 
1) 
RLS - PTR 
15 (CHNL = 0) 
RESET 
14 


L. 
• 
CHNL ( CHANNEL 0 
CHANNEL 1 


[ 


STATUS 
0 
':------+ 
PTR 
~~~~~ i 


STATUS 3 


'- 
• 
IN - ACK ( NO ACKNOWLEDGE 0 
- 
ACKNOWLEDGE 
1 


o 
1 


00 
01 
10 
11 
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Figure 5. Port 0 Commands 


Port 0 Command 
76543210 


'---;--.TC/GP 
( GENERALPURPOSE 
0 
TIMER/COUNTERS 
1 


NOP 
0 
SWT-TO-PORT-O 
1 
SET-TS 
5 
RST-TS 
7 
~ 
~CODE 
LCL- PWR- OWN 
8 


(TC/GP = 0) 
~~T_-:r:J!- OWN 
1~ 


RLS-PTR 
13 
RESET 
14 
SEL-RST 
15 


NOP 
0 
START 
1 
STOP 
2 
RESUME 
3 
LD '" START 
5 
ACK-INT 
7 
(TC/GP= 
1) 
COUNT 
8 
START-ALL- COUNTERS9 
SET-VAL 
10 
SET- CONF 
11 
RD-MAX-COUNT-VAL 
12 
RD-COUNT-VAL 
13 
RESET 
14 


{ 


STATUSO 
'-- 
-+ PTR 
STATUS1 


(TC/GP = 0) ;i~~;; 


. 
{TIMER 


(TC/GP = 1) gg~~~:~ 


COUNTER3 


L.- 
.INT 
- ACK ( NO ACKNOWLEDGE 
- 
ACKNOWLEDGE 


00 
01 
10 
11 


00 
01 
10 
11 


o 
1 
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Figure 6. Port 1 Commands 
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Status Reglsters-6 
Bytes 


5 
4 
3 
2 
6 
o 
7 


INT I 
RCV I 
EXEC I 
CHNL I 
EVENT 


RESULT 1 


RESULT 2 


RECEIVE BYTE COUNT (LOW)/rRAME 
COUNTER 


RECEIVE BYTE COUNT 
(HIGH) 


RCV I 
RCV ~TATE I 
Bur. 
CHAIN'G I EXEC I 
EXEC ~TATE 
CHNL 
NO. or 
Bur. 
CHNL 


STATUS 0 


STATUS 1-0 


STATUS 1-1 


STATUS 2-0 


STATUS 2-1 


STATUS 3 
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Status Reglsters-4 
Bytes 
(82588 Compatible Modes) 


6 
5 
4 
3 
2 
7 
o 


INT I 
RCV I 
EXEC I 
CHNL I 
I 
EV~NT 
I 


I 
I 


RESULT 1 


RESULT2 


RCV I 
RCV ~TATE I 


Bur. 
CHAIN'G I txtc I 
EXEC fTATE 
CHNL 
NO. or 
Bur. 
CHNL 


STATUS 0 


STATUS 1 


STATUS 2 


STATUS 3 


290147-8 


Events 
Value 
Events 
Value 
(Status 
0) 
(Status 
0) 


CMOS" 
o (CHNl 
= 1) 
Diagnose-Passed 
7 
IA-Setup-Done 
1 
End-Of-Frame 
8 
Configure-Done 
2 
Request-Next-Buffer 
9 
MC-Setup-Done 
3 
Reception-Aborted 
10 
Transmit-Done 
4 
Retransmit-Done 
12 
TOR-Done 
5 
Execution-Aborted 
13 
Dump-Done 
6 
Diagnose-Failed 
15 


"Available 
only aiter 
Hardware 
or Software 
Reset 


Figure 7. Port 0 Status Registers 


7 
6 
5 
4 
3 
2 
1 
0 
TImer/Counter 
Events 
Value" 


INT 1><1 
GP 1 
T/C 1 
I 
EVlNT 
I 
STATUS 
0 
(T/C = 1) 
(Status 
0) 


Timer Expired 
Bit 0 = 1 
TIMER/COUNTER 
STATUS 
STATUS 
1 
Counter 
1 Expired 
Bit 1 = 1 


TIMER/COUNTER 
CONFIGURATION 
STATUS 2 
Counter 
2 Expired 
Bit2 = 1 


PORT 1 COMMAND 
I 
TIMER/COUNTER 
STATUS 
3 
Counter 
3 Expired 
Bit3 = 1 
STATUS 
CONFIGURATION 
General 
Purpose 
Event 
Value" 
290147-9 
(GP = 1) 
(Status 
0) 


REM-PWR-UP 
9 


"The 82590 may have more than one EVENT 
bit set by the time the CPU reads 
the status 
register. 


Figure 8. Port 1 Status Registers 
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Table 2. Data Bus Control 
Signals and Functions 


Figure 9. 82590/Host 
CPU Interaction 


Pin Name 


CSO 
RD 
WR 
Function 
CS1* 


1 
X 
X 
No Transfer 
To/From 
0 
1 
1 
Command/Status 


0 
0 
0 
Illegal 


0 
0 
1 
Read from Status 
Register 


0 
1 
0 
Write to Command 
Register 


DACKO 
RD 
WR 
DACK1* 


1 
X 
X 
No DMA Transfer 
0 
1 
1 


0 
0 
0 
Illegal 


0 
0 
1 
Data Read from DMA 


, 
Channel 0 (or 1) 


0 
1 
0 
Data Write to DMA 
Channel 0 (or 1) 


'Only one of C&i, CS1, DACKO, or DACK1 may be active 
at any time. 


To initiate an operation 
such as Transmit 
or Config- 
ure (see Figure.5), the command 
from the CPU must 
first be written to the 82590. Any parameters 
or data 
associated 
with the command 
are transferred 
from 
memory 
to the 82590 
using DMA. Upon completion 
of the operation, 
the 82590 
updates 
the appropriate 
status registers 
and sends an interrupt 
to the CPU. 


FRAME TRANSMISSION 


To transmit 
a frame, 
the CPU prepares 
a Transmit 
Data Block in memory as shown in Figure 10. Its first 
two bytes specify the length of the rest of the block. 
The next few bytes (up to six) contain the destination 
address 
of the station 
the frame 
is being 
sent 
to. 
The rest of the block is the data field. The CPU pro- 
grams the DMA controller 
with the start address 
of 
the block, 
length 
of the block, 
and other control 
in- 


formation 
and then 
issues 
a Transmit 
command 
to 
the 82590. Upon receiving 
this command, 
the 82590 
fetches 
the first two bytes of the block to determine 
its length. 
If the link is free and the first data byte 
was fetched, 
the 82590 
begins transmitting 
the pre- 
amble and concurrently 
fetches 
more bytes from the 
Transmit 
Data Block and loads them into the trans- 
mit FIFO to keep them ready for transmission. 
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I 
PREAMBLE 
} 
BLOCK BYTE COUNT 
SfD 
(BOF FLAG) 


DESTINATION ADDRESS 
DESTINATION ADDRESS 


DATA FIELD 
SOURCE ADDRESS 
~ 
[ 


LENGTH FIELD 


CPU GENERATED 
INFORMATION FIELD 
DATA STRUCTURE IN MEMORY 
PADDING (OPTIONAL) 
(TRANSMIT 
DATA BLOCK) 


FRAME CHECK SE~UENCE l 


EOF FLAG (OPTIONAL) 


PADDING (OPTIONAL) 


GENERATED BY 82590 


FROM 82590 
INDIVIDUAL 
ADDRESS 


GENERATED BY 82590 


290147-11 


The destination address is transmitted after the pre- 
amble. This is followed by the source or the station 
individual address, which was previously stored in 
the 82590 by the lA-Setup command. After this, the 
entire information field is transmitted, followed by a 
CRC field calculated by the 82590. If a collision is 
encountered during transmission of the frame, then 
the transmission is aborted after a jam pattern is 
sent. If the collision is detected during preamble or 
SFD (Start Frame Delimiter) transmission, the 82590 
transmits the jam pattern after the SFD is transmit- 
ted. An interrupt is then generated to inform the CPU 
of the unsuccessful transmission due to a collision. 
The CPU reinitializes the DMA controller and issues 
a Retransmit command to the 82590. Retransmis- 
sionis 
done by the CPU exactly as the Transmit 
command is done, except the Retransmit command 
keeps track of the number of collisions encountered. 
When the 82590 gets the Retransmit command and 
the backoff timer is expired, it transmits the frame 
again. Retransmission is repeated until the attempt 
is successful, or until the preprogrammed retry num- 
ber expires. 


Figure 10. The 82590 Frame Structure 
and Location 
of Data Element 
in System 
Memory 


Tightly Coupled Interface, retransmission is per- 
formed without CPU intervention. 


FRAME RECEPTION 


The 82590 can receive frames when its receiver has 
been enabled. The 82590 checks for an address 
match for an Individual address, a Multicast address, 
or a Broadcast address. In the Promiscuous mode 
the 82590 receives all frames. When the address 
match is successful, the 82590 transfers the frame 
to memory using the DMA controller. Before en- 
abling the receiver, it is the CPU's responsibility to 
make a memory buffer area available to the receiver 
and to properly program the starting address of the 
DMA controller. The received frame is transferred to 
the memory buffer in the format shown in Figure 11. 
This method of reception is called Single Buffer re- 
ception; the entire frame is contained in one continu- 
ous buffer. Upon completion of reception, the status 
of the reception is appended at the end of the re- 
ceived frame in the memory buffer, and the total 
number of bytes transferred to the memory buffer is 
loaded into the internal status registers 1 and 2. An 
interrupt is then generated to inform the CPU of the 
frame reception. 


If the 82590 is programmed to generate the EOP 
signal to the 8237 or 82380 DMA controller, or if it is 
used with a DMA controller which implements the 
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DATA 


SINGLE 
BUFFER 
RECEPTION 


BLOCK LENGTH 
DESTINATION 
BL 
ADDRESS 


DESTINATION 
SOURCE 
ADDRESS 
ADDRESS 


INFORMATION ~ 
INFORMATION 


BLOCK 
IN MEMORY FOR 
TRANSMISSION 
FRAME STATUS 


BLOCK 
LENGTH 
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Figure 11. Single Buffer Reception 


If the frame size is unknown, memory usage can be 
optimized by using Multiple Buffer reception. In this 
mode of operation, the CPU and DMA Controller can 
dynamically allocate memory space as it receives 
frames. This method requires both DMA channels to 
receive the frame alternately. As frame reception be- 
gins, the 82590 interrupts the CPU and automatically 
requests assignment of the next available buffer.. 
The CPU does this and loads the second DMA 
channel with the next buffers information so the 
82590 can immediately switch to the other channel 
when the current buffer is full. When the 82590 
switches from the first to the second buffer it again 
interrupts the CPU and requests another buffer to be 
allocated on the previous channel. This process 
continues until the entire frame is received. The re- 
ceived frame is spread over multiple memory buff- 
ers. The link between the buffers is easily main- 
tained by the' CPU, using a buffer chain descriptor 
structure in memory as shown in Figure 12. This dy- 
namic allocation of memory buffers results in effi- 
cient use of available storage when handling frames 
of widely differing sizes. 


If the 82590 is programmed to generate the EOP 
signal to the 8237 or 82380 DMA controller, or if it is 
used with a DMA controller which implements the 
Tightly Coupled Interface, buffer reclamation and 


more advanced data structures for the buffer area 
can significantly improve system performance. 


EOP SIGNAL 
TO THE DMA 
CONTROLLER 


The 82590 can be programmed to assert the EOP 
signal to the 8237 or 82380 DMA controller when 
one or more of the following occurs: 
• A collision during transmission 
• An error (CRC or alignment) during reception 
• A good frame reception 


If the 8237 or 82380 is programmed for Auto-initial- 
ize mode and if the 82590 is programmed to assert 
the EOP signal on a collision during transmission, 
the retransmission following a collision is done auto- 
matically by the 8237 and the 82590. The 8237 will 
reinitialize itself automatically and the 82590 will re- 
transmit the same frame from the same memory 
area without CPU intervention. When the 82590 is 
programmed for this mode it does not interrupt the 
CPU upon a collision, and the CPU does not need to 
issue a Retransmit command to the 82590. The CPU 
is interrupted only after a successful transmission or 
retransmission, or after a transmission failure, such 
as DMA underrun. 
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@ BUFFER 
1 


.@ BUF"F"ER 2 
••• 


@ BUF"F"ER N 
••• 


BUF"F"ER CHAIN 
DESCRIPTION 
(IolANAGED 
BY CPU) 


DEST ADDR 


BUF"F"ER # 2 


STATUS 
•... 
----i 
BUF"F"ER #N 
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Figure 12. Multiple Buffer Reception 


if the 82590 is programmed to assert the EOP signal 
when an error occurs during reception, the 8237 or 
the 82380 in Auto-initialize mode will be able to re- 
claim the memory area which would otherwise be 
wasted for the errored frame reception. If the 82590 
is programmed to assert EOP at the end of a frame 
reception, automatic buffer switching can be accom- 
plished by alternating the DMA channels with the 
8237 or the 82380. When the 82380 is used, the 
buffer switching can be done with only one DMA 
channel. 


The EOP signal must be derived from the DACK1I 
CS1IEOP pin using external logic (see Figure 13). 


82590/82560 TIGHTLY 
COUPLED 
INTERFACE 


The 82590 has a mode of operation called "Tightly 
Coupled Interface." In this mode the 82590 provides 
a tightly coupled interface to a DMA controller in or- 
der to execute some of the time-critical processes of 
the CSMAlCD protocol without any CPU interven- 
tion. By using the 82590's companion chip, the 
82560, or by implementing the Tightly Coupled Inter- 
face in a DMA controller, operations such as auto- 
matic 
retransmission, 
continuous 
back-to-back 
frame reception, and transmit andlor receive buffer 
chaining can be accomplished. 


The 82590 provides the status of the current active 
transmission or reception to the DMA controller by 
using the ORa and EOP signals at the end of every 
DMA cycle. The status is encoded according to Ta- 


ble 3. As long as the 82590 generates..QBa t:!!g!l 
and EOP Floating at the rising edge of RD or WR, 
the DMA controller repeats DMA transfers. If the 
transmission is completed without collisions or if the 
reception is good (no collision, no CRC, or no Align- 
ment error), then ORa and EOP both become Low 
at the end of a DMA transfer which follows the last 
DMA data transfer. If the transmission encountered 
a collision or if the reception had an error, ORa be- 
comes High and EOP becomes Low. The DMA con- 
troller must decode these signals appropriately and 
must reinitialize the DMA channel so it can retrans- 
mit the same frame or reclaim the otherwise wasted 
buffer. It is the DMA controller's responsibility to re- 
program itself for the next appropriate operation. 


The 82560 fully implements the Tightly Coupled In- 
terface and provides very high-performance DMA 
services for the 82590 with minimal CPU involve- 
ment. 


NETWORK 
MANAGEMENT 
AND 
DIAGNOSTICS 


The 82590 provides a large set of diagnostic and 
network management functions including: internal 
and external loopback, monitor mode, optional cap- 
ture of all frames regardless of destination address 
(Promiscuous mode), and time domain reflectometry 
for locating fault points in the network cable. The 
82590 Dump command ensures software reliability 
by dumping the contents of the 82590 internal regis- 
ters into the system memory. 


1·225 


intJ 
82590 


OROO 


OROl <::r----------I 


5V 


82590 


OROO 


OROl 


~ ~~--------~~ 


WR ~~------'-----I 
WR 


CSO c>---------~cso 


290147-14 


Figure 13. Demultiplexing 
DACK/CS1/EOP Pin 


Table 3. Transmit/Receive 
Status Encoding on DRQ and EOP 


DRQ 
EOP 
Status Information 


0 
Hi·Z 
Idle 


1 
Hi-Z 
DMA Transfer 


O. 
0 
Transmission or Reception Terminated OK 


1 
0 
Transmission or Reception Aborted 


OTHER 
ENHANCEMENTS 


Compared to the 82588 the 82590 has a number of 
functional and performance enhancements. This 
section lists some of these enhancements which are 
not covered in other sections. 
<D 
Multi-lA-The 
82590 implements multiple-indi- 
vidual address (Multi-lA) filtering. It can receive 
more than one lA frame in this mode. 
® 
Power 
Down 
Modes-Two 
power 
down 
modes, Local Power Down and Remote Power 
Down, are available. When the 82590 is in Re- 
mote Power Down mode, it can be powered up 
remotely by sending a special frame to it. 


@ 
Automatic 
Padding and IEEE 802.3 Length 
Field-If 
a frame to be transmitted is shorter 
than the configured Slot Time, the 82590 auto- 
matically appends pad bytes up to the shortest 


frame greater than the Slot Time. If the data 
field of a received frame is longer than the byte 
count indicated in the Length field, the extra 
bytes are stripped automatically according to 
the Length field. Erroneous conditions are de- 
tected and reported by the 82590. An example 
of such conditions is reception of a frame 
which is shorter than the byte count indicated 
in the Length field. 


@ 
Automatic Retransmlsslon on Collision Dur- 
ing 
Preamble-The 
82590 
can 
be 
pro- 


grammed to retransmit automatically if it de- 
tects a collision during transmission of the 
preamble. 
® 
On-Chip Jabber Inhibit Function-The 
82590 
can be programmed to provide an on-chip jab- 
ber inhibit function. 
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@ 
CRC Transfer to Memory-The 
82590 can 
be programmed to transfer the CRC field of a 
received frame into memory. 


<2J Loopback Signal to the 82C501- The 82590 
can be programmed to provide an active High 
loopback signal to the 82C501 (see Figure 14). 


® 
StarLAN- The 82590 can be configured to 
recognize the IEEE 802.3 1BASE5 Collision 
Presence Signal (CPS).In this mode it also de- 
lays deactivation of the RTS signal at the end 
of a frame transmission in order to insert an 
end-of-frame marker according to the stan- 
dard. 


APPLICATIONS 


The 82590 can be used in a variety of applications. 
When it is used in High-Integration Mode, it imple- 
ments most of the Data Link and Physical Layer 
functions required by the IEEE 802.3 1BASE5 (Star- 
LAN) and the IBM PC Network-BaseQand 
and 
Broadband. When it is used in High-Speed Mode, it 
can work with the 82C501 and a standard transceiv- 
er 
for 
IEEE 
802.3 
10BASE5 
(Ethernet) 
and 
10BASE2 (Cheapernet) implementations. 


Figure 
15 
shows 
a 
block 
diagram 
of 
an 
82590/82560 High Integration adapter board. The 
82560 provides the following functions: DMA for the 
82590 with Tightly Coupled Interface and dual-port 
memory control for the static RAM. The 82590 is 
configured to High-Integration mode to minimize the 
serial interface logic. 


82590 
82C501 


74HCT04 


CTS/LPBK 
:3 
LPBK 
- 
10 k.Q 
-L... 
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Figure 14. Loopback Output to the 82C501 
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Figure 15,82590/82560 High-Integration 
Adapter 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 
Case Temperature 
(Tc> Under Bias 
Plastic 
O°C to + 85°C 
PLCC 
O°C to + 85°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on any Pin with 
Respect to Ground 
- 1V to + 7V 


Power Dissipation 
550 mW 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CH.ARACTERISTICS 
(Tc [Plastic] 
= O°C to + 85°C. Tc [PLCC] = O°C to + 85°C. vcc = 
+5V 
±10%) 


TxC and RxC have MOS levels (see VMll. VMIH). All other signals have TIL 
levels (see Vll. 
VIH. VOL. VOH). 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage 
(TIL) 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(TIL) 
2.0 
vcc + 0.5 
V 


VOl 
Output Low Voltage 
(TIL) 
0.45 
V 
IOl = 2.0mA 


VOH 
Output High Voltage (TIL) 
2.4 
V 
IOH = - 
400 fLA 


VMll 
Input Low Voltage 
(MOS) 
-0.5 
0.6 
V 


VMIH 
Input High Voltage 
(MOS) 
3.9 
vcc + 0.5 
V 


III 
Input Leakage Current 
±10 
fLA 
OV s VIN s Vcc 


ILlO 
1/0 Leakage Current 
±10 
fLA 
0.45V 
~ VOUT s; vcc - 
0.45V 


CIN 
Capacitance 
of Input Buffer 
10 
pF 
Frequency 
= 1 MHz 


CIO 
Capacitance 
of I/O Buffer 
20 
pF 
Frequency 
= 1 MHz 


Icc 
Power Supply Current 
80 
mA 
(Note 1) 


5 
mA 
(Note 2) 
, 


1 
mA 
(Note 3) 


.- 
(Note 4) 


NOTES: 
1. System side (ClK) at 16 MHz. serial side (TxC) at 20 MHz in High-Speed Mode. 
2. Remote power-up mode. 
3. Power-down mode--all inputs connected to vcc level. 
4. General formulas for current are: (a) f(ClK) 
x 2.9 + f(TxC) x 1.8 for High Speed Mode. (b) f(ClK) 
x 2.9 + f(TI!C) x 


0.2 + f(TFC) x 1.8/SR. where SR is the sampling rate in High-Integration Mode, and f = frequency in MHz. 
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tl 
ClK 
Cycle Time 
62.5 
, 
ns 
. 


t2 
ClK 
low Time 
27 
ns 
(Note 5) 


ClK 
High Time 
" 
27 
(Note 5) 
t3 
ns 


~ 
ClK 
Rise Time 
5 
ns 
(Note 1) 


t5 
ClK 
Fall Time 
5 
ns 
(Note 2) 


SYSTEM 
CLOCK OUTPUT 
PARAMETERS 


t98 
ClK 
Cycle Time 
120 
ns 
(Notes 4, 7) 


t99 
ClKlowTime 
50 
ns 
(Note 4) 


tl00 
ClK 
High Time 
, 
50 
ns 
(Note 4) 


tl0l 
ClK 
Rise Time 
15 
ns 
(Notes 1, 4) 


t102 
ClKFallTime 
15 
ns 
(Notes 2, 4) 


RESET PARAMETERS 


ts 
Reset Active to Clock low 
20 
I 
ns 
(Note 3) 


t8 
Reset Pulse Width 
4tl 
ns 


t9 
Control 
Inactive after Reset 
2t1 
ns 


INTERRUPT 
PARAMETERS 


tlO 
ClK 
High to Interrupt Active 
55 
ns 
(Note 4) 


tll 
WR Inactive to Interrupt 
55 
ns 
(Note 4) 


t103 
Int low to Int High Gap 
2tl 
ns 
(Note 4) 


WRITE 
PARAMETERS 


f12 
CSO, CS1, DACKO, or 
0 
ns 
DACK1 Setup to WR low 


t13 
WR Purse Width 
55 
'" 
ns 


t14 
CSO, CS1, DACKO, or 
0 
ns 
DACK1 Hold after WR High 


t15 
Data Setup to WR High 
30 
ns 


t16 
Data Hold after WR High 
3 
ns 


t94 
Write Cycle Time 
2tl 
ns 


t96 
WR Inactive Time 
55 
ns 


NOTE: 
To achieve socket compatibilty with the Inte182588, the rise and fall time specifications of the Intel 82588 can be applied for 
the 82590 clock inputs (Cl.K, TXC, R5(C, TFC). This is valid only for standard 82588 operating frequencies. Refer to the Intel 
82588 data sheet for these specifications. 
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A.C. CHARACTERISTICS 
(Cl on all outputs is 20 pF-125 
pF unless otherwise 
specified.) 
(Contin\:led) 
I 
Symbol 
I 
Parameter 
I 
Mln 
I 
Max 
I 
Units 
I 
Test Conditions 
I 


READ PARAMETERS 


t17 
CSO, CS1, DACKO, or 


.O~· 
0 
" 
ns 
DACK1 Setup to RD low 


f 


"- - 
~ 
~ 


t18 
RD Pulse Width 
55 
ns 


t19 
CSO, CS1 DACKO, or 
0 
ns 
DACK1 Hold after RD High 


t20 
. RD low 
to Data Valid 
45 
ns 


t21 
Data Float after RD High 
5 
40 
ns 


t95 
Read Cycle Time 
2t1 
ns 


t97 
RD Inactive Time 
55 
ns 
- 
" 
'j', 
- - 


DMA PARAMETERS 


t22 
ClK 
low 
to DRQO 
,-_~1-" 
55 
ns 
(Note 4) 
or DRQ1 Active 
T 
.' 


t23 
WR or RD low to DRQO 
45 
ns 
(Note 4) 
or DRQ1 Inactive 


t104 
WR or RD High to DRQO or 
2.5 
65 
ns 
(Note 4) 
DRQ1 Inactive--82560 
Retransmit 
or Receive Buffer Reclaim 


t105 
WR or RD low 
to EOP Active 
'45 
ns 
(Note 6~ 


t106 
EOP Float after DACKO 
40 
ns 
(Note 6) 
or DACK1 Going Inactive 
~ 


NOTES: 
1. 0.8V to 2.0V. 
2. 2.0V to 0.8V. 
3. To guarantee 
recognition 
on the next clock. 
4. CL = 50 pF. 
5. Measured 
at 1.5V. 


6. Open drain 1/0 pin. 
7. None of the A.C. Parameters 
are related 
to the ClK output 
pin. 


A.C. TESTING 
INPUT/OUTPUT 
WAVEFORMS 


290147-16 


TTL Input/Output 
Voltage 
Levels for Timing 
Measurements 
System Clock I/O Voltage 
Levels for Timing 
Measurements 


2.4 ~ 
1.5 -TEST 
POINTS--- 
1.5x= 


0.45 
290147-17 
A.C. Testing inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 1.5V for both 
a Logic "1" and "0". Rise and fall times are measured between 
0.6V and 2.0V. 
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Reset Timing 


ClK 


RESET 


OROO, 
OROl ------+--_ 
IHT 
T9 
290147-;19 


Interrupt Timing (Going Active) 


ClK 


IHT-+ 
I 


290147-20 


Interrupt Timing (Going Inactive) 


CSO~ 
I 
CSl 
~. 
J. 


~ 
-II 
c: 


,:----':========5""'----- 
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WRITE 
TIMING 


T13 
WR---_.I 


00-7 -------~ 
'" 
"UO "'~""'---~xr-~VA~L~IO~-X:::: 


NOTE: 
DACKO or DACK1 
may remain 
active 
continuously 
for consecutive 
DMA cycles. 


READ TIMING 


Rll---_..I 


T21 ::::L 
-~V~A~LI~O 
-l::::::::::X", __VA_L_'O__ 
X:::: 
°0-7 ------ 


NOTE: 
DACKO or DACK1 
may remain 
active 
continuously 
for consecutive 
DMA cycles. 
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DRQO DRQl 


T23 


Tightly Coupled Interface 


WR. Ri) 


--T23 
-T104 
I \. 


I 
I 


-- 
T1051= 
--T 
106 
290147-26 


DRQO.~\ 
DRQ1 


DACKO 
DACK 1 
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SERIAL 
INTERFACE 
A.C. TIMING 
CHARACTERISTICS 
TFC is the Crystal or Serial Clock 
Input at X1. 


X8Sampling 
X10Sampling 
X16Sampling 
X18 Sampling 


High Integration 
Mode 
For TFC Frequency 
= 1 MHz to 32 MHz (High) 


TCLK Frequency 
0.125 MHz-4 
MHz 
100 kHz-3.2MHz 
62.5 kHz-2 
MHz 
55.6 kHz-1.78 
MHz 


t29 = TCLK 
8 x t24 
10 X t24 
16 X t24 
18 X t24 
Cycle Time 


t30 = TCLK 
t24 (Typically) 
t24 (Typically) 
t24 (Typically) 
t24 (Typically) 
High Time 


t31 = TCLK 
7 x t24 (Typically) 
9 x t24 (Typically) 
15 x t24 (Typically) 
17 x t24 (Typically) 
Low Time 


For TFC Frequency 
= 0 MHz to 1 MHz (Low) 


TCLK Frequency 
0-0.125 
MHz 
0-100 
kHz 
0-62.5 
kHz 
0-55.6 
kHz 


t29 = TCLK 
8 x t24 
10 X t24 
16 X t24 
18 X t24 
Cycle Time 


t30 = TCLK 
t25 (Typically) 
t25 (Typically) 
t25 (Typically) 
t25 (Typically) 
High Time 


t31 = TCLK 
7 x t24 + t26 
9 X t24 + t26 
15 X t24 + t26 
17 X t24 + t26 
Low Time 
(Typically) 
(Typically) 
(Typically) 
(Typically) 


NOTES: 
X10 and X18 are available 
only for Manchester 
or Differential 
Manchester 
encoding/decoding 
t24 = Serial Clock 
Cycle Time 
t25 = Serial Clock 
High Time 
t26 = Serial Clock 
Low Time 


HIGH SPEED 
MODE 
• 
Applies 
for TxC, RxC 


• 
fmax = 20 MHz 
± 100 ppm 


1 
• For Manchester, 
symmetry 
is required: ts4, ts4 = - 
±5% 
2f 
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HIGH INTEGRATION 
MODE 


Parameter 
Test Conditions 


t24 
Fast Clock (TFC) Cycle Time 
31.25 
ns 
(Notes 1, 16) 


t25 
TFC High Time 
(Note 13) 
ns 
(Notes 1, 7) 


t26 
TFCLowTime 
12 
ns 
(Notes 
1, 17) 


t27 
TFC Rise Time 
3 
ns 
(Note 1) 


t28 
TFC Fall Time 
3 
ns 
(Note 1) 


TRANSMIT 
CLOCK PARAMETERS 


t29 
Transmit 
Clock (TCLK) 
(Note 13) 
ns 
(Note 2) 
Cycle Time 


t30 
TCLK High Time 
(Note 7) 
ns 
(Note 2) 


t31 
TCLK Low Time 
(Note 8) 
ns 
(Note 2) 


t32 
TCLK Rise Time 
10 
ns 
(Note 2) 


t33 
TCLK Fall Time 
10 
ns 
(Note 2) 


TRANSMIT 
DATA PARAMETERS 
(MANCHESTER, 
DIFFERENTIAL 
MANCHESTER) 


t34 
TxD Transition-Transition 
(Note 14) 
ns 


t35 
TCLK Low to TxD 
(Note 10) 
ns 
(Note 2) 
Mid Bit Cell Transition 


t36 
TCLK Low to TxD 
(Note 9) 
ns 
(Note 2) 
Bit Cell Boundary Transition 


t37 
TxD Rise Time 
10 
ns 
(Note 2) 


t38 
TxDFallTime 
10 
ns 
(Note 2) 


, 


TRANSMIT 
DATA PARAMETERS 
(NRZI) 


t39 
TxD Transition-Transition 
(Note 15) 
ns 


t40 
TCLK Low to TxD Transition 
(Note 9) 
ns 
(Note 2) 


41 
TxD Rise Time 
10 
ns 
(Note 2) 


42 
TxD Fall Time 
10 
ns 
(Note 2) 


RTS, CTS PARAMETERS 


t43 
TCLK Low to RTS Low 
(Note 9) 
ns 
(Note 2) 


44 
CTS Low to TCLK Low 
35 
ns 


45 
TCLK Low to RTS High 
(Note 9) 
ns 
(Note 2) 


46 
TCLK Low to CTS Invalid 
10 
ns 
(Notes 3, 12) 
CTS Hold Time 


47 
CTS High to TCLK Low; 
35 
ns 
(Note 3) 
CTS Setup Time to Stop 
Transmission 


IFS PARAMETERS 
48 
I--I-nt-e-rl-m-m-e-o-e-Ia-y---------- 
--------- 
(Note 4) 
ns 
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HIGH INTEGRATION 
MODE (Continued) 
I 
Symbol 
I 
Parameter 
I-'---M-I-n-- 
M_a_x 
U_n_lt_s_ 


COLLISION 
DETECT 
PARAMETERS 


Test Conditions 
I 


49 
COT Low to TCLK High 
35 
ns 
(Note 12) 
External Collision 
Oetect 
Setup Time 
, 


t50 
COT High to TCLK High 
35 
ns 
(Note 12) 


t51 
TCLK High to COT Inactive 
10 
ns 
(Note 12) 
COT Hold Time 


t52 
COT Low to Jamming 
Start 
(Note 5) 
ns 


t53 
Jamming 
Period 
(Note 6) 
ns 


RECEIVED 
DATA PARAMETERS 
(MANCHESTER, 
DIFFERENTIAL 
MANCHESTER) 


t54 
RxO Transition-Transition 
' 115 
ns 
(Note 14) 


t55 
RxO Rise Time 
10 
ns 


t56 
RxO Fall Time 
10 
ns 


RECEIVED 
DATA PARAMETERS 
(NRZI) 


t57 
RxO Transition-Transition 
240 
ns 
(Note 11) 


t58 
RxO Rise Time 
10 
ns 


t59 
RxO Fall Time 
- 
10 
ns 
EXTERNAL LOOPBACK PARAMETERS 


(Note 2) 


TCLK Low to LPBK High 
(Note 2) 


TCLK Low to LPBK Float 


NOTES: 
1. MOS Levels. 
2.1 TTL Load + 50 pF. 
3. Abnormal End of Transmission: "CTS expires before 
R'fS. 
4. Programmable value: t28 = NIFS X t29 (ns) 
NIFS:the IFS configuration value. 
If NIFSis less than 12 then it is enforced to 12. 


5. Programmable Values: 
t52 = NCOFX t29 + (12 to 15) x t29 (if collision occurs 
after preamble). 
NCOF:The Collision Detect Filter Configuration Value. 


6. t53 = 32 X t29 
7. Depends on frequency range: 
High Range: t24 - 
10 ns 
Low Range: t25 - 
10 ns 
8. t31 = t29 - t30 - t32 - t33 
9. 2 X t24 + 40 ns for 8X or 10X 
4 X t24 + 40 ns for 16X 


10. 6 X t24 + 40 ns for 8X 
12 x t24 + 40 ns for 16X 
7 x t24 + 40 nsfor 10X 
13 x t24 + 40 ns for 18X 
11. 8 x t24 - 
10 ns for 8X 
10 x t24 - 
10 ns for 10X 
16 x t24 - 
10 ns for 16X 
18 x t24 - 
10 ns for 18X 
12. To Guarantee recognition on the next clock. 
13.10 ns for High Range 
30 ns for Low Range 
14.4 x t24 - 
10 ns for 8X 
5 X t24 - 
10 ns for 10X 
8 x t24 - 
10 ns for 16X 
9 x t24 - 
10 ns for 18X 
15. t29 - 
10 ns 
16. See Figure "CRYSTAL CONNECTION." 
17. Maximum capacitance load on the X2 pin when an 
external MOS clock is connected to X1: 
15 pF for DC to 16 MHz 
5 pF for 16 MHz to 32 MHz 
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CRYSTAL CONNECTION 


290147-27 


NOTES: 
1. High-quality, 
parallel 
resonant, 
fundamental-mode 
crystals 
are recommended 
for maximum 
accuracy. 
2. C1, C2, and stray capacitance 
of the board 
should 
be adjusted 
so the total capacitance 
load on the crystal 
is approx. 


15 pF. 
3. For IEEE 802.3 applications, 
the crystal 
must be accurate 
to ± 35 PPM over a range of O·C to 70·C. 


TRANSMIT TIMINGS-CLOCKS 
RTS AND CTS 


CTS 
cw------------------------~-------------------------------- 


I 
I 
T.O 
-----'-- 
1ST BITCELL-----I. 


, Trc 


': =_-=~-_=~-_=_~ 
T4_5 ~~~~~~~~~~=±t:'" 
CW----------------------------------------- 


T.O iOHALF 
BITCELLJ 
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TRANSMIT TIMINGS-MANCHESTER 
DATA ENCODING 


CTS 
COT 


TxO 


----f 
r 


., 


-T35- 
136 
.. 


I-- 
T34-j 
--L -=1r= 
--=11== 
T37 
T38 


DATASITCELL 
DATABITCELL-l 
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TRANSMIT TIMINGS-LOST 
CTS 


TFC 
':~-T4-7-------T'~1_ 


C~----------------------~~----~--------- 
TxD::::::::::::)k:::::::::::::::::::::JI~---- 
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TRANSMIT TIMINGS-NRZI 
DATA ENCODING 


~ 
- 
~ 
~~. 


I-T40- 
T42-+1- 
T41--1- 


DATABITCELL 
DATABITCELL 
290147-31 


TRANSMIT TIMINGS-LOST 
CTS 


RTS ----------------------- 


CTS ----------------------- 
C~---------------------------------------- 
TxD""----------" 
,,r------------ 
290147-32 


RECEIVE DATA TIMINGS (MANCHESTER) 


TFC 


RxD~ 
?::"E===:±:= 
- 
r:::=T54==:Jr 
T55=lr=- 
290147-33 
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RECEIVE DATA TIMINGS (NRZI) 


TfC 


RxD =f:T5:9::::::::T5:7::~~~:_:_:--:.F8 
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TRANSMIT TIMINGS-INTERFRAME 
SPACING 


R~ 
:======~~~~~~~~~~::::::\::::::::::::i::: 
CTS 
..J 
cw------------~~---------------~--- 
TxO=::;S 
I 


fiRST 
DATA BIT 
fROM 
HERE TO 
THE RIGHT 
290147-35 


TRANSMIT TIMINGS-COLLlSION 
DETECT AND JAMMING 


TfC~~ 
TCLK 
V' 
S~----------------..J"~------- 
.~~~'~.~/====}- 
z.; 
T53 
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LOOPBACK OUTPUT SIGNAL TIMINGS 
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HIGH SPEED MODE 


Parameter 
Test Conditions 


tso 
RxC. TxC Cycle Time 
50 
ns 
(Notes 1. 3) 


ttl1 
TxC Rise Time 
5 
ns 
(Note 1) 


ttl2 
TxCFallTime 
5 
ns 
(Note 1) 


ttl3 
TxC High Time 
18 
ns 
(Notes 1. 3) 


ta4 
TxCLowTime 
19 
ns 
(Notes 1. 3) 


TRANSMIT 
DATA PARAMETERS 


ttl5 
TxD Rise Time 
10 
ns 
(Note 4) 


ttl6 
TxD Fall Time 
10 
ns 
(Note 4) 


ttl7 
TxC Low to TxD Valid 
30 
ns 
(Notes 4. 5) 


ttla 
TxC Low to TxD Transition 
30 
ns 
(Notes 2. 4) 


ttlg 
TxC High to TxD Transition 
30 
ns 
(Notes 2. 4) 


t70 
TxD Transition-Transition 
20 
ns 
(Notes 2. 4) 


t71 
TxC Low to TxD High 
30 
ns 
(Note 4) 
(At the Transmission 
End) 


RTS, CTS PARAMETERS 


t72 
TxC Low to RTS Low 
30 
ns 
(Note 4) 
Time to Activate 
RTS 


t73 
CTS Low to TxC Low 
20 
ns 
CTS Setup Time 


t74 
TxC Low to RTS High 
30 
ns 
(Note 4) 


t75 
TxC Low to CTS Invalid. 
10 
ns 
(Note 6) 
CTS Hold Time 


t75a 
CTS High to TxC Low. CTS 
20 
ns 
(Note 6) 
Setup Time to Stop 
Transmission 


INTERFRAME 
SPACING 
PARAMETER 


t76 
I 
Inter Frame Delay 
(Note 8) 
ns 
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HIGH SPEED MODE (Continued) 
I 
Symbol 
I 
Parameter 


CRS, COT PARAMETERS 


Mln 
Max 
Units 
Test Conditions 


t77 
COT Low to TxC High; 
20 
ns 
External Collision 
Detect 
Setup Time 


t78 
TxC High to COT Inactive; 
10 
ns 
(Note 12) 
COT Hold Time 


t79 
COT Low to Jam Start 
(Note 9) 
ns 


t8,0 
Jamming 
Period 
(Note 10) 
ns 


t81 
CRS Low to TxC High; 
25 
ns 
Carrier Sense Setup Time 


t82 
TxC High to CRS Inactive; 
10 
ns 
(Note 12) 
CRS Hold Time 


t83 
CRS High to Jamming 
Start 
(Note 11) 
ns 
(Internal Collision 
Detect) 


t84 
CRS High to RxC High; 
30 
ns 
CRS Inactive Setup Time 


t85 
RxC High to CAS High; 
10 
ns 
-- 
, 


CRS Inactive Hold Time 
, 


RECEIVE 
CLOCK PARAMETERS 


t86 
RxC Rise Time 
5 
ns 
(Note 1) 


t87 
RxC Fall Time 
5 
ns 
(Note 1) 


t88 
RxC High Time 
18 
ns 
(Note 1) 


t89 
RxC Low Time 
19 
ns 
(Note 1) 


RECEIVED 
DATA PARAMETERS 


t90 
RxO Setup Time 
15 
ns 
(Note 5) 


t91 
RxO Hold Time 
15 
ns 
(Note 5) 


t92 
RxO Rise Time 
10 
ns 


t93 
RxOFallTime 
10 
ns 


EXTERNAL LOOPBACK PARAMETERS 


(Note 4) 


TxC Low to LPBK High 
tijo 
(Note 4) 


TxC Low to LPBK High 
t60 


NOTES: 
1. MOS Levels. 
2. Manchester Only. 
3. Manchester. Needs 50% duty cycle. 
4. 1 TIL Load + 50 pF. 
5. NRZ only. 
6. Abnormal End of Transmission: CTS expires before 
RTS. 
7. Normal End of Transmission. 
8. Programmable value: 


t76 = NIFS X Iso 
NIFS:the IFS configuration value. 
If NIFSis less than 12 then NIFSis enforced to 12. 


9. Programmable Value: 
t79 = NCDFX tee + (12 to 15) x Iso (if collision occurs 
after preamble). 
NCDF:The collision detect filter configuration value. 


10. teo = 32 x teo 
11. Programmable Value: 


ta3 = NCDFX teo + (12 to 15) x teo 
12. To guarantee recognition on the next clock. 
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TRANSMIT 
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WAVEFORMS 
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__ 
~ 


..;;;:;i 
I--.T7.7 
COT 
~ 
••••• 
_ 


CRS 
~ 
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RECEIVE 
DATA 
WAVEFORMS 
(NRZ) 
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DATA 
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LOOPBACK 
OUTPUT 
SIGNAL 
TIMINGS 


LPBK ---+---'1 
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82C501AD 
ETHERNET SERIAL INTERFACE 


• 
CHMOS Replacement for Inte182C501, 
82501, or SEEQ 8023A 


• 
Conforms to IEEE 802.3 10BASE5 
(Ethernet) and 10BASE2 (Cheapernet) 
Specifications 
. 


• 
Direct Interface to Intel LAN 
Controllers 
and the Attachment 
Unit 
Interface (Transceiver) Cable 


• 
10-Mb/s Operation 


• 
Manchester Encoding/Decoding 
and 
Receive Clock Recovery 


• 
10-MHz Transmit Clock Generator 


• 
Drives/Receives 
802.3 AUI Cables 


• 
Defeatable Watchdog Timer Circuit to 
Prevent Continuous Transmission 


• 
Diagnostic Loopback for Network Node 
Fault Detection and Isolation 


The 82C501 AD Ethernet 
Serial 
Interface 
(ESI) chip is designed 
to work 
directly 
with Intel LAN Controllers 


(82586,82590, 
and 82596) 
in IEEE 802.3 (10BASE5 
and 10BASE2), 
10-Mb/s, 
Local Area Network 
applica- 


tions. 
The 
major functions 
of the 82C501AD 
are to generate 
the 
10-MHz 
transmit 
clock 
for the 
Intel LAN 
Controller, 
perform 
Manchester 
encoding/decoding 
of the transmitted/received 
frames, 
and provide the elec- 


trical interface 
to the Ethernet 
transceiver 
cable (AUI). Diagnostic 
loopback 
control 
enables 
the 82C501AD 
to 
route the signal to be transmitted 
from the Intel LAN Controller 
through 
its Manchester 
encoding 
and decoding 


circuitry 
and back to the Intel LAN Controller. 
The combined 
loopback 
capabilities 
of the Intel LAN Controller 


and 82C501 AD result in highly effective 
fault detection 
arid isolation 
through 
sequential 
testing 
of the commu- 


nications 
interface. 
A (defeatable) 
on-chip 
watchdog 
timer circuit 
prevents 
the station 
from 
locking 
up in a 


continuous 
transmit 
mode. The 82C501AD 
is pin compatible 
with the 82C501 and functionally 
compatible 
with 


the 82501 and SEEQ 8023A. 
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Functional 
Block 
Diagram 
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Figure 
2. Pin Configurations 
(PLCC and DIP) 
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Table 1. Pin Description 


DIP 
PLCC 
Symbol 
Pin 
Pin 
Type 
Name and Function 
No. 
No. 


ENETV1 
1 
2 
I 
ETHERNET 
VERSION 
1.0: An active low, MOS-Ievel 
input intended 
for use as a strapping 
option. When ENETV1 is asserted, 
the TRMT I 


l, 
.' 
TRMT pair remains at high differential 
voltage at the end of 


,I 
transmission. 
This operation 
is compatible 
with the Ethernet 
Version 
1.0 specification. 
If the ENETV1 pin is left floating, 
an internal 
pull-up 
I 
D 
• 
resistor biases the input inactive high. When ENETV1 is high, the 
TRMT ITRMT 
differential 
voltage gradually 
approaches 
OV at the end 
of transmission. 


NOOR 
2 
3 
I 
CRS 'OR': An active low, MOS-Ievel 
input intended 
for use as a 
strapping 
option. When NOOR is low, only the presence 
of a valid 


, 
signal on the RCV IRCV pair will force CRS active. If the NOOR pin is 


.' 
f 
, 
floating, 
an internal 
pull-up resistor biases the input inactive 
high . 


When NOOR is inactive h~ 
either the presence 
of a valid signal on 
CLSN/CLSN 
or on RCV IRCV will force CRS active. 


LPBKI 
3 
5 
I 
LOOPBACK/WATCHDOG 
TIMER DISABLE: An active low, TIL- 


wore 
level control 
signal that enables the loopback 
mode. In loopback 
mode serial data on the TXD input is routed through the 82C501 AD 


• 


internal circuits and back to the RXD output without 
driving the 
TRMT ITRMT 
output pair to the transceiver 
cable. During loop back 
COT is asserted 
at the end of each transmission 
to simulate the SQE 
test. The LPBK signal should be driven high once vcc is stabilized. 
WATCHDOG 
TIMER 
DISABLE: An input voltage 
of 10 to 16 V 
through a 1 ko. resistor will disable the on-chip watchdog 
timer. 


RCV 
4 
6 
I 
RECEIVE 
PAIR: A differentially 
driven input pair which is tied to the 
RCV 
5 _ 
7 
I 
receive pair of the Ethernet transceiver 
cable. The first transition 
on 
RCV is negative-going 
to indicate the beginning 
of a frame. The last 
transition 
is positive-going 
to indicate the end of the frame. The 
received 
bit stream is assumed 
to be Manchester 
encoded. 


CRS 
6 
8 
0 
CARRIER 
SENSE: An active low, MOS-Ievel 
output which notifies the 
Intel LAN Controller 
that there is activity on the coaxial cable. The 


I' 


signal is asserted 
when a valid signal on RCV IRCV is present. 
If the 
NOOR input is inactive high, then CRS is also asserted 
when a valid 
signal on CLSN/CLSN 
is present. 
It is deasserted 
at the end of a 
frame or when the end of the collision-presence 
signal is detected, 


synchronous 
to RXC. After transmission, 
when NOOR = 1, CRS is 
inhibited for a period of 5 us minimum to 7 ,...smaximum, 
regardless 
of any activity on the collision-presence 
signal (CLSN/CLSN) 
and 
RCV/RCV 
inputs. When NOOR = 0, CRS is not inhibited. 


COT 
7 
10 
0 
COLLISION 
DETECT: An active-Iow, 
MOS-Ievel 
signal which drives 
the COT input of the Intel LAN Controller. 
It is asserted 
as long as 
there is activity on the collision 
pair (CLSN/CLSN), 
and during SQE 
(heartbeat) 
test in loopback. 


RXC 
8 
11 
0 
RECEIVE 
CLOCK: A 1O-MHz MOS level clock output with 5-ns rise 
and fall times. This output is connected 
to the Intel LAN Controller 
receive clock input RXC. There is a maximum 
1.4-,...s delay at the 


I 
beginning 
of a frame reception 
before the clock recovery 
circuit gains 
lock. During idle (no incoming 
frames) RXC is forced 
low. 


RXD 
9 
13 
0 
RECEIVE 
DATA: A MOS-Ievel output tied directly to the RXD input of 
the Intel LAN Controller 
and sampled 
by the Intel LAN Controller 
at 


~, 
the negative edge of RXe. The bit stream received 
from the 
transceiver 
cable is Manchester 
decoded 
prior to being transferred 
to 
the controller. 
This output remains high during idle. 
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Table 
1. Pin Description 
(Continued) 


DIP 
PLCC 
Symbol 
Pin 
Pin 
Type 
Name and Function 
No. 
No. 


GND 
10 
14 
GROUND 
15 


CLSN 
12 
17 
I 
COLLISION 
PAIR: A differentially 
driven input pair tied to the coillsion- 
CLSN 
11 
16 
I 
presence 
pair of the Ethernet 
transceiver 
cable. The collision-presence 
signal is a 1O-MHz square wave. The first transition 
at CLSN is negative- 


going to indicate the beginning 
of the signal; the last transition 
is positive- 
going. 


X1 
14 
19 
I 
CLOCK 
CRYSTAL: 
20-MHz crystal inputs. When X2 is floated, X1 can be 


X2 
13 
18 
I 
driven by an external 
MOS level input clock. 


TEN 
15 
20 
I 
TRANSMIT 
ENABLE: 
An active low, TTL level signal synchronous 
to TXC 
that enables data transmission 
to the transceiver 
cable and starts the 
watchdog 
timer. TEN can be driven by the RTS signal from the Intel LAN 
Controller. 


TXC 
16 
22 
0 
TRANSMIT 
CLOCK: 
A 1O-MHz MOS level clock output with 5-ns rise and fall 
times. This clock is connected 
directly to the TXC input of the lntel LAN 
Controller. 


TXD 
17 
24 
I 
TRANSMIT 
DATA: A TTL-Ievel 
input signal that is directly connected 
to the 
serial data output, TXD, of the Intel LAN Controller. 


TRMT 
19 
28 
0 
TRANSMIT 
PAIR: A differential 
output driver pair that drives the transmit 
pair 
TRMT 
18 
27 
0 
of the transceiver 
cable. The output bit stream is Manchester 
encoded. 


Following 
the last transmission, 
which is always positive at TRMT, the 
differential 
voltage 
is slowly reduced to zero volts in a series of steps. If 
ENETV1 is asserted 
this voltage 
stepping 
is disabled. 


Vcc 
20 
1 
POWER: 5V ± 10%. 
.. 
J 
. 


L 
l 


FUNCTIONAL DESCRIPTION 
2. Crystek 
Corporation 
100 Crystal Drive 
Ft Myers, FL 33907 
Clock Generation 


A 20 MHz parallel resonant 
crystal is used to control 
the clock 
generation 
oscillator, 
which 
provides 
the 
basic 
20 MHz 
clock 
source. 
An internal 
divide-by- 
two counter 
generates 
the 10 MHz 
± 0.01 % clock 
required 
by the IEEE 802.3 specification. 


It is recommended 
that a crystal 
meeting the follow- 


ing specifications 
be used: 


• 
Quartz Crystal 
• 
20.00 MHz ± 0.002% 
at 25°C 


• 
Accuracy 
±0.005% 
Over Full Operating 
Temper- 
ature, 0 to 70°C 


• 
Parallel 
Resonant 
with 20-pF 
Load Fundamental 
Mode 
. 


The accuracy 
of the Crystal Oscillator 
frequency 
de- 


pends on the PC board characteristics, 
therefore 
it is 
advised 
to keep the X1 and X2 traces 
as short 
as 
possible. 
The optimum 
value of C1 and C2 should 
be determined 
experimentally 
under nominal 
operat- 
ing conditions. 
The 
typical 
value 
of C1 and 
C2 is 
between 
22 and 35 pF. 


An external, 
20 MHz, MOS-Ievel 
clock 
may be ap- 
plied to pin X1 while pin X2 is left floating. 


TRANSMIT SECTION 


Manchester Encoder and Transceiver 
Cable Driver 
Several vendors 
have these crystals available; 
either 
off the shelf or custom 
made. Two possible 
vendors 
are: 
The 
20-MHz 
clock 
is used 
to Manchester 
encode 
data on the TXD input line. The clock is also divided 
by two to produce 
the 1O-MHz clock required 
by the 
1. M-Tron 
Industries, 
Ine 
Yankton, 
SD 57078 
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Figure 3. Start of Transmission 
and Manchester 
Encoding 


Intel LAN Controller for synchronizing its RTS and 
TXD signals. See Figure 3. (Note that the Intel LAN 
Controller F\TS is tied to the 82C501AD TEN input 
as shown in Figure 4.) 


Data encoding and transmission begins with TEN 
going low. Since the first bit is a '1', the first tran- 
sition on the transmit output TRMT is always nega- 
tive. Transmission ends with the TEN going high. 
The last transition is always positive at TRMT and 
can occur at the center of the bit cell (last bit = 1) or 
at the boundary of the bit cell (last bit = 0). A 1.5-bit 
delay is introduced b~82C501AD 
between its 
TXD input and TRMT/TRMT output as shown in Fig- 
ure 3. If the signal applied to the ENETV1 input is 
inactive high, the TRMT differential output is kept at 
high differential for 200 ns, after the last transmit 
data transition, then it is gradually reduced. The 
TRMT/TRMT differential voltage will become less 
than 40 mV within tl8 after the last positive tran- 
sition. The undershoot for return to idle is less than 
100 mV differentially. This mode of operation is com- 
patible with the IEEE 802.3 transceiver specifica- 
tions. 


If an active signal is present at the ENETV1 input at 
the end of transmission, the TRMT/TRMT pair out- 
put will remain at a high differential voltage. As a 
result there is a positive differential voltage during 
the entire transmit idle time. This mode of operation 
is compatible with the Ethernet Version 1.0 specifi- 
cation. 


Immediately after the end of a transmission all sig- 
nals on the receive pair are inhibited for 5 fLs mini- 
mum to 7 fLs maximum (when NOOR = 
1). This 
dead time is required for proper operation of the 
SQE (heartbeat) test. 


An internal watchdog timer is started when TEN is 
asserted low at the beginning of the frame. The du- 
ration of the watchdog timer is 25 ms ± 15%. If the 
transmission terminates (by deasserting the TEN) 
before the timer expires, the timer is reset (and 
ready for the next transmission). If the timer expires 
before the transmission ends, the frame is aborted. 
The frame is aborted by disabling the output driver 
for the TRMT/TRMT pair. RXD and RXC are not 
affected. The watchdog timer is reset only when the 
TEN is deasserted. 


1-248 


82C501AD 
ETHERNET 


The cable driver is a differential circuit requiring ex- 
ternal pulldown resistors of 2400 ±5%. In addition, 
high-voltage protection to + 10V maximum, and 
short circuit protection to ground is provided. 


To provide additional high voltage protection if the 
cable is shorted, an isolation transformer can be 
used to isolate the TRMT and TRMT outputs from 
the transceiver cable. Transmit circuit inductance 
(including the IEEE 802.3 transceiver transformers) 
should be a minimum of 27 ,...H. We recommend that 
the transformer at the 82C501AD end have a mini- 
mum inductance of 75 ,...H. 


RECEIVE 
SECTION 


Cable Interface 


The 82C501AD input circuits can be driven directly 
from the Ethernet transceiver cable receive pair. In 
this case the cable is terminated with a resistor of 
780 ± 6% for proper impedance matching. See Fig- 
ure 4. 


The signal received on the RCVIRCV pair from the 
transceiver defines both the RXe and RXD outputs 
to the Intel LAN Controller. The RXC and RXD sig- 
nals are recovered from the encoded RCV/RCV pair 
signal by the Manchester decode circuitry. 
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T 
CRS 
CRS 
r 
RXO 
RXO 
a 
n 
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COT 
RCV 
n 
t 
• 
e 
INTEL 
c 
r 
LAN 
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f 
CONTROLLER 
82C501AO 
I 
ESI 
a 
v 
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e 
e 
r 


LOOP BACK -----..,..... 
INPUT FROM PROCESSOR 


Cl~ 


78D. 


COLLISION 
PAIR 


231926-4 


NOTE: 
Cl = C2 = 22 pF to 35 pF. 
For best operation, 
a decoupling 
capacitor 
should 
be used between vcc and GND. 


Figure 4. LAN Controller/82C501AD/Transcelver 
Interface 
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The input circuits can also be driven with ECl volt- 
age levels. In either case, the input common mode 
voltage must be in the range of O-VCCvolts to allow 
for wide driver supply variation at the transceiver. To 
provide additional high voltage protection, if the ca- 
ble is shorted, an isolation transformer can be used 
to isolate the RCV and RCV inputs from the cable. 


Manchester 
Decoder and Clock 
Recovery 


The Manchester-encoded data stream is decoded to 
separate the Receive Clock (RXC) and the Receive 
Data (RXD) from the stream. The 82C501AD uses 
an advanced digital technique to perform the decod- 
ing function. The use of digital circuitry instead of 
analog circuitry (e.g., a phase-lock loop) to perform 
the decoding ensures that the decoding function is 
less sensitive to variations in operating conditions. 


A simplified diagram of the decoder appears in Fig- 
ure 5. A high-resolution phase reference is used to 
digitize the phase of the incoming data bit-center 
transition. The digitizer has a phase resolution of 
1/32 bit time. 


The digitized phase is filtered by a digital low-pass 
filter to remove rapid phase variations; I.e., phase 


jitter. Slow phase variations, such as those caused 
by small differences between the data frequency 
and the clock frequency, are passed unfiltered by 
the low-pass filter. 


The RXC generator digitally sets the phases of the 
two RXC transitions to respectively lead and lag the 
bit-center transition by 114 bit time. RXC is used to 
recover RXD by sampling the incoming data with an 
edge-triggered flip-flop. 


The Frame_Detect signal informs the decoder that 
the first valid negative transition of a new frame has 
been detected. This signal is used to initiate the 
lock-on sequence of the decoder. lock is achieved 
by reducing the time constant of the digital filter to 
zero at the start of a new frame. With a time con- 
stant of zero, the filter immediately outputs the 
phase of the second bit-center transition. Any uncer- 
tainty in the bit-center phase of the first transition 
that is caused by jitter is subsequently removed by 
gradually increasing the filter time constant during 
the following preamble. By that time, the exact 
phase of the bit center is output by the filter, and the 
lock is achieved. lock is achieved within the first 14 
bit times as seen by the RCVIRCV inputs. The maxi- 
mum bit-cell timing distortion (jitter) tolerated by the 
Manchester Decoder Circuitry is ± 12 ns for the pre- 
amble and ± 18 ns for the data. 


10 tolHz 
HIGH RESOLUTION 
D~C;:;;:LO::.:C~K_-..,.. 
PHASE 
1----------. 
REFERENCE 


tolANCHESTER 
ENCODED 
,... •••••L-...., 


DATA 


o 
RXD 


FRAtolED~ 
~~ 
~ 


DETECT 
231926-11 


Figure 5. Manchester 
Decoder 
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COLLISION-PRESENCE 
SECTION 


The CLSN/CLSN input signal is a 10 MHz + 25%1 
-15% 
square-wave generated by the transceiver 
whenever two or more data frames are superim- 
posed on the coaxial cable. The pulse width of the 
CLSN/CLSN signal can be no less than 35 ns and 
no greater than 70 ns measured at the O-Vcrossing. 


The common-mode voltage and external termination 
are identical to the RCVIRCV input. (See Figure 4.) 


A valid collision presence signal will assert the 
82C501AD CDT output, which can be directly tied to 
the CDT input of the Intel LAN Controller. During 
normal operation the 82C501AD'logically "ORs" the 
collision presence signal with an internal signal, indi- 
cating valid data reception on the RCVIRCV pair, to 
generate CRS output. If, however, the NOOR input 
is asserted low, this "OR" function is removed and 
CRS is only asserted by the presence of valid data 
on the RCVIRCV pair. This mode of operation is 
required for repeater design, 


During the time that valid collision-presence tran- 
sitions are present on the CLSN/CLSN input, invalid 
data transitions may be present on the receive data 
pair due to the superposition of signals from two or 
more stations transmitting simultaneously. It is pos- 
sible for RCV/RCV to lose transitions for a few bit 
times due to perfect cancellation of the signals; this 
may cause the 82C501AD to abort the reception. 


The CRS signal is asserted low (along with CDT) 
whenever a valid collision-presence signal is present 
and NOOR = 1. If this collision-presence signal ar- 
rives within 5 !Josto 7 !Josafter the last transmission, 
only CDT is generated. This ensures that the LAN 
Controller recognizes the active CDT as a valid SQE 
(heartbeat) test signal. 


NOISE FILTERING 
ON RCV AND 
CLSN PAIRS 


Both the receive and collision pairs have the follow- 
ing characteristics, 
• At idle, the noise filter is turned on. 
• A pulse is rejected if: 


a. Its peak voltage is more positive than -150 
mV, 
with no restriction on width, or: 


b. Its peak voltage is more positive than - 600 mV 
and its width is less than 5 ns (measured at a refer- 
ence level of - 285 mV). 
• The filter is turned off by the first valid negative 
pulse on the RCV or CLSN pair. A pulse whose 
peak voltage is more negative than - 300 mV 
and whose width is greater than 30 ns (measured 
at - 285 mV) is considered valid. 


• The filter is turned on again when no positive 
transition is observed on the RCV or CLSN pair 
for 160 ns. 


Internal Loopback 


When asserted, LPBK causes the 82C501AD to 
route serial data from its TXD input through its trans- 
mit logic (retiming and Manchester encoding); re- 
turning it through the receive logic (Manchester de- 
coding and receive clock generation) to RXD output. 
The internal routing prevents the data from passing 
t.hroughthe output drivers and onto the transmit out- 
put pair TRMTITRMT. When in loopback mode all of 
the transmit and receive circuits, are tested except 
for the transceiver cable output driver and input re- 
ceivers. Also, at the end of each frame transmitted 
in loopback mode the 82C501AD generates the 
SQE test (heartbeat) signal within 1 !Josafter the end 
of the frame. Thus, the collision circuits are also 
tested in loopback mode. During loopback, as in any 
normal reception, the 82C501AD receive circuitry 
uses 14 bit times while the Manchester Decoder 
locks on the data. As a result, the first 14 bits are 
lost and RXC is held low during that time. 


The watchdog timer remains enabled in loopback 
mode, terminating test frames that exceed its time- 
out period. The watchdog timer can be inhibited by 
connecting LPBK to a 1 kn resistor connected to 10 
to 16V.The loopback feature can still be used to test 
the integrity of the 82C501AD by using the circuit 
shown in Figure 6. 


+10V to +16V 


WOTO 


82C501AO 
t--.--I 
LPBK/WOTO 


LPBK 


231926-6 


• ~ 
Open 
Collector 


LPBK 
WDTD 
Function 


1 
X 
LPBK mode 


0 
0 
Normal mode 


0 
1 
Normal mode with 
watchdog timer disabled 


Figure 6. Watchdog 
Timer Disable 


The 82C501AD operates as a full-duplex device, be- 
ing able to transmit and receive simultaneously. By 
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combining the internal and external loopback modes 
of the Intel LAN Controller, and the internal loop- 
back and normal modes of the 82C501AD, incre- 
mental 
testing 
of 
an 
Intel 
LAN 
Controller/ 
82C501AD-based interface can be performed under 
program control for systematic fault detection and 
fault isolation. 


Interface 
Example 


The 82C501AD is designed to work directly with the 
Intel LAN Controller in IEEE 802.310 Mb/s, as well 
as other 10 Mb/s LAN applications. The control and 
data signals connect directly between the two devic- 
es without the need for additional external logic. The 
complete Intel LAN Controller/82C501 AD Ethernet 
Transceiver interface is shown in Figure 4. The 
82C501AD provides the driver and receivers needed 
to directly connect to the transceiver cable or requir- 
ing only terminating resistors on each input signal 
pair and 240n pull-down resistors. 


It is recommended that a decoupling capacitor be 
used between vcc and GND. 


The Transmit, Receive, and Collision pairs have a 
maximum 10V overvoltage protection. 


If additional high voltage protection is desired, a 
pulse transformer should be included for Ethernet 
applications. IEEE 802.3 10BASE5 (Ethernet) speci- 
fications require at least 16V protection for the 
Transmit, Receive, and Collision pairs. In 10BASE2 
(Cheapernet) a pulse transformer is required to be 
inserted between the DTE (Intel LAN Controller/ 
82C501AD) and the transceiver. In an Ethernet! 
Cheapernet design, a single transformer can be 
used for both connections at minimal additional cost. 


The pulse transformer should have the following 
characteristics: 
1. A minimum inductance of 75 j-LH. 
2. 2000V isolation between primary and secondary 
windings. 
3. 2000V isolation between primaries of separate 
transformers. 


Since Ethernet Version 1.0 transceivers can require 
a positive differential on the TRMT pair during idle, 
check with the transceiver vendor before including 
the pulse transformer. 
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ABSOLUTE 
MAXIMUM 
RATING* 


Case Temperature 
Under Bias 
O·C 'to + 85·C 


Storage Temperature 
- 65·C to + 140·C 


All Output and Supply Voltages 
: - 0.5V to + 7V 


All Input Voltages 
-1.0V 
to + 6.0V(1) 


Operating 
Power Dissipation 
0.75W 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


O;C. CHARACTERISTICS 
Tc = o-c e + 85·C, vcc = 5V ±10% 


Symbol 
Parameter 
Min 
Max 


Vll 
Input Low Voltage 
TIL 
-0.5V 
0.8V 
MOS 
-0.5V 
0.6V 


VIH 
Input High Voltage 
TIL 
2.0V 
vcc + 0.5V 
MOS 
3.9V 
vcc + 0.5V 


VACCEPT 
Differential 
Input Accept Voltage 
±285mV 


VREJECT 
Differential 
Input Reject Voltage 
±150 
mV 


VCM 
Input Common 
Mode Voltage 
- 
OV 
VCC 


VOCM 
Common 
Mode Output Voltage(2) 
0.5V 
5.0V 


VOl 
Output Low Voltage 
@ IOl = 4 mA 
0.45V 


VOH 
Output High Voltage 
(MOS) 
@ IOH = - 500 p,A 
3.9V 


VOOF 
Differential 
Output Voltage(2) 
±0.45V 
±1.2V 


Vu 
TRMT Pair Differential 
Return to 
- 


Zero Undershoot(2) 
-100 
mV 


VOI 
TRMT Pair Differential 
Idle Voltage(2) 
- 
±40mV(5) 


lu 
Input Leakage Current 
@ VIN = OV to VCC<3) 
± 10 p,A 


ICC 
Power Supply Current 
@ TC = 85·C(4) 
135 mA 


Isp 
Short Protection 
Activation 
Current 
60mA 
150mA 


Il 
Input Load Current(6) 
.. 


±1 mA 


CIN· 
Input Capacitance 
@ fc = 1 MHz(7) 
10pF 


NOTES: 
1. The voltage levels for ClSN/CLSN. RCv/RCV inputs are -0.75V to + 10V. 
2. The testing load is a 7a11 ± 1% resistor in parallel with a 27 fLH ± 1% inductor and two 24011 ± 5% pulldown resistors. 
3. Applies to TXO and fElii pins. 
4. Part of the power is dissipated through the ~ulldown resistors connected to the TRMT/iRM'f outputs. 
5. Measured after t~as 
expired. 
6. Applies to RCV/RCV. Xl. ClSN/~. 
lPBK/WOTO. NOOO. and ENETVf inputs for input voltages from OVto vcc. 


7. Characterized. not tested. 
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A.C. MEASUREMENT 
CONDITIONS 
Clock Timing(1) 


1. TC = O°C to + 85°C, VCC = 5V ±10%. 


2. The AC MOS, TTL and differential 
signals are re- 
ferred to in Figures 7,8,9, 
10 and 10A. 


3. AC Loads: 


a) MOS: a 20 pF total capacitance 
to ground. 


b) Differential: 
a 10 pF total 
capacitance 
from 
each terminal 
to ground, two 2400 
± 5% pull 
down 
resistors, 
and 
a load 
resistor 
of 780 
± 1% in parallel 
with a 27 J.tH ± 1% inductor 
between 
terminals. 


4. All AC Parameters 
become 
valid 100 J.tsafter the 
supply voltage 
has stabilized. 


TRANSMIT 
TIMING(1) 


Symbol 
Parameter 
Mln 
Max 
Unit 


t1 
X1 Cycle Time 
49.995 
50.005 
ns 


t2 
X1 Fall Time(2) 
5 
ns 


t3 
X1 Rise Time(2) 
5 
ns 
4 
X1 Low Time(2) 
15 
ns 


ts 
X1 High Time(2) 
15 
ns 


NOTES: 
1. Refer to Figure 9. 
2. Applies to external clock inputs. 


Symbol 
Parameter 
- " 
Min 
Max 
Unit 


la 
TXC Cycle Time(2) 


I 
•. 


99.99 
100.01 
ns 


TXC Rise/Fall 
Time 
'. 
- 
5 
t7 
ns 


ta 
TXD Rise/Fall 
Time 
10 
ns 


tg 
TXCLowTime 


j 
, 
.r 
40 
ns 


t10 
TXC High Time 
- 
~ 
40 
ns 


t11 
Transmit 
Enable/Disable 
to TXC Low 


r 
, 


45 
~ 
ns 


. t12 
TXD Stable to TXC Low 
45 
ns 


t13 
Bit Cell Center to Bit Cell Center of Transmit 
Pair Data(3) 
99.5 
100.5 
ns 


t14 
TEN Rise/Fall 
Time 
10 
ns 


t1S 
Transmit 
Differential 
Signal Rise/Fall 
Time 
5.0 
ns 


t16 
Bit Cell Center to Bit Cell Boundary 
of Transmit 
Pair Data(3) 
49.5 
50.5 
ns 


t17 
TRMT held low from Last Positive Transition 
of the 
200 
Transmit 
Pair at the End of Frame 
ns 


t18 
From Last Positive Transition 
of Transmit 
Pair Differential 
8000 
Output Approaches 
Within 40 mV of zero volts. 
ns 


; 


NOTES: 
1. Refer to Figure 11. 
2. This parameter is exactly twice t1. 
3. Characterized, not tested. 
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RECEIVE 
TIMING(1) 


Symbol 
Parameter 
Mln 
Max 
Unit 


t19 
Duration which the RXC is held at Low State at the Start of a Packet 
1400 
ns 


t20 
Receive 
Pair Signal Rise/Fall 
Time(5) 
10 
ns 


t21 
Receive 
Pair Bit Cell Center Jitter in Preamble(2) 
, 
r 
±12 
ns 


t22 
Receive 
Pair Bit Cell Center Jitter in Data(2) 
±18 
ns 


t23 
Receive 
Idle Time after Transmission 
in a Transmitting 
Station 
j, 
8 
IJ.s 


t24 
Receive 
Pair Signal Return to Zero Level from Last Valid 
160 
ns 
Positive Transition 


t25 
CRS Assertion 
Delay from the First Received 
Valid Negative Transition 
100 
ns 
of Receive 
Pair Signal 


t26 
CRS Deassertion 
Delay from the Last Valid Positive Transition 
Received 
• 
300 
ns 
(when no Collision-Presence 
Signal Exists on the Transceiver 
Cable)(3) 


t27 
RXC Cycle Time 
96 
104 
ns 


t28 
RXC Rise/Fall 
Time 
5.0 
ns 


t29 
RXC Low Time 
- 
40 
ns 


t30 
RXC High Time 
'f 
'0, 
36 
ns 


t31 
Receive 
Data Stable Before the Negative 
Edge of RXC 
- 
0 
,_ 
30 
ns 


t32 
Receive 
Data Held Valid Past the Negative 
Edge of RXC 
., I,· 
30 
ns 


t33 
Carrier Sense Active -+ Inactive Hold Time from RXe High 
10 
40 
ns 


t34 
Receive 
Data Rise/Fall 
Time(5) 
10 
ns 


t35 
CRS Inhibit Time After Frame Transmission(4) 
5 
7 
IJ.s 


NOTES: 
1. Refer to Figures 12 and 13. 
2. Measured per 802.3 Para B1.1.4.2 recommendations. 
3. CAS is deasserted synchronously with the FIXC. This condition is not specified in the IEEE 802.3 specification. 
4. Required for SQE test. Applies when 000i"! 
= 1. For 000i"! 
= 0 there is no inhibit of CAS. 
5. Characterized, not tested. 
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COLLISION 
TIMING(1) 


Symbol 
Parameter 
Mln 
Max 
Unit 


t36 
CLSN/CLSN 
Cycle Time 
80 
118 
ns 


t37 
CLSN/CLSN 
Rise/Fall 
Time(2) 
- 
10 
ns 


t38 
CLSN/CLSN 
High/Low 
Time 
-- 
35 
70 
ns 


t39 
CLSN Pair Return to Zero from Last Positive Transition 
160 
ns 


t40 
COT Assertion 
from the First Valid Negative 
Edge of Collision 
Pair Signal 
75 
ns 


t41 
COT Oeassertion 
from the Last Positive Edge of CLSN/CLSN 
Signal 
300 
ns 


~2 
CAS Oeassertion 
from the Last Positive Edge of CLSN/CLSN 
Signal (if no 
450 
ns 
Post-Collision 
Signal Remains on the Receive 
Pair) 


NOTE: 
1. Refer to Figure 14.• 
2. Characterized, 
not tested, 


LOOPBACK 
TIMING(1) 


Symbol 
Parameter 
Mln 
Max 
Unit 


~3 
LPBK asserted 
before the first attempted 
transmission 
(2) 
500 
ns 


~4 
Simulated 
collision 
test delay from the end of each attempted 
transmission 
0_5 
1-5 
JA-s 


t45 
Simulated 
collision 
test duration(3) 
0_6 
1.6 
JA-s 


~6 
LPBK deasserted 
after the last attempted 
transmission 
5 
JA-s 


- 


NOTES: 
1_Refer to Figure 15. 
2. In Loopback 
mode, AXe and CAS function 
in the same manner 
as a normal 
Receive. 
3. SCE test (heartbeat) 
signal 


NOISE FIL TER(1) 


Symbol 
Parameter 
Mln 
Max 
Unit 


~7 
RCV/ReV 
Noise Filter Pulse Width Rejected 
5 
ns 


~8 
RCV/RCV 
Noise Filter Pulse Width Accepted 
30 
ns 


~9 
CLSN/CLSN 
Noise Filter Pulse Width Rejected 
5 
ns 


t50 
CLSN/CLSN 
Noise Filter Pulse Width Accepted 
25 
ns 


NOTE: 
1_Refer to Figure 16. 
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A.C. TIMING 
CHARACTERISTICS 


2.4V 
r--- 
2.0V· - - - - -X- 
l .5V . - - - - -! 
, 
, 
, 


O.8V· - - - - - 
! 
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' ' ,""--- 
, ' , 
DELAY/WIDTH 
IolEASUREIolENT-,- 
, 


RISE/fALL 
IolEASUREIolENT- 
- 
231926-12 


Figure 7. TTL Input Voltage Levels for Timing 
Measurements (TEN, TXD, LPBK/WDTD). 
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Figure 9. X1 Input Voltage Levels 
for Timing Measurements 
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Figure 8. Voltage Levels for MOS Level 
Output-Timing Measurements 
(TXC, RXC, CRS, COT, and RXD). 
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Figure 10. Voltage Levels for 
Differential-Input 
Timing Measurements 
(RCVIRCV and CLSN/CLSN). 
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Figure 10A. Voltage Levels for TRMTITRMT 
Output-Timing Measurements 
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TRANSMIT 
TIMING 
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Figure 11 


RECEIVE 
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Figure 12 
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RECEIVE 
TIMING: 
END OF FRAME 
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Figure 13 


COLLISION 
TIMING 
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Figure 15 


NOISE FILTER TIMING 
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Figure 16, Noise Filter Characteristics 
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Family: 
CerDIP 
Dual-In-Llne 
Package 


Symbol 
Mllllmeters 
Inches 


Min 
Max 
Notes 
Mln 
Max 
Notes 


a 
O· 
10· 
O· 
10· 


A 
5.08 
0.200 


A1 
0.38 
- 
0.015 


A2 
3.56 
4.24 
0.140 
0.167 


A3 
3.56 
4.24 
0.140 
0.167 
1 


B 
0.41 
0.51 
0.016 
0.020 


B1 
1.52 
Typical 
0.060 
Typical 


C 
0.23 
0.30 
Typical 
0.009 
0.012 
Typical 


D 
24.38 
25.27 
Reference 
0.960 
0.995 


D2 
22.86 
Reference 
0.900 
Reference 


E 
7.62 
8.13 
0.300 
0.320 


E1 
7.11 
7.90 
0.280 
0.31 


e1 
2.29 
2.79 
0.090 
0.110 


eA 
7.87 
Reference 
0.310 
Reference 


eB 
8.13 
10.16 
0.320 
0.400 


L 
3.18 
3.81 
0.125 
0.150 


N 
20 
% Leads 
20 
% Leads 


S 
0.38 
1.78 
0.015 
0.070 


S1 
0.13 
0.005 


ISSUE 
IWS 1/15/87 
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PLASTIC 
LEADED CHIP CARRIER 
RECTANGULAR 


• 
E1 
E 


MM(INCH) 
-A_ 
I 


SEATING 
PLANE 
~ 


231926-21 


•. 
1- 


Dimension 
28 L.ead (Inch) 
28 Lead (mm) 


- 
Mln 
Max 
Mln 
Max 


Overall Height (A) 
0.126 
0.140 
3.20 
3.56 


Shoulder 
to Board Height (A1) 
0.076 
0.090 
1.93 
2.29 


Outside 
Dimension 
(D) 
0.385 
0.396 
9.78 
10.0 


.Plastic 
Body Dimension 
(01) 
0.347 
0.353 
8.81 
8.97 


Foot Print (02) 
0.290 
0.330 
7.37 
8.38 


Foot Print (03) 
~ 
0.200 Ref. 
5.08 Ref. 


Outside 
Dimension 
(E) 
0.585 
0.595 
14.9 
15.1 


Platic Body Dimension 
(Ej) 
0.547 
0.553 
13.9 
14.0 


Foot Print (E2l 
0.490 
0.530 
12.4 
13.5 


Foot Print (E3) 
- 
0.400 Ref. 
10.2 Ref. 


11 of Leads (N) 
28 
28 


11 of Leads on Short Side (Nd) 
5 


i 
5 


11 of Leads on Long Side (Ne) 
9 
9 


Seating Plane Coplanarity 
(CP) 
0.000 
0.004 
0.00 
0.10 


Tweezing 
Coplanarity 
(TCP) 
0.000 
0.004 
0.000 
0.10 


Lead Thickness 
(LT) 
0.009 
0.015 
0.23 
0.38 


Issue 
-- 
IWS 1/15/87 
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82521TB 
TWISTED PAIR ETHERNET* SERIAL SUPERCOMPONENT 


• 
Provides 
Complete 
Serial and Analog 
Twisted 
Pair Ethernet 
Interface 
- 
Analog 
Filters 


- 
Serial Interface 
and Transceiver 
- 
Manchester 
Encoder 
and Decoder 
- 
Link Integrity 
- 
Line Drivers and Receivers 
- 
Jabber 
Protection 
-Isolation 
Transformers 
and 
Protection 
Circuitry 


• 
Designed 
to IEEE 802.3 Draft 
Supplement, 
Type 
10BASE-T 
(P802.31/D10) 


• 
10-Mb/s 
Operation 


• 
Directly 
Interfaces 
Intel Ethernet 
LAN 
Controllers 
and Coprocessors 
-82586 
- 
82590 and 82592 
- 
82596CA, 
82596DX, 
and 82596SX 


• 
Socket 
Compatible 
with the 82521TA 


• 
No Configuration 
Required 


• 
Allows Design to Meet FCC Class A 
Standard 


• 
All Circuitry 
in a Single 36-Pin Package 


The Twisted 
Pair EthernetSerial 
Supercomponent 
(SSC) provides the complete 
serial and analog Twisted 
Pair 
Ethernet 
interface 
required 
to connect 
the Ethernet 
LAN controller 
directly 
to-a 
10BASE-T 
connector. 
It is 
designed 
for node applications 
in 10-Mb/s, 
CSMAlCD 
networks 
as defined 
by the IEEE 802.3-1985 
standard; 


for example, 
PCs, workstations, 
and fileservers. 
The SSC includes 
the serial interface, 
transceiver, 
Manches- 
ter encoder, 
Manchester 
decoder, 
10BASE-T 
functionality, 
line drivers, line receivers, 
analog filters, protection 
circuitry 
and isolation 
transformers 
in a single package. 
It provides 
all the required 
circuitry 
to give the LAN 
designer 
immediate 
access 
to the twisted 
pair Ethernet 
environment 
(10BASE-T). 


Existing EthernetlCheapernet 
designs 
can be easily modified 
to take advantage 
of ,cost-effective 
twisted 
pair 
wire. The SSC can be soldered 
or socketed 
onto a host adapter card or motherboard 
without 
any adjustments 
or configuration. 
It is compatible 
with the pending 
IEEE 802.3 draft standard 
10BASE-T, 
and can be used with 
non-Intel 
LAN controllers. 
The SSC is designed 
to satisfy 
FCC class 
A test 
requirements 
and to meet 
all 
standard 
host-system 
size and power requirements. 


Jabber 
ProtectIon 
LInk 
IntegrIty 


TxD 


TxC 


RxC 


RxD 


CRS 


COT 


Manchester 
Decoder and 
Clock Recovery 


EClK 


IClK 


RD+ 


RD- 


lIne 
Drivers 
EMI 
Filter 


TD+ 


TD- 


EMI 
Filter 
LIne 
DrIvers 


Figure 1. 82521TB 
Block Diagram 


·Ethernet 
is a registered 
trademark 
of Xerox Corporation, 
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82521TB 


CRS 
36 
VCC2 
RxO 
35 
VCC1 
CTS 
3. 
COT 


VSS 
33 
N/Cl 


TxO 
32 
N/Cl 


VSS 
31 
t 


TxC 
30 
Ro- 


VSS 
29 
RD+ 


VEE 
28 
TO- 


RxC 
27 
TOl 


VSS 
26 
t 


EClK 
25 
LI 


IClK 
2. 
RESET 


'LI0/WOTD· 
23 
VSS 
••• 
ENC· 
22 
TEST 


lPBK2 
21 
N/C 


WOT· 
20 
lPBK1 


Vss 
19 
RTS 
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·Pins 14. 15. and 17 have been enhanced since the 82521TA. This does not affect compatibility with the 82521TA. 
tPins 26 and 31 have been removed for improved electrical isolation. This does not affect compatibility with the 
82521TA. 
:j:The 12-V power requirement of the 82521 has been removed on the 82521TB. To maintain socket compatibility these 
pins are not connected internally; they can be connected to a power supply on the host card or left floating. 


Figure 2. 82521TB 
Pin Configuration 


Pin 
Symbol 
Type 
Name and Function 


1 
CAS 
0 
CARRIER 
SENSE: Active low output that alerts the Ethernet 
controller 
or coprocessor 
(82586, 82590, 82592, or 82596) that 
activity is present on the twisted pair link. This pin is directly 
connected 
to the CAS input of the controller. 


2 
RxD 
0 
RECEIVE 
DATA: NRZ data passed to the Ethernet 
controller. 
This 
pin is directly connected 
to the RxD pin on the controller. 


3 
CTS 
0 
CLEAR TO SEND: An active low output that alerts the Ethernet 
controller 
that the device is ready to accept data. This function 
is 
optional. 
This pin can be tied directly to the controller's 
CTS pin or 
left floating. 


4 
Vss 
GROUND. 


5 
TxD 
I 
TRANSMIT 
DATA: NRZ or Manchester 
encoded 
serial data is 
clocked 
in on TxD from the Ethernet 
controller. 
This pin is directly 
connected 
to the TxD pin of the controller. 
The state of the MENC 
pin determines 
NRZ or Manchester 
encoded 
input. 
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Pin 
Symbol 
Type 
Name and Function 


6 
VSS 
GROUND. 


7 
TxC 
0 
TRANSMIT 
CLOCK: A 1O-MHz clock output tied directly to the 
TxC pin of the Ethernet 
controller. 


8 
Vss 
GROUND. 


9 
VEE 
VEE: A - 5 V ± 10% power supply. 


10 
RxC 
0 
RECEIVE 
CLOCK: A 1O-MHz clock connected 
directly to the RxC 
input of the Ethernet 
controller. 
This clock is the recovered 
clock 
from the incoming 
data on the twisted pair. 


11 
Vss 
GROUND. 


12 
EClK 
0 
EXTERNAL 
CLOCK: A 20-MHz ±0.01 %, TIl-level 
input clock 


• 
with a 40/60 
duty cycle. EClK 
attaches 
to IClK 
for normal 
asynchronous 
operation. 
Synchronous 
operation 
of the device can 
be obtained 
by connecting 
an external clock to EClK. 


13 
IClK 
I 
INTERNAL 
CLOCK: A 20-MHz ± 0.01 %, TIl-level 
output clock 
with a 40/60 
duty cycle. For normal asynchronous 
operation 
this 
pin is directly connected 
to EClK. 
IClK 
can be used for 
synchronous 
operation 
of interface 
circuitry. 


14 
LlD/WDTD 
I 
LINK INTEGRITY 
DISABLE, 
WATCHDOG 
TIMER 
DISABLE: 
When connected 
to VCC1, this pin disables the link integrity 
processor, 
linkbeat generator, 
and watchdog 
timer. This ensures 
compatibility 
with the 82521TA. 
When connected 
to Vss. or not 
connected, 
these functions 
are enabled and the device is 
compatible 
with 10BASE-T. 


15 
MENC 
I 
MANCHESTER 
ENCODING: 
When tied to Vss, or not connected, 
this pin enables 
internal 
Manchester 
encoding 
of the NRZ data on 
TxD. When tied to VCC1, Manchester 
encoded 
data is expected 
on 
TxD. 


16 
lPBK2 
I 
LOOPBACK 
2: An active high input signal that causes the 
82521TB 
to enter diagnostic 
loopback 
mode. The twisted pair 
medium will be removed 
from the circuit, thus isolating the node 
from the network. 
When not connected 
this pin assumes the 
inactive (normal) state. Diagnostic 
loopback 
mode does not affect 
the operation 
of the link integrity processor 
or linkbeat 
generator. 


The watchdog 
timer will not operate 
in diagnostic 
loopback 
mode. 


17 
WDT 
0 
WATCHDOG 
TIMER: An active high output that indicates 
expiration 
of the watchdog 
timer Gabber protection) 
in the super- 
component. 
The output deasserts 
when the jabber function 
is 
reset. 


18 
Vss 
GROUND. 


19 
RTS 
I 
REQUEST 
TO SEND: An active low input signal synchronous 
to 
TxC; it enables 
data transmission 
on the twisted pair link segment. 


20 
lPBK1 
I 
LOOPBACK 
1: An active low input signal that causes the 82521TB 
to enter diagnostic 
loopback 
mode. The twisted pair medium will 
be removed 
from the circuit, thus isolating the node from the 
network. When not connected 
this pin assumes the inactive 
(normal) state. Diagnostic 
loopback 
mode does not affect the 
operation 
of the link integrity processor, 
or linkbeat generator. 
The 
watchdog 
timer will not operate 
in diagnostic 
loopback 
mode. 
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Pin 
Symbol 
Type 
Name and Function 


21 
N/C 
This pin is not connected. 


22 
Reserved 
I 
This pin is used for testing purposes. 
It should be left floating 
or 
connected 
to VSS. 


23 
VSS 
GROUND. 


24 
Reset 
I 
RESET: An active high input that brings the device into a known 
state. It must be asserted for 1 ms while the clock is running. 


25 
LI 
0 
LINK INTEGRITY: 
An active high output used to indicate the 
presence 
of link integrity faults. 


27 
TD+ 
0 
TWISTED 
PAIR TRANSMIT 
DATA: This pin transmits 
outgoing 
Manchester 
data to the twisted pair link segment. 
It is connected 
directly to the Medium Dependent 
Interface 
Connector 
(RJ-45) pin 
1. This pin, and the trace leading to it, must withstand 
2250 V dc to 
ground without damage. 


28 
TO- 
O 
TWISTED 
PAIR TRANSMIT 
DATA COMPLEMENT: 
This pin 
transmits 
outgoing 
inverted 
Manchester 
data to the twisted 
pair 
link segment. 
It is connected 
directly to the Medium Dependent 
Interface 
Connector 
(RJ-45) pin 2. This pin, and the trace leading 
to it, must withstand 
2250 V dc to ground without damage. 


29 
RD+ 
I 
TWISTED 
PAIR RECEIVE 
DATA: This pin receives 
incoming 
Manchester 
data from the twisted pair link segment. 
It is 
connected 
directly to the Medium Dependent 
Interface 
Connector 
(RJ-45) pin 3. This pin, and the trace leading to it, must withstand 
2250 V dc to ground without damage. 


30 
RD- 
I 
TWISTED 
PAIR RECEIVE 
DATA COMPLEMENT: 
This pin 
receives 
incoming 
inverted 
Manchester 
data from the twisted 
pair 
link segment. 
It is connected 
directly to the Medium Dependent 
Interface 
Connector 
(RJ-45) pin 6. This pin, and the trace leading 
to it, must withstand 
2250 V dc to ground without 
damage. 


32 
N/C 
This pin is not connected. 


33 
N/C 
This pin is not connected. 


34 
CDT 
0 
COLLISION 
DETECT: An active low signal that indicates 
the 
presence 
of a collision to the controller. 


35 
VCC1 
VCC1: A 5 V ± 5% power supply. 


36 
VCC2 
VCC2: A 5 V ± 10% power supply. This pin can be connected 
to 
pin 35 (VCC1) if a single power supply can reliably supply the 
combined 
requirements 
of ICC1 and ICC2 (see DC Characteristics). 


1-266 


FUNCTIONAL 
DESCRIPTION 


82521T8 


Overview 


The 82521TB provides the functions required for op- 
erating Data Terminal Equipment on a 10-Mb/s, 
CSMAlCD, local Area Network (LAN) using stan- 
dard telephone building wiring. The 82521TB design 
is based on the Twisted Pair Ethernet draft standard 
supplement to IEEE Std. 802.3 (type 10BASE-T, 
P802.31/D8). 


Clock Generation 


The 82521TB supports internal and external sources 
for the precision clock (20 MHz ±0.01 %) required in 
an Ethernet environment. The clock is used to re- 
time the transmitted Manchester data, to generate 
the 1O-MHzTxC signal, and as a precision reference 
for Manchester decoding and clock recovery of re- 
ceived data. 


If IClK (Pin 13) is strapped to EClK (Pin 12) an 
onboard clock oscillator generates the precision 
clock. This clock can be used for synchronous oper- 
ation of circuits on the host board; however, care 
must be taken to minimize the load on the clock. The 
supercomponent can be operated synchronous to 
the host by providing EClK with a 20-MHz ± 0.01%, 
TIl-level 
clock with a duty cycle of 40/60 or better. 


Transmit Section 


The transmit section of the 82521TB is controlled by 
the RTS signal generated by the Ethernet LAN con- 
troller (Intel's 82586, 82592, etc). When RTS as- 
serts, the 82521TB begins clocking in data from the 


controller on the TxD input. The TxD level is sam- 
pled on the falling edge of the 1O-MHzTxC signal (or 
every edge if Manchester encoding is not enabled). 
The data is then encoded 
using the precision 
20-MHz clock, and then sent to the twisted pair line 
drivers. 


The line drivers begin transmitting the serial Man- 
chester bit stream two bit times after the assertion of 
RTS. A predistortion algorithm is used by the line 
drivers to improve jitter performance on the twisted 
pair. The line drivers reduce their drive level during 
the second half of "fat" (100 ns) Manchester pulses, 
and maintain full drive level during all "thin" (50 ns) 
pulses. During the "fat" 
pulses, this reduces line 
overcharge, which 
is a 
major source 
of 
jitter. 


Figure 3 shows the difference between the familiar 
coax cable waveform and the predistorted waveform 
generated by the 82521TB. The line drivers maintain 
a characteristic impedance of 96 n typical through- 
out data packet transmission and the idle state. 


The predistorted output of the line drivers is then 
passed through the transmit EMI filter to reduce the 
high frequency harmonics of the transmitted signal. 
This reduces noise, Near End Cross Talk (NEXT) in 
bundled twisted pair cables, and unwanted Radio 
Frequency (RF) interference. The filter maintains the 
96 n (typical) characteristic impedance. The filtered 
signal then passes through an isolation transformer 
and common mode choke. These provide high volt- 
age protection, dc isolation, and common mode 
noise rejection. The output of the common mode 
choke is directly connected to the TO+ and TD- 
pins. These can be connected to pins 1 and 2 of an 
ISO 8877 (RJ-45) connector. 


After a successful transmission, the signal_quali- 
fy_error 
test (heartbeat) function is executed in ac- 


cordance with the 802.3 10BASE-T draft specifica- 
tion. 
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Figure 3. Effects 
of Predistortion 
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Receive Section 


82521TB 


The receive section of the 82521TB processes in- 
coming Manchester data from the twisted pair link 
segment, converts it to NRZ data, and recovers the 
embedded clock. It contains a squelch circuit that 
distinguishes noise from incoming data. Valid data 
passes through the input protection and common 
mode rejection of the 82521TB and the receive EMI 
filter, and trips the squelch circuit. The twisted pair 
line receiver is then enabled, and converts the signal 
to digital voltage levels. 


The signal then passes to the Manchester decoder 
and clock recovery circuit. CAS asserts within nine 
bit times of the arrival of the data packet to indicate 
the presence of activity on the network. Fourteen bit 
times later RxC and RxD activate, passing the re- 
maining preamble and data to the controller in NRZ 
format. 


The 82521TB detects the Start-Of-Idle (SOl) signal 
at the end of a packet. CRS will be synchronously 
deasserted with RxC within four bit times from the 
beginning of the SOL RxC and RxD then return to 
their idle state. 


Collision Detect 


Collision detection in the twisted pair environment is 
indicated by simultaneous transmission and recep- 
tion on the twisted pair link segment. The COTsignal 
is asserted for the duration of both RTS and the 
presence of received data; CRS is asserted for the 
duration of either RTS or the presence of received 
data. 


DO to 01 Loopback 


When the 82521TB is transmitting on the TO circuit, 
and not receiving on the RD circuit, it also routes the 
transmitted data to the receive circuitry. It returns to 
the controller via the CRS, RxC, and RxD signals. 


Link Integrity 


The 82521TB supports the link integrity function as 
defined in the 10BASE-T draft. During long periods 
of idle on the transmitter, link test pulses will be 
transmitted on to the twisted pair medium as an indi- 
cation to the receiving MAU that the link is good. 
These pulses will be transmitted between 8 and 
24 ms after the end of the last transmission or link 
test pulse. 


The link integrity function continuously monitors ac- 
tivity on the receive circuit. If neither valid data or link 
test pulses are received for a period of time, the link 
integrity processor declares the link bad, and dis- 
ables transmission and reception on the medium. 
Transmission of link test pulses and monitoring of 
receive activity are not affected. The idle time re- 
quired for the link integrity processor to determine if 
the link is bad is between 50 and 150 ms. 


Once a frame, or-a sequence of 2 to 10 consecutive 
link test pulses, are detected, the link integrity proc- 
essor declares the link good and reconnects the 
transmitter and receiver. 


Jabber Function 


The 82521TB has an onboard watchdog timer to im- 
plement the jabber function. If a transmission contin- 
ues beyond the limits specified by the 1OBASE-T 
draft standard (between 20 and 150 ms), the jabber 
function inhibits further transmission and asserts the 
collision indicator COT.The transmission inhibit peri- 
od extends until the 82521TB detects sufficient idle 
time (between 250 and 750 ms) on the RTS signal. 
Link test pulses continue to be sent during the peri- 
od when the transmitter is disabled. 


Diagnostic 
Loopback 
Mode 


The 82521TB supports a diagnostic loopback mode 
in addition to the normal DO to 01 loopback mode. 
When either LPBK1 or LPBK2 are asserted, data 
transmission and reception on the twisted pair link is 
disabled, thus removing the DTE from the network. 
Any transmissions made in this mode are fed back 
into the receive circuits and subsequently passed 
back to the controller. Diagnostic loopback mode 
does not affect the link integrity function. Link test 
pulses are still transmitted and the twisted pair link is 
monitored for frames and link test pulse reception. 


State Diagrams 


The 82521TB operation is described in the following 
four state diagrams: Transmit-Receive, SQE Test, 
Jabber, and Link Integrity. They are based on the 
state diagrams of the 1OBASE-T draft. These state 
diagrams differ from those of the draft standard be- 
cause the 1OBASE-T specification addresses an ex- 
ternal MAU with AUI cable, whereas the 82521TB 
eliminates the AUI cable. Therefore, the state dia- 
grams for the 82521TB reference its own interface 
signals, not the AUI signals. Operation of the device 
at the MOl connector (RJ-45) is identical. 
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FUNCTIONAL 
DESCRIPTION 
(Continued) 


RTS= active 
o RD= Idle 
o xmlt = enable 


OUTPUT 


TD=TxD 


RxD=TxD 


RTS= active 
o RD= active 
o Ipbk = fal.e 
oxmlt = enable 


INPUT 


RxD=RD 


RTS= active 
o RD= active 
oIsolate = false 
o xmlt = enable 
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COLLISION 


TD=TxD 
RxD=RD 
CDT=SQE 


RTS= active 
o (RD = Idle + Isolate = true) 
RTS=ldle 
o(RD = Idle + Isolate = true) 


A 


Figure 4. Transmit 
Receive 
State Diagram 
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FUNCTIONAL 
DESCRIPTION 
(Continued) 


Power On 
1 
1 


OUTPUT IDLE 


i 
I 
RTS= active 


-~ 


OUTPUT DETECTED 


,~ 


RTS= Idle 


-x-- 
or 


SOE TESTWAIT 


-~ 


StarLSOk-tesLwalLtlmer 


SOk-tesLwalt 
xmit = disable 
• (xmlt = enabl 
• Isolate = Idle 


SOE TEST 
;J 


StarLSOk-tesLtlmer 


SOE 
~ 
I 


I 


_timer_done 
e + Isolate = active) 


Figure 5. SQE Test State Diagram 
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FUNCTIONAL 
DESCRIPTION 
(Continued) 


Power On 
1 
1 


NO OUTPUT 


.. ~ 


RTS= aqtlve • Isolate = false 
• WOTO= false 


NON-JABBER OUTPUT 


, 


StarLxmILmax_t1mer 
. 


RJS= Idle 
I 
RTS= active • xmlLmax_ 
• WOTD= false • Isolate = f 


~~, 
JAB 


xmlt = disable 
Ipbk = disable 
SQE 


RTS=Idle 


1- 
UNJAB WAIT 


starLunjab_tlmer 
xmlt = disable 
Ipbk = disable 
SQE 


I 
I 


timer_done 
alse 
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unjab_tlmecdone 
+WOTO=true 
+ Isolate = true 


RTS= active' 
~njab_timer 
_noLdone 
'WOTD = false • 
• Isolate = false 


Figure 6. Jabber 
Function 
State Diagram 
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FUNCTIONAL 
DESCRIPTION 
(Continued) 


Power On 
! 
! 


IDLETEST 


\ 


StorLllnk_losLtlmer 


Stort_lInk_tesLmln_tlmer 


I 
lllnk-Ioss_tlm~r 
_done ° LID= folse 


LINK TESTfAIL RESET 
11- 
r- 


LINK TESTfAIL WAIT 
link_count = 0 
xmlt = disable 
xmlt = disable 
rcv = disable 
rcv = disable 
Ipbk = dlsoble 
Ipbk = disable 


RD=octlve 
IInk_tesLrcvd 
= tru~ L 
IRD=octive 
I 
LID= true 
° LID= folse 
+ LID= true 
; 
IInk_tesLrcvd 
= folse 


LINK TESTfAIL 


c 
1_ 


link_count 
= link_count + 1 
stort_lInk_tesLmln_tlmer 
stort_lInk_tesLmox_tlmer 
xmlt = disable 
rcv = disable 
Ipbk = dlsoble 
IInk_tesLmln_t1mer _done 
°llnk_tesLrcvd 
= true 
I 
I 
° LID= fols. 


RD= active+ LID- true 
(link_tesLrn<l>L.timer _done + 
+ (IInILcount = Ic_mox) 
IInk_tesLmln_tlmer _noLdone 
° IInk_tesLrcvd = true) 
LINK TESTf AILEXTEND 
° LID= folse 


xmlt = disable 
rcv = disable 
Ipbk = disable 
- 


RD=octlve+ 
IInk_tesLrcvd 
= true 
°llnk_tesLmln_t1meLdone 


+ 


RD-Idle 
° RTS-Idle 
290259-7 


Figure 7. Link Integrity 
State Diagram 
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State Diagram Variables 


The variable definitions contain a description of the 
function they control as well as the possible values 
for that variable. Many of the variables have a de- 
fault value; when none of the state machines explic- 
itly assigns a particular variable a value, then that 
variable implicitly takes on the default value. Several 
constants are used and defined by either the 802.3 
standard or the 1OBASE-T draft, these constants are 
printed italic. 


RTS 


RxD 


COT 


TO 


Indicates the presence of a data 
stream being received from 
the 
DTE on the TxD signal. 


RTS = active. Data is present on" 
the TxD circuit. 


RTS = Idle. Data is not present on 
the TxD circuit. 


Controls the source of data trans- 
mitted to the DTE on the RxD cir- 
cuit. 


RxD = RD. Data on the RxD circuit 
is sourced by the RD circuit input 
from the twisted pair. The condition 
"rcv = disable" overrides and dis- 
ables this activity. 
RxD = DO. Data on the RxD circuit 
is sourced by the TxD circuit from 
the DTE. This is the loopback func- 
tion. The condition "Ioopback 
= 
disable" overrides and disables this 
activity. 
RxD = Idle. Default. There is no 
data being transmitted on the RxD 
circuit, it contains the input..Jdle 
message. 
Controls the message the 82521TB 
sends to the DTE on the COT sig- 
nal. 


COT = SQE. The MAU is sending 
the signal_quality 
error message 
to the DTE on the COT signal. 
COT = Idle. Default. the MAU is 
sending the MAU-11vailable mes- 
sage to the DTE on the COT signal. 


Controls the source of data trans- 
mitted to the network on the TO cir- 
cuit. 


TO 
= 
TxD. 
The 
TO circuit 
is 
sourced by the TxD signal. The 
conditions 
"xmit 
= 
disable" 
or 
"isolate = true" overrides and dis- 
ables this activity. 


RD 
Indicates the presence of an input 
data stream from the network on 
the RD circuit. 


RD = active. Data is present on 
the RD circuit. 


RD = Idle. Data is not present on 
the RD circuit. 


IinLtesLrcvd 
Indicates the presence of a link 
test pulse on the RD circuit. 


IinLtesLrcvd 
= true. A link 
test pulse is present on the RD cir- 
cuit. 


IinLtesLrcvd 
= 
false. 
Si- 
lence or data is present on the RD 
circuit. 


IinLcount 
Indicates the number of consecu- 
tive link test pulses received while 
in a link-fail-state. 
Ic_max 
The maximum number of consec- 
utive"link test pulses required be- 
fore reconnection is allowed. 


xmit 
Communication 
path 
between 
state machines. This variable re- 
lates the status of certain fault 
conditions that require the trans- 
mit and SQE functions to be dis- 
abled. 
xmit = disable. A condition ex- 
ists that dictates the transmit and 
SQE test functions to be disabled." 
xmit 
= 
enable. 
Default. 
The 
transmit and SQE test functions 
operate normally. 
rcv 
Communication 
path 
between 


state machines. This variable re- 
lates the status of certain fault 
conditions that require the receive 
function to be disabled. 
rcv = disable. A condition exists 
that dictates that the receive func- 
tion be disabled. 
rcv = enable. Default. The re- 
ceive function should operate nor- 
mally. 
Ipbk 
Communication 
path 
between 
state machines. This variable re- 
lates the status of certain fault 
conditions that require the DO to 
01 loopback function to be dis- 
abled. 
Ipbk = disable. A condition ex- 
ists that dictates that the loopback 
function be disabled. 


1-273 


82521TB 


Ipbk 
(continued) 


Isolate 


WDTD 


LID 


Ipbk = enable.Default. The DO to 
01 loopback function should oper- 
ate normally. 
Indicates the status of the diagnos- 
tic loopback mode of the .82521TB. 
isolate = false. Device is not in di- 
agnostic 
loopback 
mode. 
Input 
LPBK1 = 1'and LPBK2 = O. 
isolate = true. Device is in diag- 
nostic loopback mode. Input LPBK1 
= 0 or LPBK2 = 1. 
Indicates the status of the watch- 
dog timer 
disable 
mode of 
the 
82521TB. 
WDTD = 
true. Watchdog timer 
(Jabber function) is disabled. Input 
L1D/WDTD = 1. 
WDTD =' false. Watchdog timer is 
enabled. Input L1D/WDTD = O. 
Indicates the status of the link in- 
tegrity 
disable 
mode 
of 
the 
82521TB. 
LID = true. Link integrity process 
is disabled. Input L1D/WDTD = 1. 
LID = false. Link integrity process 
is enabled. Input L1D/WDTD = O. 


State Diagram Timers 


IinLJoss_tlmer. 
Time to wait to declare a bad re- 
ceive link. 


IinLtesLmin_timer. 
Minimum time allowed be- 
tween consecutive link test pulses. 


IinLtesLmax.-timer. 
Maximum time 
allowed 
between consecutive link pulses. 


SQLtesLwaiLtimer. 
Time to wait before exe- 
cuting the SQE_test function. 


SQLtesLtimer. 
Time to wait for completing the 
SQE_test function. 


xmiLmax.-tlmer. 
Time to wait to interrupt jabber- 
ing transmission. 


unjab_timer. Time to wait before resetting jabber 
function. 
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ABSOLUTE 
MAXIMUM 
RATINGS 
NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 
Ambient 
Temperature 
Under Bias 
0° to + 70°C 


Storage Temperature 
-65° 
to + 140°C 


All Output and Supply Voltages(1) 
-0.5 
to + 7V 


All Input Voltages(2) 
- 0.5 to VCC1 + 0.5V 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
TA = 0° to 70°C. VCC1 = 5 V ± 5%. VCC2 = 5 V ± 10% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage (3) 
-0.3 
0.8 
V 


VIH 
input High Voltage (3) 
2.0 
VCC 
V 


III 
Input Leakage Current 
±400 
/LA 
-0.3 
V ~ VI ~ VCC1 


VOl 
Output Low Voltage (4) 
0.45 
V 
IOl = 4mA 


VOH 
Output High Voltage 
(4) 
3.9 
V 
IOH = - 500 /LA 


ICC1 
Power Supply Current 
410 
mA 
VCC = 5.25 V 


lCC2 
Power Supply Current 
105 
mA 
vcc = 5.5 V 


lEE 
Power Supply Current 
:""40 
mA 
VEE = -5.5 
V 


PO 
Power Dissipation 
3 
W 
VCC = 5.0V 


NOTES: 
1. The voltage levels for TD+ and TD- 
are ±2250 V with respect to ground. 


2. The voltage levels for RD+ and RD- 
are ±2250 V with respect to ground. 
3. Digital Inputs. TxD. EClK. MENC. lID/WDTD. lPBK2. R"fS. lPBK1. TEST. and RESET. 
4. Digital Outputs. CAS. RxD. CTS. TxC. Axe. IClK. WDT. u, and cm. 


ANALOG 
CHARACTERISTICS 
TA = 0° to 70°C. VCC1 = 5V 
±5%. 
VCC2 = 5V 
±10% 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Zo 
Characteristic 
Impedance(1. 
2) 
77 
115 
0 
5 MHz to 10 MHz 


Return Loss(1. 2) (5 MHz to 10 MHz) 
15 
dB 
850 
~ RLOAD ~ 1110 


Squelch 
Reject Level(2) 
300 
mV 


Squelch Accept 
Level(2) 
450 
mV 


CMR 
Common 
Mode Rejection(1. 2) 
29 
dB 
At 10 MHz 


VIDF 
Input Peak Differential 
0.500 
V 


VODF1 
Output Peak Differential 
2.2 
2.8 
V 
960 
Load 
~ 
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ANALOG 
CHARACTERISTICS 
(Continued) 
TA = o· to 70·C, VCC1 = 5 V ±5%, 
VCC2 ;= 5 V ± 10% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VOOF2 
Output Peak Differential 
0.585 
V 
With Cable Model(3) 


Maximum 
Overshoot 
50 
mV 
Start of Idle 


Transmitter 
Impedance 
Balance 
29 
dB 
At 10 MHz 


VOCM 
Output Common 
Mode 
50 
mV 
>30 
kHz 


Harmonic 
Content 
-27 
dB 
:::30 MHz 


NOTES; 
1. Pin 27 and 28 (TO+ and TO-). 
2. Pins 29 and 30 (RO+ and RO-). 
3. Cable Mode defined in 10BASE·T draft. 


I 34.on 
2.32kn 
22.6kn 


95.3n 
95.3n 


1.0n 


95.3n 


i.oa 
O.68)o1H 


95.3n 
95.3n 


r.oa 
O.82)o1H 
14.on 
5.6)o1H 


95.3n 
95.3n 


ee.ia 
3.83n 
r.oa 


560pr 
649n 
68pr 
11.3 kn 
82 pr 
ro en 
82pr 


TD-.-------~-------------4--------------4_------------~------~ 
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A.C. Timing Conditions 


1. TA = o· to 70·C, VCC1 = 5 V ±5%, 
VCC2 = 5 V ±10%. 


2. Digitial outputs 
timing measurement 
points are 0.9 V and 3.0 V unless otherwise 
noted. 


3. Digitial input timing measurements 
points are 0.8 V and 2.0 V unless otherwise 
noted. 


4. TD Pair and RD Pair timing measurements 
are 0 V unless otherwise 
noted. 


5. Digital ac loads: 20 pF to ground. 


6. TD + and TD - 
load: 96 n differential 
load. 


CLOCK TIMING 
CHARACTERISTICS 


Symbol 
Parameter 
Min 
Max 
Units 


t1 
ECLK/ICLK 
Cycle Time 
49.995 
50.005 
ns 


t2 
ECLK/ICLK 
Rise and Fall Time 
8 
ns 


t3 
ECLK/ICLK 
High and Low Time 
15 
ns 
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Decoder Timing Characteristics 


Symbol 
Parameter 
Mln 
Max 
Units 
4 
RxCPeriod 
- 
-. 
o. )'= 
~. 
96 
104 
ns 


t5 
RxC High Time 
36 
ns 


fG 
RxCLowTime 
40 
ns 


RxC Rise and Fall Time(2) 


- 
- 
~ 
5 
t7 
ns 


ta 
RxD Setup Time to RxC Falling Edge 
30 
ns 


t9 
RxD Hold Time from RxC Falling Edge 
30 
ns 


t10 
RxD Rise and Fall Time(2) 
5 
ns 


t11 
Receiver 
Steady State Delay 
300 
ns 


t12 
CRS Assertion 
Delay from First Valid RD Pair Edge(l) 
600 
ns 


t13 
Duration RXC is Held Low at Start of Packet 
1900 
ns 


t14 
CRS Deassertion 
Delay from Last Valid RD Pair Edge(l) 
350 
ns 


t15 
CRS Deassertion 
Hold Time from RxC High(l) 
10 
40 
ns 


t16 
RD Pair Bit Cell Center Jitter in Preamble 
, 
±12 
ns 


t17 
RD Pair Bit Cell Center Jitter in Data 
±18 
ns 


t18 
RD Pair Return to Zero from Last Valid Positive Transition 
235 
ns 


t19 
RD Idle Time After Transmission 
8 
/Ls 


NOTES: 
1. RfS inactive. 
2. Characterized, 
not tested. 


i-----Tl----;-:---l 


3.0 V • - - - - - - 


2.0 V • - - - - - - 


0.0 V 
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Figure 8. Clock Timing Measurement 
Points 
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Figure 9. Receive Timing: Start of Frame 
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Figure 10. Receive Timing: End of Frame 
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Encoder Timing Characteristics 


Symbol 
Parameter 
, 
1- 
Mln 
Max 
Units 


t20 
TxC Period 
. --, 
99.99 
100.01 
ns 


t21 
TxC Rise and Fall Time(2) 
t 
~ 
8 
ns 


t22 
TxC High Time 
40 
ns- 


t23 
TxCLowTime 
0- 
, 
40 
ns 


RTS Assertion 
to TD Pair Active 
.. 


250 
470 
t24 
ns 


t25 
Transmitter 
Steady State Delay 
-~ 
100 
270 
ns 


t26 
TxD Setup Time to TxC Low 
'. 
5 
ns 


t27 
TxD Hold Time from TxC Low 
.~ 
.. 
10 
ns 


t28 
TxD Setup Time from TxC High(1) 
':' 
5 
ns 
\ 


t29 
TxD Hold Time from TxC High(1) 


J. 


25 
ns 
I 


t30 
TxD Rise and Fall Time(2) 
10 
ns 


t31 
RTS Setup Time to TxC Low 
5 
ns 


t32 
RTS Hold Time from TxC Low 
10 
ns 


t33 
RTS Rise and Fall Time(2) 
10 
ns 


t34 
TD Pair Output Jitter 
±4 
ns 


t35 
RTS Deasserted 
to TD Pair Inactive 
350 
520 
ns 


t36 
TD Pair Held at Positive Differential 
at SOl 
250 
400 
ns 


t37 
TD Pair Return to ± 50 mV after Transrnissfon 
4500 
ns 


t38 
RTS Deasserted 
to CDT Asserted 
(Heartbeat) 
600 
t600 
ns 


t39 
CDT Assertion 
Pulse Width (Heartbeat) 
500 
1500 
ns 


NOTES: 
1. Manchester 
Encoder 
Disabled. 


2. Characterized. 
not tested. 


TxD 


1+--+--+\37----'1 


TD PAIR 
(LAST BIT= 1) 


TO PAIR 
(LAST BIT = 0) 
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Figure 11. Transmit 
Tlmlng~ Manchester 
Encoding 
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TxD 
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Figure 12.Transmit Timing: Non-Manchester Encoding 


COLLISION 
TIMING 
CHARACTERISTICS 


Symbol 
Parameter 
Mln 
Max 
Units 


tJ1 
CDT Assertion 
from Onset of Collision 
20 
900 
ns 


tJ2 
• 
CDT Deassertion 
from End of Collision 
20 
900 
ns 


tJ3 
CAS Deassertion 
from End of Collision(1) 
20 
900 
ns 


NOTE: 
1. Both R"i'S 
and RD Pair Idle. 


MODAL TIMING 
CHARACTERISTICS 


Symbol 
Parameter 
Mln 
Max 
Units 


tJ4 
RESET Pulse Width after vcc Stable 
1 
ms 


tJs 
LlD/WDTD, 
MENC, LPBK2, LPBK1 Setup to RTS Assert 
10 
/Ls 


tJ6 
LlD/WDTD, 
MENC, LPBK2, LPBK1 Hold from RTS Deassert 
10 
/Ls 


tJ7 
LlD/WDTD, 
MENC, LPBK2, LPBK1 Setup to RD Active(1) 
10 
/Ls 


tJ8 
LlD/WDTD, 
MENC, LPBK2, LPBK1 Hold from Rd Inactive(1) 
10 
/Ls 


NOTE: 
1. Violation of this specification can result in corrupted data presented to the LAN controller. No other adverse affects will 
occur. 


JABBER TIMING 
CHARACTERISTICS 


Symbol 
Parameter 
Mln 
Max 
Units 


tJ9 
RTS Assert to WDT Assert (TD Disabled) 
20 
150 
ms 


tso 
Last RTS Deassert to WDT Deassert 
(TD Enabled) 
250 
750 
ms 
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COT 
------ 
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LlO/WOTD :::>:< 
x 
x 


LPBK2 


f.-t45-1 
r-t46 ...•. 
I 
I 
fo-t47---i 
t48- 
t- 


RO PAIR ----------------......,_1------ 
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Figure 14. Modal Timing 


LINK INTEGRITY 
TIMING 
CHARACTERISTICS 


Symbol 
Parameter 
Min 
Max 
Units 


t51 
Last TD Edge to Link Test Pulse Transmission 
8 
24 
ms 


t52 
Link Test Pulse Width 
80 
120 
ns 


t53 
Last AD Edge to Link Fail (L1Assert) 
50 
150 
ms 


t54 
Minimum 
Idle Time between 
Consecutive 
Leakbeat 
Reception 
6 
8 
ms 


t55 
Maximum 
Idle Time between 
Consecutive 
Leakbeat 
Reception 
24 
150 
ms 


1 
.....,j1lJ 
i------t49-----+j 
~1.---t50---·1 


TO PAIR-- 
I--------------,--- 


wOT-------1 
1_- 
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Figure 15. Jabber Timing 
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--jj--\52 


/ 
\51 
'/ 
n 
n 
rL- 


J--\S4 
.,' 
\S5----1 
n 
n 
n 


TO PAIR 
_..:;.. 
__ 
--lIL... 
....III..- 
_ 


RD PAIR ...J1 


1 
,1..- 
'_1 -- 
••••••••••• 
--- 
•.••• 
----:--''"---- 
t-----\S3--~1_--...;;..----------, 
LI 
•.••I 
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Figure 16. Link Integrity 
Timing 


!-----1.96In.{50mm) 
-------I 


36-----------19 


i-----------,--r 
i 
i g~?;~) 
L~-L 
I 
-11- 
-I~ 
0.125In. 
0.110In. 
0.100In. 


(3.17mm) 
(0.254 
mm) 
(2.54mm) 


2.36In. 
(60mm) 


18 


1----------------1 
i 
i 


~ 
V 
/ 
2.36In.{60mm) 
/ 


Figure 17. 82521TB 
Form Factor 
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82504TA 
Transceiver Serial Interface (TSI) 
• Designed 
for Twisted 
Pair Ethernet 
• Recovers 
Data and Clock Signal from 
Applications 
Incoming 
Manchester 
Data 
- 
Client Stations 
• Detects 
End-of-Packet 
Delimiter 
(IDL) 
- 
File Servers 
-Bridges 
• Informs 
LAN Controller 
of Data 


- 
Twisted 
Pair Repeaters 
Collisions 
and Loss of Signal 
• 10 Mb/s 
Operation 
• Generates 
10 MHz Transmit 
Clock 
• Interfaces 
Intel Ethernet 
LAN 
• Single 5V Supply, and Low-Power 


Controllers 
to Twisted 
Pair Link 
CMOS Processing 


Segment 
• Pin Compatible 
with AT&T T7210 


The Intel 82504TA 
Transceiver 
Serial 
Interface 
component 
(TSI) is intended 
for Twisted 
Pair Ethernet 
LAN 


applications 
using 10 Mb/s, 
Manchester 
coded data; for example, 
client stations, 
file servers, 
and repeaters. 


The 82504T A reduces 
design time by providing 
the serial interface 
functions 
required 
to connect 
the twisted 
pair interface 
circuitry 
to any of Intel's 
Ethernet 
'LAN controllers, 
including 
the 82586, 
82590, 
and 82592. 
It 
offers 
LAN system 
designers 
an easy way to upgrade 
existing 
EthernetlCheapernet 
products 
to take advan- 


tage of low-cost 
twisted pair wire. The TSI chip performs 
clock recovery 
and Manchester 
decoding 
of 10 Mb/s 
data, and produces 
NRZ, data and clock signals for the LAN controller. 
The TSI also supports 
a predistortion 


method 
to prevent 
line overcharge, 
improving 
jitter 
performance. 
The 82504TA 
is pin compatible 
with the 
AT&T T7210. It is fabricated 
using low-power 
CM OS processing 
technology, 
and is available 
in 24-lead 
plastic 
DIP and 28-lead 
SOJ packages. 


82504TA 
Block Diagram 


DTE = High 
ClK 
(20 
MHz) 


TRxD 


TIming 
Recovery 
and 
Manchester 
Decoding 
TPS 


TRMT 


TRMT 


Transmitter 
Control 
TPEN 


PDC 


Manufactured 
and tested 
fer Intel by AT&T 
in accordance 
with AT&T 
internal 
standards. 
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24-Pin Plastic DIP and 28-Pln Plastic SOJ Pin Configurations 


VCCA 


RSV1 


TPS 


RESET 


TRxO 


RSV2 


TxO 


RTS 


RSV3 


OTE 


ClK 


Vcco 


VSSA 
VCCA 


NC 
RSV1 


MCV 
TPS 


CRS 
NC 


RxO 
RESET 


RxC 
TRxO 


TPEN 
RSV2 


TRMT 
TxO 


TRMT 
RTS 


POC 
RSV3 


TxC 
NC 


VSSA 
OTE 


ClK 
290212-2 
Vcco 


VSSA 


NC 


MCV 


NC 


CRS 


RxO 


RxC 


TPEN 


TRMT 


TRMT 


NC 


POC 


TxC 


VSSA 


Table 1. Pin Description 
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Symbol 
Pin No. 
Type 
Name and Function 


VeeA 
1 
Analog vcc + 5V power supply. 


RSV1 
2 
I 
Reserved. 
This pin is reserved 
and must be connected 
to VSSD for 


proper operation. 


TPS 
3 
I 
Twisted 
Pair Sense. Active high. This pin is asserted 
when data is 
valid on TRxD (Twisted 
Pair Receive 
Data). 


RESET 
4 
I 
Reset. Active High. This pin is asserted 
to bring the TSI into a 
known state. It must be asserted 
for 1 ms while the clock is 
running. 


TRxD 
5 
I 
Twisted 
Pair Receive 
Data. Asynchronous 
Manchester 
data from 
the twisted pair line receiver. 


RSV2 
6 
I 
Reserved. 
This pin is reserved 
and must be connected 
to VSSD for 


proper operation. 


NOTES: 
I = Input 
0= 
Output 
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Symbol 
Pin No. 
Type 
Name and Function 


TxD 
7 
I 
Transmit 
Data. Manchester 
encoded 
data from the 82586 (or other 
Ethernet 
controller). 
This pin is directly connected 
to the TxD 
controller 
output. 


RTS 
8 
I 
Request to Send. Active low. This signal is synchronous 
to TxC. 


and enables 
data transmission 
on the twisted pair link segment. 


RSV3 
9 
I 
Reserved. 
This pin is reserved 
and must be connected 
to VCCD for 
proper operation. 


DTE 
10 
I 
Data Terminal 
Equipment. 
This pin should be connected 
to VCCD if 
the TSI is used in a DTE. or to VSSD if used in a repeater. 


ClK 
11 
I 
Clock. A 20 MHz ± 0.01 % input clock used for precision 
timing and 
encoded 
data transmission. 


VCCD 
12 
Digital vcc. + 5V Power Supply. 


VSSD 
13 
Digital Ground. 


TxC 
14 
0 
Transmit 
Clock. A 10 MHz clock output tied directly to the TxC pin 
of the Intel Ethernet 
LAN Controller. 


PDC 
15 
0 
Predistortion 
Control. This signal is used to reduce jitter in a 
twisted pair environment 
by preventing 
line overcharge. 
This pin is 
asserted 
for the first 50 ns of any pulse on the TRMT pair. This 
allows the TP line drivers to reduce their output voltage 
during the 
last 50 ns of 100 ns Manchester 
pulses. PDC will not produce 
glitches during consecutive 
50 ns pulses. 


TRMT 
16 
0 
Twisted 
Pair Transmit 
Pair. Serial Manchester 
encoded 
data 
TRMT 
17 
0 
generated 
for the twisted pair line drivers. 


TPEN 
18 
0 
Twisted 
Pair Enable. Active low. This pin enables the line drivers. 


RxC 
19 
0 
Receive Clock. A 10 MHz clock connected 
directly to the RXC 
input of the Intel Ethernet 
LAN Controller. 
This clock is the 
recovered 
clock from TRxD. 


RxD 
20 
0 
Receive 
Data. NRZ data passed to the Intel Ethernet 
LAN 
Controller. 
This pin is directly connected 
to the RxD pin on the 
controller. 


CRS 
21 
0 
Carrier Sense. Active low. A signal that alerts the Intel Ethernet 
LAN Controller 
that the twisted 
pair link is active. This pin is directly 
connected 
to the CRS input of the controller. 


MCV 
22 
0 
Manchester 
Code Violation. 
Active low. This signal indicates 
the 
presence 
of Manchester 
code violations. 


NC 
23 
Not Connected. 


VSSA 
24 
Analog Ground. 


Table 
1. Pin Description 
(Continued) 
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• 
Fox Electronics 
5842 Corporation 
Circle 
Fort Myers, FL 33905 


• 
M-Tron 
Industries, 
Inc. 
Yankton, 
SD 57078 


An external 
TTL-compatible 
20 MHz ± 0.01 % clock 
with 
a duty 
cycle 
of 40/60 
or better 
can 
also 
be 
used. 


Transmit Section 


MANCHESTER 
RETIMING 
AND 
PREDISTORTION 


• The transmit 
section 
of the 82504TA 
is controlled 
by 
the RTS signal generated 
by the Ethernet 
LAN con- 
troller 
(Intel's 
82586, 
82592, 
etc). When 
RTS is as- 
serted, 
the 82504TA 
begins clocking 
in Manchester 
data from the controller 
on the TxO input. The TxO 
~al 
is sampled 
on every transition 
of the 10 MHz 
TxC signal. 
The 
serial data 
is then 
retimed 
by the 
20 MHz input clock, 
and sent to the line drivers 
via 
the TRMT and TRMT pins. The enable signal for the 
line drivers, 
TPEN, 
asserts 
two 
bit times 
after 
the 
assertion 
of RTS to allow the input Manchester 
data 
to settle. 
At the end of the packet, 
TPEN 
remains 
asserted 
for three 
bit times 
to make 
allowance 
for 
device 
latency, 
and to append 
the 
end 
of packet 
symbol 
(IOL) to the data packet. 


Another 
signal, 
Predistortion 
Control 
(POC), is also 
generated 
by the transmit 
section. 
Predistortion 
is a 
technique 
for reducing 
jitter by preventing 
line over- 
charging 
during 
"fat" 
(100 ns) Manchester 
pulses. 


POC is asserted 
during the first 50 ns of any pulse 
on the TRMT 
outputs; 
i.e., it is asserted 
throughout 


"thin" 
(50 ns) pulses and during the first half of "fat" 
pulses. 
This 
permits 
the twisted 
pair line driver 
to 
reduce 
its output 
drive 
during 
the 
second 
half 
of 


"fat" 
pulses. 
Internal 
circuitry 
prevents 
glitches 
on 
PDC. 


Receive Section 


MANCHESTER 
DECODING 
AND CLOCK 
RECOVERY 


The 
Receive 
section 
of 
the 
82504TA 
is enabled 
when 
incoming 
data 
from 
the twisted 
pair asserts 
the 
Twisted 
Pair Sense 
(TPS) 
signal. 
Manchester 


data decoding 
and clock recovery 
begin on the seri- 


al data from the Twisted 
Pair Receive 
Data (TRxO) 


input. RXC changes 
from its free running 
state to its 
locked state during the first two bit-times. 
CRS goes 
active 
after two bit times to guarantee 
reception 
of 
valid data after RxC clock stabilization. 
The decoded 
NRZ data is sent to the LAN controller 
on the RxD 


line along with the recovered 
clock signal. 
RxC . 


The end of packet 
is detected 
by the presence 
of 
the IOL symbol 
or by the deassertion 
of TPS. After 
three bit times CRS will be deasserted 
synchronous- 


ly with 
RxC, then 
RxC returns 
to its free 
running 
state. 


To interface 
with a LAN controller 
that expects 
CRS 
to be asserted 
in response 
to its own transmission- 


Intel 
controllers 
are 
software 
configurable 
either 
way-the 
CRS signal from the TSI should be AND'd 
with the RTS signal from the controller 
(as shown 
in 
Figure 2); this way, CRS to the controller 
will assert 
during 
both 
transmission 
or reception. 
This 
is the 
normal 
mode of operation 
for coaxial 
Ethernet 
envi- 


ronments. 


APPLICATION 
EXAMPLE 


A typical 
DTE receiver 
design 
is shown 
in Figure 2. 


The incoming 
signal from the twisted 
pair wire pass- 


es through 
a common-mode 
choke and an isolation 
transformer 
for 
noise 
reduction. 
This 
signal 
runs 
through 
another 
filter. The filter output 
runs directly 
to a line receiver 
to establish 
a data channel, 
and 
through 
a DC offset 
to another 
line receiver 
for a 
squelch 
channel. 
The squelch 
channel 
is used for 
noise 
rejection, 
and 
detecting 
valid 
incoming 
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data. The line receivers on both the data channel 
and squelch channel convert the differential signal 
to TTL-compatible signals. 


When the incoming signal level is above the com- 
parator's preset threshold, the comparator output 
triggers a Retriggerable Monostable Multivibrator. 
The multivibrator then asserts the TPS signal for the 
82504TA. The TPS signal remains asserted for two 
bit times past the last input transition. 


The TPS signal is used to gate the data-channel line 
driver from the TRxD signal to ensure proper opera- 
tion. Further, the VIH level of TRxD should be held 
between 1.8V and 2.4V. In the example shown in 
Figure 2 this is accomplished by using a 100n pull- 
down resistor on the output of the AND' gate 
(74F08), which is used to gate the data channel with 
TPS. 


Collision Detect 


Collision detection in the twisted pair environment 
occurs from simultaneous transmission and recep- 
tion on the twisted pair wires. This is indicated by the 
assertion of both TPS and RTS. The simple logic 
circuit shown in Figure 2 can detect such collisions. 


Interface 
Example 


Figure 3 shows a typical DTE implementation circuit. 
When designing this type of circuit, considerable at- 
tention must be paid to power supply noise reduc- 
tion, capacitive decoupling, and the layout of the line 
driver/receiver to the interface connector (RJ-45). 


REPEATER 
MODE 


Operation 
in Repeater 
Mode 


The 82504TA can be used when the DTE pin is not 
.asserted. There are two principal differences in this 
mode of operation. First, the deassertion of CRS is 
not synchronized to RxC-this, 
on the average, al- 
lows CRS to deassert one bit time earlier. Second, 
TPEN assertion occurs.two bit times earlier than in 
DTE mode. 


Application 
Example 


A repeater design using the 82505TA Multiport Re- 
peater controller (MPR) requires the services of an 
82504 TSI. The TSI provides the Manchester decod- 
er and clock recovery for the MPR. Figure 4 shows 
the appropriate interface circuitry. 
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PREDISTORTION 
CONTROL 
LINE 
DRIVER 
ANALOG SUBSECTION 
RJ-4S 


1 


82S0-4TA 


TR~T t-•....--+-n 


290212-4 


TR~T 1-1-•... 
-+-11 


PDC I--<t-+--+-II 


2 


TPENt----------~I-.....J 


82S0-4TA 


Figure 1. Transmit 
Section 


290212-6 


ANALOG SUBSECTION 
RJ--4S 


TRDn 


TCSn 1----- 
...• 


DC 
THRESH- 
OLD 


RETRIGGERABLE 
ONE SHOT 


Figure 2. Receive 
Section 
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OTE = High 
ClK 
(20 
t.4Hz) 


RxO 1+-------1 
TRxO 


nmlng 
Recovery 
and 
t.4anchester 


Decoding 
TPS 


TRt.4T 


Transmitter 


Control 
lPEN 


PDC 


Yss 
290212-8 


Figure 3. DTE Interface 
Application 
Diagram 


AUI 
Processor 


TRxO 
TRxO 


TPS 
TPS 


t.4CV 
t.4CV 
8250.TA 
TSI 


RxC 
RxC 


RxO 
RxO 
OTE 
- 


TPOIO 


TPCIO 


82505TA 
t.4ultlport 
Repeater 
(t.4PR) 


AUIO 


AUIC 


AUICOT 
290212-9 


Figure 4. Repeater 
Interface 
Application 
Diagram 
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ABSOLUTE 
MAXIMUM 
RATINGS* 
NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 
Ambient 
Operating 


. 
Temperature 
(TA) 
O°C to + 70°C 


Storage Temperature 
- 40°C to + 125°C 


Power Dissipation 
.400 mW 


Voltage 
on any Pin 
with Respect 
to Ground .... 
- 0.5V to vcc + 0.5V 


'WARNING: 
Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


CHARACTERISTICS 


DC Characteristics 
TA = O°C to + 70°C, vcc = 5V ±10%, 
vss = O.OV 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage 
-0.5 
0.6 
V 


VIH 
Input High Voltage 
2.0 
VDD +0.5 
V 


VOl 
Output Low Voltage 
0.5 
V 
IOL = 25 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -25 
mA 


Icc 
Power Supply Current 
40 
mA 
vcc = 5.0V 
(No Load)' 


tee 
Power Supply Current 
80 
mA 
vcc = 5.0V 
(Load) 


III 
Input Leakage Current 
10 
JJ.A 
VIH = 5.5V 


PD 
Power Dissipation 
0.20 
W 
vcc = 5.0V 
(No Load)' 


PD 
Power Dissipation 
0.4 
W 
vcc = 5.0V 
(Load)' 


tr 
Output Rise and 
5 
ns 
CLOAD = 20 pF 
tf 
Fall Time 
5 
ns 
CLOAD = 20pF 


'Not including excessive output buffer loads. 
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DECODER 
TIMING 
CHARACTERISTICS 
(Measurements 
are from 50% 
points, 
unless otherwise 
noted.) 


Symbol 
Parameter 
Mln 
Max 
Units 


t1 
RxC High to CRS Asserted 
3 
19 
ns 


t2 
CRS Asserted 
to RxC Low 
. 
17 
40 
ns 


DTE: RxC High to CRS Deasserted 


- , 


3 
19 
t3 
ns 


t4 
DTE: CRS Deasserted 
to RxC Low 
, 
. 
20 
65 
ns 


t5 
DTE: CRS Deasserted 
to RxC High 
195 
345 
ns 


t6 
RxC High Pulse Width as Captured 
Data Clock 
36 
45 
ns 


t7 
RxC Low Pulse Width as Captured 
Data Clock 
38 
80 
ns 


t8 
RxC Period as Captured 
Data Clock 
78 
124 
ns 


t9 
RxC High Pulse Width as Free Oscillating 
Clock 
43 
73 
ns 


t10 
RxC Low Pulse Width as Free Oscillating 
Clock 
172 
276 
ns 


t11 
RxC Period as Free Oscillating 
Clock 
215 
349 
ns 


t12 
RxD Transition 
to RxC High 
-5 
5 
ns 


t13 
RxC Low to RxD Transition 
- 
30 
85 
ns 


t14 
RxD Transition 
to RxC Low 
I 
r 
30 
50 
ns 


t15 
TRxD Midbit Transition 
to Rxe Low 
86 
130 
ns 


t16 
TPS Asserted 
to TRxD Sampled 
-5 
20 
ns 


t17 
TRxD Preamble Transition 
to CRS Asserted 
53 
95 
ns 


t18 
DTE: Beginning 
of IDL to CRS Deasserted 
(Last Bit = 0) 
230 
320 
ns 
DTE: Beginning 
of IDL to CRS Deasserted 
(Last Bit = 1) 
280 
390 
ns 


t19 
Repeater: 
Beginning 
of IDL to CRS Deasserted 
(Last Bit = 0) 
180 
220 
ns 
Repeater: 
Beginning 
of IDL to CRS Deasserted 
(Last Bit = 1) 
170 
220 
ns 


t20 
Midbit to Midbit Transition 
on TRxD 
80 
120 
ns 


t21 
Boundary to Midbit Transition 
on TRxD 
30 
70 
ns 


Negative-Transition 
CRS Timing Relative 
to RxC 
~_I-.~~:_t2 ~__~~ 


-d'---tl -- 
290212-10 
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DTE Positive-Transition 
CRS Timing Relative 
to RxC 


290212-12 


RxC Timing Measurements 
(Captured 
Data Clock) 


tlO 
290212-13 


,RxC Timing Measurements 
(Free Oscillating 
Clock) 


t11 


-- 
t9 ------- 


RXO 


-- I.t12 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 


1-' 


1 
1 
1 


1 
1 
1 
1 
1 
~'.J: 
1 
1 
1 
1 
1 
i. 


1 


~ 


1 


t14 
t13 
290212-14 


RxD Timing Relative 
to RxC 
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Latency-Definition 
Timing Measurements 


I' 


t15 
'I 


TRXO 
I 
C 
/ , 
/ L 


RXC 


RXO 
, 


290212-15 


Start-of-Packet 
Timing Measurements 


TPS 
1~t16 
______ I~:--------~------------------------------ 
__' 
B_LINOBLC=EiST PREA~Bru 
_ 


--POISREGARO.lt 
< t16 
I 


290212-16 


TRXO 


RXO 
1---__ 
- 
r-t17 
--:----------,1'------------ 
j 


290212-17 


D~E End-of-Normal-Packet 
Timing Measurements 


TRXO 


t18 


, 
, 
, 
:J 


I 
, 
, 
, 
, 
, 
, 


I 
I 
, 
, 
I 
, 
, 
, 
, 
, 
, 
, 
, 
I 
, 
, 
I 
, 
, 
I 
, 
, 
, 
, 
, 
, 
, 
I 
, 
, 
, 
, 
I 
I 
, 
, 
, 
, 
, 
, 
, 
, 
, 
I 
, 
, 


" 
, 


RXO: 
0, 
:; 
;.......J 
: ,-.;-----i---~I 


TRXO 
~ 
''--- 


_---- 
~I_'~~~~~_t1_9 
_Jj~--~------ 
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Repeater 
CRS Timing Relative 
to IDL 
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- 
- 
- 
- 
to TxC Transition 
I 
,:),' 


t26 
TxD Hold Time with Respect 
0 
ns 


to TxC Transition 
- - 
_. - 


t27 
RTS Hold Time with Respect 
0 
ns 
to TxC Transition 


t28 
RTS Deassertion 
Clocked 
- 
,..--.~. 
340 
440 
ns 
to TPEN Deassertiont 
.-~ 


REPEATER 


v 
.-.~~- 


t29 
Data Clocked 
to TxO to Data 
100 
210 
ns 
at Output TRMT (Latency) 


t30 
RTS Assertion 
Clocked 
to 
. ~ 
140 
260 
ns 
TPEN Assertion:j: 


t31 
TxD Setup Time with Respect 
20 
ns 
toCLK 
High 


t32 
RTS Setup Time with Respect 
20 
ns 
toCLK 
High 


t33 
TxD Hold Time with Respect 
0 
ns 
toCLK 
High 


t34 
RTS Hold Time with Respect 
0 
ns 
toCLK 
High 


t35 
RTS Deassertion 
Clocked to 
340 
460 
ns 
TPEN Deassertiont 


OUTPUT 
CHARACTERISTICS 
. 
, 


t36 
Maximum 
Deviation 
from the Ideal 50 ns 
1.5 
ns 
Strobe Point for TPEN, TRMT ITRMT, 
and PDC 


t37-t38 
TRMT ITRMT 
Worst Case Duty Cycle 
-3 
3 
ns 
Mismatch, 
10 pF Load 


t39 
TxC High Time 
40 
60 
ns 


t40 
TxC Low Time 
. . 


40 
60 
- 
ns 


NOTES: 
• DTE start-of-packet 
delay: 2.5 bit times 
of data are masked 
after RfS is asserted 
by dela~ 
TEN assertion. 


t End of Packet: 
2.5 bit times 
of data are transmitted 
beyond RfS deassertion 
by allowing 
TEN to remain 
asserted. 


:t Repeater 
start-of-packet 
delay: 0.5 bit times of data are masked 
after RfS is asserted, 
by delaying 
TEN assertion. 
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rrr • 
I 
IT 


I 
IT 


DTE Start-ot-Packet 
J RTS DE-ASSERnON 
CLOCKED 


11' ••" rs ctocxro 
RTS III S RTS DE-ASSERTED 


_____ 
I_~~IN----~----- 


'I 
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TXD 
D 


I' 
t23 


TPEN 


TRt.lT 


TRt.lT 


PDC 


I 
1 
_ 


t20-EFsr-U-T----_--- 
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DTE End-of-Packet 
J RTS DE-ASSERTION 
CLOCKED 


--+-, - 
L RTS DE-ASSERTED 


~D :l 
~ 
~ 
~__~ 
_ 
~I·-----t28------I 


TRt.lT 
1 
_ 


TRt.lT 
I 
1 
_ 


'PDC~ 
290212-21 


Repeater 
Start-of-Packet 


CLK 


~D __ 
-;-_ 
~~-=--=--=-=I 
~ 
DATA I1 
I. 
" 
t29 


I 
t 
_ 


:- 
t30 ---.j 
r-= DATA OUT 
___ 
-----II"-------L....I 
_t:::::....-I---'I---C 


1,,-------1 
I 
C 


TRt.lT 
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Repeater 
TxD and RTS Setup Time 


ClK .-J 
~ 
I 
~ 
I 


1 
I-- 
t33 
·1· 
·1 t31 


TXD 
1 
+-------------------- 
I-- 
t34 
·1· 
·1 t32 
-----------+----~------------------------------- 
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Repeater 
End-of-Packet 


ClK 


, 
RTS DE-ASSERTION 
CLOCKED 
'Fe 
' 
, 
----------~------~~! 
, 
: 
RTS DE-ASSERTED 


TXD ~~~~-----~~------+------------ 
: 
I' 
t35 
~-~i,----------------- 
__________~:----------~----------~--------~----------~------.Jif, 
___...xtx=xtx=x! 
, 
~------~--------------~------------ 


, 
, 
'~--------~----------~--------~~--------------- 
TRMT 
=: 
, 
, 
,~--------~----------~--------~----------------- 
, 
, 
, 
J\' 
, 
, 


PDC 
I 
I 
I 
/ 
~:----------~:----------~:---J 


TRMT 
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Worst-Case 
Duty Cycle Mismatch 


TRMTjtRMT 
290212-26 


TxC Pulse Width 
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OUTLINE 
DIAGRAM 


24-Pln Plastic DIP 
Dimensions 
are in inches and (millimeters) 


\ 


1+.------ 
1.270 (32.26) 
~AX --".-'------1.\ 
24 
• 
I 
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28-Pin Plastic SOJ 
Dimensions 
are in inches and (millimeters) 


0.710 (18.03) ------.1 
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~ARK 
ON 
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SIDE 
UP 
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'--1 I-- 0.020 
(0.81) 
~AX 
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MULTIPORT REPEATER CONTROLLER (MPR) 
• Complies 
with IEEE 802.3 CSMA/CD 
• Pin-Selectable 
FIFO Fill Level 
Standard 
for Repeaters 
(Std ANSIIIEEE 
• Jam Signal Generation 
802.3c-1988) 


10-Mb/s 
Operation 
• Eight-Bit 
Blinding Timer at End of 
• 
Transmission 
• Allows Up to Eleven Twisted 
Pair Ports 
• LED Output Control 
of Critical 
Network 
and One AUI Port 
Parameters 
• Supports 
Up to Four Cascaded 
- 
Traffic 
Status 
Repeaters 
-Jam 
Status 
• Automatic 
Preamble 
Regeneration 
- 
Per-Port 
Jabber 
Status 
- 
FIFO Error Status 
• Auto-Partitioning 
for System 
Fault 
Single S-V Supply, and Low-Power 
Isolation 
• CMOS Processing 
• Minimum 
Frame-Length 
Enforcement 
Pin Compatible 
with the AT&T T7200 
(96 bits) 
• 
• Performs 
Manchester 
Encoding 
of 
Transmitted 
Data 


The 82505TA 
Multiport 
Repeater 
controller 
(MPR) is a VLSI device 
designed 
for use in 10-Mb/s 
CSMAlCD 
Twisted 
Pair Ethernet 
repeaters. 
The 82505TA 
combines 
with a single 82504TA 
Transceiver 
Serial Interface 
(TSI) chip to handle all necessary 
multiport 
repeater 
functions. 
The MPR controller 
provides 
automatic 
pream- 
ble regeneration 
to minimize 
bit loss, Manchester 
encoding 
of transmitted 
data, jam signal generation, 
and 
minimum frame length enforcement 
(96 bits). The MPR supports 
fault isolation 
by providing 
lockup control 
and 
auto-partitioning 
jabber 
timing. The MPR/TSI 
combination 
supports 
up to eleven twisted 
pair ports for direct 
connection 
to twisted 
pair client 
stations, 
file servers, 
repeaters, 
bridges, 
and gateways. 
In addition, 
the set 
supports 
one AUI port for interfacing 
twisted 
pair networks 
to existing 
Ethernet 
(IEEE 802.3 TYPE 10BASE5) 
or Cheapernet 
(IEEE 802.3 TYPE 10BASE2) 
networks. 
The MPR offers pin selectable 
FIFO fill levels and LED 
output control 
of traffic 
status, jam status, per-port 
jabber status, and FIFO error status for simplified 
network 
management 
and 
diagnostics. 
The 
82505T A Multiport 
Repeater 
controller 
is fabricated 
using 
low-power 
CMOS technology, 
and is available 
in a 68-lead 
plastic 
leaded chip carrier 
package 
(PLCC). 


Manufactured 
and tested 
for Intel by AT&T 
in accordance 
with AT&T 
internal 
standards. 


@Intel 
Corporation, 
1969 


@AT&T,1969 
1-300 
April 
1989 
Order 
Number: 
290213-001 
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82505T A Multlport 
Repeater 
Block Diagram 
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68-Pin PLCC Pin Configuration 
(Top View) 
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PIN DESCRIPTIONS 


Symbol 
Pin No. 
Type 
Name and Function 


NC 
1 
- 
Not Connected. 


FILL 
2 
I 
FIFO Fill Level: This pin controls 
the number of bits loaded into the 


I 
\ 
internal or external 
FIFa before the bits are unloaded. 
When low, 


the fill level is seven. When high, the fill level is eight. This pin is 
connected 
to an internal pull-up device. 


NC 
3-7 
- 
t-Iot Connected. 


TESTaO 
8 
a 
Device Test Outputs: These pins are used in conjunction 
with 
TESTa1 
9 
a 
TESTO and TEST1 to facilitate 
device testing. 
During normal 
operation 
these pins are not connected. 


VSS 
10- 
Ground: O.OV.All ground pins must be connected 
together. 
- 


PDO-PD3 
11-14 
a 
Port to Disable: Address 
of port to disable when traffic is received. 


PDCTL 
15 
o 
. Port Disable Control: When low it indicates 
that the port selected 
by PDO-PD3 
is to be disabled. 
When high it indicates 
that all ports 
should be enabled. The Port Disable address is invalid when PDCTL 
is high. This pin remains low as long as the Port Disable address 
pins are valid. 


LO 
16 
a 
LED Status Indicator: 
Part of address bus for LED status 
indicators. 


VCC 
17 
- 
S-V Supply: All VCC pins must be connected 
together. 


L1-L3 
18-20 
a 
LED Status Indicators: 
Part of Address 
bus for LED Status 
Indicators. 


LEDCTL 
21 
0 
LED Control: When low it indicates 
that the LED selected 
by LO-L3 
is turned on. When high it indicates 
that the LED is turned off. 


LEDSTRB 
22 
0 
LED Strobe: This pin pulses low when the LED address 
and control 
pins are valid and an LED status is updated. 


CLKOUT 
23 
0 
20-MHz TTL Clock Output: This pin is a buffered version of CLK. 


VSS 
24 
- 
Ground: 0.0 V. All ground pins must be connected 
together. 


TPS 
25 
0 
Twisted 
Pair Sense: This pin indicates 
presence 
of carrier to the 
TSI. It is high while valid Manchester 
data is being received. 
If the 
repeater 
is sending jam, or is blinding inputs, this pin is driven low. 


TRxD 
26 
0 
TSI Received 
Data: Manchester 
data from the repeater 
front-end 
to the Manchester 
decoder. 


TRMT 
27 
a 
Transmit 
Output: Retimed 
Manchester 
complement 
to all ports 
(including 
the AUI port). 


TRMT 
28 
a 
Transmit 
Output: Retimed 
Manchester 
data to all ports (including 
the AUI port). 


PDC 
29 
0 
Predistortion 
Control: Active low. This signal is used to reduce 
jitter in a twisted 
pair environment 
by preventing 
overcharge. 
This 
pin is asserted 
for the first 50 ns of any pulse on the TRMT pair. 


This allows the T-P line drivers to reduce their output voltage during 
the last 50 ns of 100-ns Manchester 
pulses. PDC will not produce 
glitches during consecutive 
50-ns pulses. 
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PIN DESCRIPTIONS 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


TPEN 
30 
0 
Transmit 
Port Enable: 
TPEN is low when TRMT and TRMT 
contain valid data, jam, or IOL. 


VSS 
31 
- 
Ground: 
0.0 V. All ground pins must be connected 
together. 


ClK 
32 
I 
System 
Clock: 
20-MHz 
± 0.01 %, 50% nominal, 40/60% 
worst- 
case duty cycle. 


TESTO 
33 
I 
Device 
Test Control: 
If either pin is low, internal test circuitry 
is 
TEST1 
34 
I 
enabled to facilitate 
device testing. 
If both pins are high the repeater 
operates 
normally. These pins are connected 
to internal 
pull-up 
devices. 


RESET 
35 
I 
Device 
Reset 
(Schmltt 
Input): 
A high on the pin causes the device 
to reset. RESET must be low for normal operation. 


AUICRS 
36 
I 
AUI Carrier 
Sense (Schmitt 
input): 
A high on this pin indicates 
the 
presence 
of a carrier on the AUI port. AUICRS must be active high 
for at least 2.5 ± 0.5 successive 
2X clock samples 
(1 to 1.5 bits) for 
the repeater 
to recognize 
valid AUI carrier. 


TCSO-TCS10 
37-47 
I 
Twisted 
Pair Carrier 
Sense (Schmltt 
Input): 
A high on any of 
these pins indicates 
the presence 
of carrier on that port. TCSn must 
be active high for at least 2.5 ± 0.5 successive 
2X clock samples 
(1 
to 1.5 bits) for the repeater 
to recognize 
valid T-P carrier. 


AUICOT 
48 
I 
AUI Collision 
Detected: 
A low on this pin indicates 
the presence 
of 
a collision 
at the AUI port. AUICOT must be active low for at least 
1.5 ± 0.5 successive 
2X clock samples 
(0.5 to 1.0 bits) for the 
repeater 
to recognize 
valid AUI collision. 


AUIRxO 
49 
I 
AUI Receive 
Data: Received 
Manchester 
data from the AUlline 
receiver. 


TR09- 
TR010 
50-51 
I 
Twisted 
Pair Receive 
Data: Received 
Manchester 
data from the 
twisted pair line receivers. 


VOO 
52 
- 
S-V Supply: 
Pin 17 must be connected 
to this pin. 


TROO-TR08 
53-61 
I 
Twisted 
Pair Receive 
Data: Received 
Manchester 
data from the 
twisted pair line receivers. 


VSS 
62 
- 
Ground: 
0.0 V. All ground pins must be connected 
together. 


CRS 
63 
I 
Carrier 
Sense: 
A low on this pin indicates 
that the Manchester 
decoder 
(TSI) is receiving 
a valid packet. 


RxC 
64 
I 
Receive 
Clock: 
Recovered 
clock from the TSI decoder. 


RxO 
65 
I 
Receive 
Data: Recovered 
NRZ data from the TSI. 


MCV 
66 
I 
Manchester 
Code Violation: 
A low on this pin indicates 
that a 
Manchester 
violation 
was detected 
by the TSI. COT must be active 
low for at least 1.5 ± 0.5 successive 
2X clock samples 
(0.5 to 1.0 
bits) for the repeater 
to recognize 
collision. 
The repeater 
enters the 
transmit 
collision 
global state when a violation 
is detected. 


NC 
67-68 
- 
Not Connected. 
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82505 
Io4PR 
AUI INTERFACE 


8250. 
TSI 
AUIRxD 


AUICRS 


TRxD 
TRxD 
AUICDT 
AUI 


TPS 
TPS 
TRIo4T 
3 
Io4CV 
Io4CV 
TRIo4T 


CRS 
CRS 
TPEN 


RxC 
RxC 
TP PORT" 


RxD 
RxD 
3 


PDC 


TROll 


LEDF 
TCS" 


LED8 


LED7 
PDC 


TRD1" 


LED" 
TCS1" 
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Typical 
System Configuration 


8250.TA 
PREDISTORnON 
CONTROL 
ANALOG SUBSECnON 
RJ.5 


1 


LINE 
DRIVER 


TRIo4Tt-~--+-n 


TRIo4Tt-+-•..... 
-+..II 


PDCt-~+--+-II 


TPEN~------~--~~~ 


Transmit 
Section 
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82504TA 
74f08 
ANALOG SUBSECTION 
RJ-45 


3 


DC 
THRESH- 
OLD 


TRDn 


RETRIGGERABLE 
ONE SHOT 
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TCSn1-----...• 


Receive Section: Port n 


FUNCTIONAL 
DESCRIPTION 


The Use of State Diagrams 


State diagrams are used throughout the Functional 
Description section of this data sheet to facilitate 
concise descriptions. The state diagrams are mo- 
delled after-and 
use the same terminology-those 
used in the CSMAlCD repeater standard (ANSI/ 
IEEE Std 802.3c-1988). Each state diagram is as- 
sumed to represent an independent process; each 
process communicates by using interprocess flags. 
Furthermore, the state diagrams are intended to 
convey the external operation of the MPR, they do 
not necessarily describe the internal circuitry. For 
example, the 
state diagrams imply independent 
Transmit timers for each port, while in fact, only one 
timer is used. 


The 82505TA state diagrams adhere to the IEEE 
standard as closely as possible; however, several 
departures from the standard have been made to 
account for the inclusion of some of the Twisted Pair 
MAU's internal functions. Should the state diagrams 
conflict with the text in this section, the state dia- 
grams should be given preference. 


TIMERS 


Several timers and counters are implemented in the 
82505TA MPR, they are described in the following 
two sections. 


Timer Tw1. Tw1 is the wait timer for the end-of- 
transmit recovery time (blinding timer), its duration is 
eight bit times. When the repeater finishes transmit- 
ting a packet, Tw1 prevents the repeater from re- 
ceiving that transmission as a new activity. 


Timer Tw2. Tw2 is the wait timer for the end-of-car- 
rier recovery time, its duration is three- bit times. 
When AUICDT is detected making a positive tran- 
sition, Tw2 prevents the repeater from prematurely 
detecting the real end-of-collision signal. 


Timer Tw3. Tw3 is the wait timer for length of con- 
tinuous output, its duration is 65,536 bit times. It is 
started when transmission of a packet begins. If Tw3 
expires before transmission of the packet is com- 
pleted the repeater enters the MAU jabber lockup- 
protection condition, and interrupts the transmission 
for a period equal to Tw4. 


Timer Tw4. Tw4 is the wait timer for time to disable 
output for jabber lockup protection, its duration is 96 
bit times. When Tw4 is active, transmission to all 
ports is suspended until the timer expires. The MAU 
lockup LED is turned on at the next LED counter 
interval, this indicates that transmission is suspend- 
ed. 


Timer TwS. Tw5 is the wait timer for length of pack- 
et without collision, its duration is 512 bit times. It is 
started when a port becomes active. If a collision is 
detected before Tw5 expires, the collision count for 
that port is augmented, and the port Tw6 is begun. A 
separate Tw5 is implemented for each port, includ- 
ing the AUI port. 
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Timer Tw6. Tw6 is the wait timer for excessive 
length of collision, its duration is 1024 bit times. It is 
begun if a collision is detected before Tw5 expires. If 
the collision condition still exists when Tw6 expires, 
the port on which the violation occurred is parti- 
tioned (the receiver is disabled). A separate Tw6 is 
implemented for each port, including the AUI port. 


COUNTERS 


Counter CC. CC, the collision counter, maintains a 
record of the number of consecutive collisions for a 
particular port. If the collision limit is reached on a 
port, that port is partitioned (the receiver is disabled). 
A separate CC, with a limit of 31, is implemented on 
each port, including the AUI port. 


Counter TT. TI, the transmit timer counter, main- 
tains a record of the number of bits transmitted to 
any given port; its duration is 96 bit times. If the total 
number of bits transmitted to a port is less than 96 
(due to the reception of a fragmented packet), the 
repeater will enter the receive collision global state 
and will transmit jam until TI expires, thus extending 
the frame to ~ 96 bits. 


The TI counter is cleared when the repeater enters 
the transmit collision global state. This ensures that 
at least 96 bits of jam are transmitted to all ports 
before the repeater enters the one remaining port, or 
blind states from the transmit collision state. 


Global State Machine 


A single global state machine is implemented for the 
MPR. The state diagram assumes multiple twisted 
pair ports and one AUI port. 


Auto-Partition 
and Reconnection 


The optional auto-partition and reconnection algo- 
rithm described in SC. 9.6.6.2 of the ANSIIIEEE Std 
802.3c-1988 is implemented in the 82505TA MPR 
chip. Each port, including the AUI port, is provided 
with an individual partition state machine. The state 
machine for the AUI port corresponds to that de- 
scribed in the standard. The machines for the T-P 
ports have been modified to reflect the inclusion of 
several MAU functions; the operation of the machine 
at the MOl interface remains unchanged. 


RESET 


The repeater unit is reset when RESET (pin 35) is 
asserted high. When the 82505TA is reset, the re- 
peater unit disconnects all ports and performs a 


lamp test by cycling through each lED address with 
lEOCTl 
low. All lE Os will remain on (lamp test 
state) for as long as RESET is held high. Minimum 
RESET high is 2 /Ls (40 ClK cycles), to ensure a 
device reset. The 2 /Ls also allow the repeater unit to 
cycle through each lED address at least once. 


At the end of a reset (RESET goes low), all jabber, 
collision, and FIFO error indicators are turned off, 
but the traffic status indicator is left on (it blinks 
when packets arrive). 


The repeater unit is fully operational when it exits 
reset. 


Automatic Preamble Generation 


Automatic Preamble Generation (APG) prevents the 
preamble from shrinking as a frame is passed from 
repeater to repeater. This shrinking, or loss of bits, is 
due to the bit cost of determining the presence of a 
carrier and synchronizing the Manchester data for 
NRZ data and clock recovery. 


The APG circuit compensates for the bit loss by be- 
ginning transmission of new preamble bits before 
the FIFO limit is reached. When bits from the incom- 
ing frame reach the FIFO limit they are synchronous- 
ly switched into the awaiting pretransmitted pream- 
ble. If the logic polarity of the first bit out of the FIFO 
is not the value expected, an extra preamble bit is 
transmitted. This prevents corruption of the pream- 
ble pattern when the transmitted bit stream is 
switched from the APG generator to the FIFO data. 


The delay between carrier detection and start of 
APG depends on the FIFO fill level selected, and the 
type of active port. 


The delay for a T-P port is such that the number of 
preamble bits added by the repeater is equal to the 
number of bits (± 1 bit) lost while detecting the 
frame. That is, the latency of bits through the repeat- 
er equals the delay of preamble start introduced by 
the repeater. If the FIFO fill level (Fill) 
is changed, 
the delay for start of APG is automatically changed 
to compensate for the new latency of the FIFO. 


For the AUI port, the bit loss in detecting the frame 
can range from one to eight bits. Therefore, the be- 
ginning of APG caused by the AUI port is dependent 
only a a carrier detection, and is not delayed. This 
allows the repeater unit to recover a maximum of 
three bits lost by the attached MAU in frame detec- 
tion. 


The leading edge of the first preamble bit transmit- 
ted by the repeater (as seen on the line) indicates 
the beginning of a 100-ns positive voltage (TIl 
logic 1). 
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LED STATUS 
INDICATOR 
ADDRESSES 


82505TA 


L3 
L2 
L1 
LO 
Address 
Description 
Asserted 
LED State 


0 
0 
0 
0 
0 
TPP 0 Partition Jabber 
On 


0 
0 
0 
1 
1 
TPP 1 Partition Jabber 
On 
0 
0 
1 
0 
2 
TPP 2 Partition Jabber 
On 


0 
0 
1 
1 
3 
TPP 3 Partition Jabber 
On 


0 
1 
0 
0 
4 
TPP 4 Partition Jabber 
On 
0 
1 
0 
1 
5 
TPP 5 Partition Jabber 
On 
0 
1 
1 
0 
6 
TPP 6 Partition Jabber 
On 
0 
1 
1 
1 
7 
TPP 7 Partition Jabber 
On 
1 
0 
0 
0 
8 
TPP 8 Partition Jabber 
On 
1 
0 
0 
1 
9 
TPP 9 Partition Jabber 
On 
1 
0 
1 
0 
A 
TPP 10 Partition Jabber 
On 
1 
0 
1 
1 
B 
AUI Partition Jabber 
On 
1 
1 
0 
0 
C 
FIFa 
Error 
On 
1 
1 
0 
1 
0 
Traffic 
Off 
1 
1 
1 
0 
E 
Jam' 
On 
1 
1 
1 
1 
F 
MAU Lockup Protection 
On 


LED Controller 


• This indicates 
the transmission 
of jam for collision, 
packet 
fragments, 
and FIFO errors. 


Port Disable Controller 


The 
LED controller 
contains 
a 21-bit 
counter 
(105 
ms at 20 MHz). At each 105-ms interval, the control- 
ler loads the status of each event into a shift register 
and shifts the status out as LEDCTL. 
If the port indi- 
cates a change 
in status from the previous 
interval, 
the 
appropriate 
LED 
is 
toggled. 
Thus, 
for 
each 
event, the minimum 
time an LED is on or off is 105 
ms, and the LED will not change 
state until an addi- 
tional 
105 ms have elapsed. 


The status indicators, 
with the exception 
of the jab- 
ber indicators 
(address 
0 to 11), have a 50% 
duty 
cycle when 
they are asserted 
(105 ms on, 105 ms 
off). The jabber 
indicators 
will remain on for as long 
as the affected 
ports 
are partitioned 
(Receive 
dis- 
abled). 


The following 
table 
shows 
the addressing 
used for 
the LED status indicators. 
An LED is turned on by a 
negative 
pulse on LEDSTRB 
when 
LEDCTL 
is low. 
An 
LED 
is. turned 
off 
by 
a 
negative 
pulse 
on 
LEDSTRB 
when LEDCTL is high. 


A status 
LED interface 
using two 74LS259 
address- 
able latches 
is shown 
in the following 
figure. 


The 
upper 
LED 
address 
bit 
(L3) 
is 
gated 
with 
LEDSTRB 
to 
provide 
the 
strobe 
signal 
to 
each 
74LS259 
device. The CLEAR input is tied high since 
the repeater 
will initialize the latches 
during the LED 
lamp test. 


The Port Disable Controller 
determines 
which port is 
receiving 
valid data, and outputs 
an address 
associ- 
ated with that 
port. 
External 
circuitry 
uses this ad- 
dress to disable 
outgoing 
traffic 
on that port. 
. 


The controller 
is designed 
to be used with a 4-to-16 
line decoder, 
with the address 
pins connected 
to the 
address 
inputs, and PDCTL 'and TPEN connected 
to 
the gating 
inputs. 


If PDCTL is high the address is not valid and all ports 
should be enabled. 
PDCTL goes active low after the 
repeater 
unit outputs 
a valid 
port address, 
and re- 
mains low for as long as that port address 
is valid. 


If the repeater 
is sending 
jam to all ports 
but one, 


and then must send jam to all the ports, the positive- 
going 
edge of PDCTL 
will coincide 
with the begin- 
ning of a 100-ns positive voltage 
(TTL logic 1) at the 
TRMT output pin. The following 
table shows the ad- 
dress associated 
with each port. 
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~ 
LlI~a.UI'='/",\UI i-on 
1 
1 
0 
0 
C 
Not Assigned 
1 
1 
0 
1 
0 
Not Assigned 
1 
1 
1 
0 
E 
Not Assigned 
1 
1 
1 
1 
F 
Not Assigned 


+5V 


+5V 
y 


CLEAR 
~'"" 
00 - 
D 
01 
• 
+5V 
- 
02 
J ~ 
G 
'LS259 03 · 
- 
L3 I- 
0<4 · 
L2 
C 
05 ·~, 
L1 
B 
06 
~ 
LO 
A 
07 - 


82505TA 
+5V 


MPR 


~ 


+5V 
y 


LEDSTRB 
CLEAR lJ~ 


LEDCTL 
00 
D 
01 
• 
+5V 
- 
02 
4> ---, :) 
G 
'LS259 03 · 
- - 
0<4 · 
'-- 
C 
05 ·~, 
'--- 
B 
06 


A 
07 I--- 


TPO JAB 


~ 
TP7 JAB 


TP8 JAB 


"" 
MAU LOCK 
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LED Interface 
Using Two 'LS259 Addresssble 
Latches 
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RESET 
1 
! 


I 


Idle-O 


OUT(ALL) = Iple 
I 


Dataln(>1) 
= Active • 
Collln(AUI) = SQE 


I 


Dataln( ONLY1) = Active • 
Collln(AUI) = SQE 


:IN - 
Port(Oataln = Active») 


Collln(,~UI) = SQE 


:IN - 
Port(AUI)) 


SEND DATA-1 


OUT(ALLXN) = Data 
I 


I 


TPOataln(ANYXN) = Active + 
ICollln(AUI) = SQE· 


Port(AUI) '" N) 
TP Manchester 
Violation + 


Delayed AUI Manchester 
Violation + 
FIFO Error 


TRANSMITCOLLISION- 3 


OUT(ALL) = Jam 


([TPDataln(ONLY1) = Active· 
Collln(AUI) = SQE)+ 
[TPOataln(ALL) = Idle· 
Collln(AUI) = SQE]}· 
TT(ALL) 2: 96 


:[1.1 - 
Port( Collln = SQE+ 
TPDataln( ONLY1 = Active))] 


ONE PORT LEFT- 4 


OUT(ALLXM) = Jam 


[Collln(AUI) = SQE· 
{Collln(AUI) 
.,. M)+ 


'---- 
TPOatain(ANYXM) = Active 


TPDataln(ALL) = Idle· 
Dataln(N) = Idle· 
Collln(AUI) = SQE· 


TT(ALLXN) 2: 96 • 
AIlDataSent 
- 


ICollln(AUI) = SQE• 
Port(AUI) =, N) + 


[Oataln(N) = Idle • 
Collln(AUI) = :;QE • 
TT(ANYXN)«96) 


TPDataln(ALL) = Idle • 
Collln(AUI) = SQE· 
TT(ALL) 2: 96· 


Tw2Done 


RECEIVECOLLISION- 2 


OUT(ALLXN) = Jam 


Tw1Dane 
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TPDataln(Any) = Active + 
ICollln(AUI) = SQE· 


Port(AUI) '" N) 


lPDataln(ALL) = Idle • 
rlOtaln(N) = Idle· 
~:ollln(AUI) = SQE" 


H(ALLXN) 2: 96 • 


~~ne 


. 


BLlND- 5 


OllT(ALL) = Idle 
EnableTw1 
TPDataln(ALL) = Idle ., Collln(AUI) = SQE· 


Dataln(M) = Idle·, Tw2Done 
1 
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Global State Diagram for Multiple TP Ports and One AUI Port 
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RESET 
+ 
1 


COUNT CLEAR- 0 
------------------ 
1 
CC(AUI)=O 
• 
• 
Dotaln(AUI) = DIPresent(AUI) 


Collln(AUI) = CIPresent(AUI) 
COLLISION COUNT IDLE- 1 
--------------------- 
Dotaln(AUI) = DIPresent(AUI) 


DIPresent(AUI) = Idle" 
Collln(AUI) = CIPresent(AUI) 


CIPresent(AUI) = SQE 
DIPresent(AUI) = Idle + 
CIPresent(AUI) = SQE 


1- 
• 


WATCH FOR COLLISION- 2 
--------------------- 


PARTITIONWAIT- 4 
Dotaln(AUI) = DIPresent(AUI) 
---------------- 
Collln(AUI) = CIPresent(AUI) 
Dotaln(AUI) = Idle 
EnableTw5 
, 
Collln(AUI) = SQE 


\ 


DIPresent(AUI) = Idle" 
, 
DIPresent(AUI) = Idle" 


CIPresent(AUI) = SQE 
CIPresent(AUI) = SQE" 


~ 
CIPresent(AUI) = SQE 
PARTITIONHOLD- 5 
DIPresent(AUI) = Idle" 
--------------- 
CIPresent(AUI) = SQE" 
Dotln(AUI) = Idle 
Collln(AUI) = SQE 
, 
TW5Done 


DIPresent(AUI) = Idle + 


CIPresent(AUI) = SQE 
COLLISION COUNT INCREIAENT- 3 
-------------------------- 


PARTITIONCOLLISION WATCH- 6 
CC(AUI) = CC(AUI) + 1 
------------------------- 
Dotaln(AUI) = DIPresent(AUI) 
Dotaln(AUI) = Idle 
Collln(AUI) = CIPresent(AUI) 
Collln(AUI) = SQE 
EnableTw6 
EnableTw5 
c_ 


CC(AUI)~31 
+ 
DIPre.ent(AUI) 
= Idle" 


DIPresent(AUI) = Idle" 
(CIPr•• ent(AUI) = SQE" 
CIPresent(AUI) = SQE· 


CIPresent(AUI) = SQE 
CIPresent(AUI) = SQE 
Tw6Done) 
CC(AUI) < 31" 
Tw6Done 


Tw5Done·, 
DIPresent(AUI) = Idle" 
CIPresent(AUI) = SQE 


WAIT TO RESTOREPORT- 7 
----------------------- 
Dataln(AUI) = Idle 
• 
Collln(AUI) = SQE 
CC(AUI) =0 
I 


DIPresent(AUI) = Idle", 
CIPresent(AUI) = SQE 
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Partitioning 
State Diagram for AUI Port 
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R1ET 
l 
1 
COUNT CLEAR- 0 
J. 
l 


CC(X) =0 
COLLISION COUNT- 1 


Datoln(X) = DIPresent(X) 
-------------------- 


Dotoln(X) = DIPresent(X) 


DIPresent(X) = Idle 
DIPresent(X) = Idle 


WATCH FOR COLLlSION-2 
J. 
J. 
--------------------- 


PARTITIONWAIT- 4 
Datoln(X) = DIPresent(X) 
---------------- 
EnobleTw5 
Datoin(X) = Idle 


= 


11 
DIPresent(X) = Idle 
TPEN(X) = Active • 
DIPresent(X) = Idle 
DlPresent(X) = Idle 
! 
Tw5Done 


PARTITIONHOLD- 5 
---------------- 
Dotoln(X) = Idle 
COLLISION COUNT INCREt.4ENT- 3 
-------------------------- 


I 
_ 


CC(X) = CC(X) + 1 


DIPresent(X) = Idle 
Dotoln(X) = DIPresent(X) 


EnobleTw6 


PARTITIONCOLLISION WATCH- 6 
------------------------- 


Dotoln(X) = Idle 
EnobleTw5 
CC(X)~31 
+ 
DIPre.ent(X) 
= Idle • 


Tw6Done 
CC(X)<31 


TPEN(X) = Active· 
DIPresent(X) = Idle 
DIPresent(X) = Idle 


Tw5Done 


WAIT TO RESTORE- 7 
----------------------- 


Datoln(X) = Idle 


CC(X) = 0 


DIPresent(X) = Idle 
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Partitioning 
State Diagram for T·P Port x 
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RESET 


RESET! 
-I- 
-I- 


IDLE 
--------------- 
, 


DlsobleOut = ON 


I 


lOUT(ANY) 
= Idle 


TIh4EOUTPUT 
---------------- 


DlsobleOut = ON 
EnableTw3 


OUT(ALL) = Idle I 
1Tw-3Done·, OUT(ANY) = Idle 


DISABLE OUTPUT 
---------------- 


DisobleOu\ = ON 
EnableTw4 


I 
Tw4Done 
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1 
,&. 


IDLE 
--------------- 


Tw2S0E=ON! 
Collln(AUI) = SOE 


ARM 
--------------- 


Tw2S0E=ON! 
Collln(AUI) = SOE 


TIMING 
---------------- 


Tw2S0E=ON 
EnableTw2 


I 
Tw2Done 


MAU Jabber 
Lockup Protection 
State Diagram 


! 


\ 


,&. 


TT IDLE 


I 


--------------- 
: 
TT(X) =0 


lout(X) 
= Idle·, B~ Transmitted 
,&. 


COUNTING 
--------------- 


TT(X) = TT(X) + 1 
1 


HOLD 
--------------- 


TT(X) 


Bit Transmitted I 
I 
Out(X)"; 
Idl. + 
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Tw2 State Diagram 


RESET 


Global State X- 
Tccllsn 
290213-14 


Transmit 
Timer State Diagram 
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CHARACTERISTICS 


DC Characteristics 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Vll. 
Input low 
Voltage 
-0.5 
0.8 
V 
- 


VIH 
Input High Voltage 
2.0 
VOO + 0.5 
V 
- 


VOl 
Output low 
Voltage 
- 
0.5 
V 
IOl = 1.6 mA 


VOH 
Output High Voltage 
2.4 
- 
V 
IOH = -0.4mA 


Ice 
Power Supply Current 
- 
75 
mA 
vcc = 5.5V 


III 
Input leakage 
Current (TIl) 
- 
10 
/LA 
VIH = 5.5V 


III 
Schmitt 
Inputs 
- 
10 
/LA 
VIH = 5.5V 


III 
Inputs with Pull-Up 
- 
500 
/LA 
VIH = 5.5V 


PD 
Power Dissipation 
(25°G) 
- 
0.33 
W 
vcc = 5.0V 


PD 
Power Dissipation 
(O°G) 
- 
0.4 
W 
Vcc = 5.0V 


ABSOLUTE 
MAXIMUM 
RATING* 
NOTICE: This data sheet centains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 
Ambient 
Operating 
Temperature 
(Ta) ..... 
O°C, 70°C 


Storage Temperature 
-40°C, 
+ 125°C 


Power Dissipation 
400 mW 


Voltage 
On Any Pin 
with Respect 
to Ground 
..... 
-0.5V, 
vcc + 0.5V 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


CLOCK 
AND RESET TIMINGS 


Symbol 
Description 
Min 
Max 
Unit 


t1 
Clock period 
49.995 
50.C05 
ns 
t2 
Clock high 
20 
30 
ns 
t3 
Clock low 
20 
30 
ns 
t4 
Clock rise time 
- 
10 
ns 
t5 
Clock fall time 
- 
10 
ns 
t6 
ClKOUT 
propagation 
delay 
10 
Hi 
ns 
t7 
RESET pulse width 
40 
-. 
ClK 


I 
I 


t1 
~t2-l--t3-O 


ClK 
7 
" 


.J 
14 


--Il-t4 
H5 


~ 
~ 


ClKOUT 
~ 
7 


R~rr~ 
)- 


t7 
290213-15 


Clock and Reset Timing 
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TRANSMIT 
TIMINGS 


Symbol 
Description 
Min 
Max 
Unit 


t8 
Delay from CRS low to TPEN low. 
T-P Port, FILL = 0 (FIFO fill = 7 bits) 
5 
6 
bits 
T-P Port FILL = 1, (FIFO fill = 8 bits) 
6 
7 
bits 
AUI Port, FILL = x (FIFO fill = don't care) 
4.5 
5 
bits 
t9 
AUICDT low to TPEN low 
4 
5 
bits 
t10 
Multiple Carrier' 
to TPEN low 
5 
6 
bits 


, Carrier is any of TCSX or AUICRS 


Normal Packet 


SINGLE 
CARRIER 


GLOBAL 
@ 
'1' 
STATE 
~~~ 
\V~ 
_ 


290213-16 


GLOBAL 
MACHINE 
STATES: 
O. Idle 
1. Send 
Data 


Start of Transmission 
Timing (Normal 
Packet) 


GLOBAL 
MACHINE 
STATES: 
O. Idle 
1. Receive 
Collision 
2. Transmit 
Collision 


Receive 
Collision (RC) 


1-----t9---..j 


GLOBAL 
~@!L__===:::=:L 
__ 
~'2'L__ 
STATE 
\61 
290213-17 


Transmit 
Collision (TC) 


MULTIPLE 
CARRIER 
".., 


1-----tl0----I 


TPEN 


GLOBAL 
@ 
'3' 
STATE 
~~__===:::=:L __ 
~\:ij~ 
__ 
290213-18 


Start of Transmission 
Timing (Collision 
Conditions) 
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Manchester 
Encoder 
Timing 


Symbol 
Description 
Min 
Max 
Unit 


t11 
Clock high to TPEN low 
4 
22 
ns 
t12 
Clock high to TPEN high 
4 
22 
ns 
t13 
Clock high to PDC low 
4 
22 
ns 
t14 
Clock high to PDC high 
4 
22 
ns 
t15 
Clock high to TRMT high 
4 
22 
ns 
t16 
Clock high to TRMT low 
4 
22 
ns 
t17 
TRMT rise time 
1 
7 
ns 
, 


t18 
TRMT fall time 
1 
7 
ns 
t19 
Clock high to TRMT low 
4 
22 
ns 
t20 
Clock high to TRMT high 
4 
22 
ns 
t21 
TRMT fall time 
1 
7 
ns 
t22 
TRMT rise time 
1 
7 
ns 


ClK 


TRt.lT ------Hl 
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Manchester 
Encoder 
Timing 
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Manchester 
Encoder 
Timing 
Relationships 


Symbol 
Description 
Min 
Max 
Unit 


t23 
TPEN low to TRMT low 
1 
- 
bits 
t24 
TRMT high to TPEN high 
2.5 
3.0 
bits 
t25 
TRMT high to TRMT low 
0 
5 
ns 


t26 
TRMT low to TRMT high 
0 
5 
ns 


TPEN~ 
F 


PDC 
~ 
/\ 
I~-~----- 


TRt-lT 
0 
t2310r---\..rl 
r-\. 
~•.. 
:----t24----o' 
:ff--t25'\...../--l~ 
'\...../1 


TRt-lT----' 


BIT 
BIT 
BIT 
BIT 


290213-20 


BIT 
BIT 
BIT 
BIT 
BIT 
BIT 


Manchester 
Encoder 
Timing Relationship 


RECEIVER 
AND TSI INTERFACE 
TIMINGS 


Carrier 
and Energy 
Timings 
(No Errors) 


Symbol 
Description 
Mln 
Max 
Unit 


t27 
Carrier hold time 
14 
- 
ns 
t28 
Carrier setup time 
10 
- 
ns 
t29 
Clock high to TPS high 
20 
30 
ns 
t30 
Clock high to TPS low 
20 
30 
ns 
t31 
Carrier high to TPS high 
4 
5 
ClK 
t32 
Carrier low to TPS low 
2 
3 
ClK 


SINGLE 
CARRIER 
_ 


elK 


t31~t29 
---~III------- 
TPS--------' 
290213-21 


Carrier and Energy Timing (NO Errors) 
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Data and TRMT Timings 


Symbol 
Description 
Min 
Ma)( 
Unit 


t33 
TPS high to TRXD valid 
5 
12 
ns 
t34 
TPS low to TRXD high 
5 
12 
ns 
t35 
Datat 
to TRSD delay 
5 
35 
ns 
t36 
TRXD rise time 
1 
7 
ns 
t37 
TRXD fall time 
1 
7 
ns 
. . 
tOata 
refers 
to the data signal (either 
TROx or AUIRxO) 
from the active 
receiving 
port . 


OATA· 
'-- 
__ 
' 
.••••__ 
-'T'--~::x 
x: 
_ 


T:::------~~------~--~~----~I~~------ 


290213-22 
"Data 
refers 
to the data signal 
(either TROx or AUIRXO) 
from the active 
port. 


Data and MRXD Timing 


Decoded 
NRZ Data Timings 


Symbol 
Description 
Mln 
Mal[ 
Unit 


t38 
RxC high to CRs low 
5 
19 
ns 
t39 
RxC high to CRS high 
5 
19 
sn 
t40 
Time between 
CRS low 
16 
- 
bits 
t41 
RxC period 
78 
- 
ns 
t42 
RxClow 
30 
- 
ns 
t43 
RxChigh 
36 
- 
ns 
, 


! 
t44 
RXD setup time 
40 
- 
ns 
I 


t45 
RXD hold time 
30 
- 
ns 


~t_38~1~:::t-4-1~~~~~~:----~~----------;t~3-9~~I 
t40~ 


~~ 
RxC ___ 
JI 


~-...;....---""\,----~r-S -- 
~ 
';;';"';; 
...J ~--~S-S 
-- 
RxO------_ ..... 
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Decoded 
NRZ Data Timing 
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AUI COLLISION INTERFACE 


CDT and AUICDT Timing Relationship for AUI Port 


Symbol 
Description 
Min 
Max 
Unit 


t46 
Delay for MCV low 
10.5 
11 
bits 
t47 
MCV low to AUICDT low for T-COllSN 
9.5 
- 
bits 
t48 
MCV low to AUICDT low for R-COllSN 
- 
9 
bits 


AUICOT 
I 


IjCV 


1~~~~~~ 
J;..:... 
-+I--- I\_4_~ 
__ 
'1 
Ijcv( 
X~ 
_ 


TRANswrr 
COLUSION 
(re) 
1\47 


~ 
~ 
- \ 
GlOBAl--.,;:.....---..:...+---------::"',,?, 
"',-~-\r 
V-~'3'::--- 
ST••.TE 
+- 
~'1J~_ 
-_,,-_.:::"":...._ 


RECEIVE COLUSION 
(RC) -\48"1 
-.,;:..... _ 


G~~~~----------~G),,?, 
•.• 
~~~~__ 
.:::@:.... 
_ 
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GLOBAL 
MACHINE 
STATES: 
1. Send 
Data 
2. Receive 
Collision 
3. Transmit 
Collision 


MCV, AUICDT Timing Relationship for AUI Port 


Port Disable Control Timings 


Symbol 
Description 
Mln 
Max 
Unit 


t49 
Clock high to port address valid 
20 
30 
ns 
t50 
Clock high to port address invalid 
20 
30 
ns 
t51 
Clock high to PDCTl low 
20 
30 
ns 
t52 
Clock high to PDCTl high 
20 
30 
ns 
t53 
Port address valid to PDCTl low 
2 
- 
ClK 
t54 
PDCTl high to port address invalid 
1 
- 
ClK 
t55 
PDCTl low to TPEN low 
4 
- 
ClK 
t56 
TPEN high to PDCTIhigh 
19 
- 
ClK 


" 


ClK 


P03-POO 
__ 
-'I' 
_-+....;.=:....._-l~ __ 
-+....;.=:....._.Ji'o__ 
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Port Disable Control Timing 
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Port Disable Timing (One Port Left) 


Symbol 
Description 
Min 
Max 
Unit 


t57 
PDCTl 
high to port address invalid 
1 
- 
ClK 


t58 
Port address valid to PDCTl 
low 
-2 
- 
ClK 


t59 
PDCTI high to TRMT low 
. 1 
- 
bits 


PD3-POO 
_'.~ 
~-'I'~-------------------'·~------ 


@ 
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GLOBAL 
MACHINE 
STATES: 
O. Idle 
1. Send Data 
3. Transmit 
Collision 
4. One Port Left 
5. Blind 


Port Disable Timing (One Port Left) 


LED Control Timing 


Symbol 
Description 
Min 
Max 
Unit 


t60 
Clock high to address valid 
20 
30 
ns 
t61 
Clock high to address invalid 
20 
30 
ns 
t62 
Clock high to lEDCTl 
valid 
20 
30 
ns 
t63 
Clock high to LEDCTL invalid 
20 
30 
ns 
, 


t64 
Clock low to LEDSTRB 
low 
20 
30 
ns 
t65 
Clock low to lEDSTRB 
high 
20 
30 
ns 
t66 
LEDSTRBlow 
1 
- 
ClK 
t67 
Time between 
strobes 
1 
- 
CLK 


ClK 


i.s-t,o 
e~I'__+------V..A..l..ID_+----_+~ 
••••• 


lEDCTl 
VALID 
VALID 
------------~!~~-------+--~~~ 


~------t":"'~~I---t67-~ 
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LED Control Timing 
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LED Timing 
Relationship 


Symbol 
Description 
Min 
Max 
Unit 


. t68 
LED update duration 
1.6 
- 
/-Ls 
t69 
interoperation 
time 
105 
- 
ms 


290213-28 


LED Timing Relationship 


OUTLINE 
DIAGRAM 


Dimensions 
are in Inches 


0.003R lYP. 
PIN1~ 
~!2. 
- 
..!. 
1 


1'\ 


18[ 
]68 


19[ 
~67 
I 
! 
I 
I 


i 
I 
0.99 
lYP 


I 
I 
0.953 
lYP. 


I 
i 


I 
I 
33[ 
]53 


34[ 
]52 


~~ 
.~ 


0.060 
WIN.fLAT 


o 
LO.006WAX. 


0.035R 


35 36 
50 
51 


290213-29 


1-320 


0.006R 


82506TB 
TWISTED PAIR MEDIUM ATTACHMENT 
UNIT (TP MAU) 


• 
Complies 
with IEEE 802.3 10BASE-T 
Draft 11 for Twisted 
Pair Interface 


• 
Conforms 
to IEEE 802.3 Standard 
for 
Attachment 
Unit Interface 
(AUI) 


• 
Direct Interface 
to AUI and Twisted 
Pair Isolation 
Transformers 


• 
On-Chip Line Drivers and Receivers 


• 
LED Drivers for Transmit, 'Receive, 
COllision, and Jabber 
Status 


• 
Generates 
Internal 
Predistortion 
Signal 


• 
Resetable 
Jabber 
Function 


• 
Selectable 
Link Integrity 
(LI) Function 


• 
Selectable 
Signal Quality Error (SQE) 
Function 


• 
Low-Power 
CMOS Technology 


• 
Single S-V Supply 


• 
28-Lead 
Plastic DIP and SOJ Packages 
(See Packaging 
Spec Order No. 231369) 


The 82506TB 
Twisted 
Pair Medium 
Attachment 
Unit (TP MAU) 
is intended 
for local 
area 
network 
(LAN) 
designs 
that 
interface 
the 
IEEE 802.3-1988 
AUI cable 
to the twisted 
pair wire 
(10BASE-T). 
It offers 
LAN 
designers 
a cost-effective, 
integrated 
solution 
to the problem 
of upgrading 
existing 
standard 
Ethernet* 
net- 
works to twisted 
pair. The 82506TB 
complies 
with IEEE 802.3 AUI specifications 
and IEEE 802.3 
10BASE-T 
Draft 11 specifications. 
The device 
incorporates 
the interface 
circuitry 
and both the AUI and twisted 
pair line 
drivers and receivers 
in a low-power 
CMOS package. 
The 82506TB 
TP MAU internally 
generates 
predistortion 
signals to eliminate 
line overcharge 
and improve jitter performance. 
It provides 
selectable 
1OBASE- T features 
for simplified 
network 
management, 
including 
selectable 
signal quality error (SQE) test, link integrity 
test, and 
jabber 
protection. 
In addition, 
the 82506TB 
TP MAU supports 
LED status 
indicators 
for transmit, 
receive, 
jabber, 
and collision. 
It is fabricated 
using CM OS-process 
technology 
and is available 
in 28-lead 
plastic 
DIP 
and 28-lead 
SOJ packages. 


Tlt.lE OUT 


TRtolT 
HDAT 
AUI 
HDAT 
RECEIVER 
PRE- 
LINE 


AND 
ACTIVITY 
DISTORT 
DRIVER 
LDAT 
TRt.lT 
SQUELCH 
LDAT 


RCV 
AUI 
DRIVER 
RD 
RCV 
LINE 
RECEIVER 
RD 


LTTE 


CLSN 
AUI 


CLSN 
COLLISION 


LID 


XTAL 
DTE 
XLED 
CLED 
RLED 
JLED 
290260-13 
Figure 1. 82506TB 
TP MAU Block Diagram 


Manufactured 
and tested 
for Intel by AT&T 
in accordance 
with AT&T 
internal 
standards, 


*Ethernet@ 
is a registered 
trademark 
of Xerox Corporation. 


© INTEL CORPORATION, 1990 
© AT&T, 1990 
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Vss 
vcc 


TRI.lT 
RO 


TRI.lT 
iffi 


OTE 
TEST 


LID 
lITE 


RCV 
VSS 


RCV 
HOAT 


ClSN 
lOAT 


ClSN 
lOAT 


VCC 
HOAT 


VSS 
VCC 


JLEO 
XlED 


XTAl 
RlED 


VSS 
ClED 
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Figure 
2. 82506TB 
Pinout 


TABLE 
1. 82506TB 
Plnout 
Description 


Symbol 
Pin No. 
Type 
Name and Function 


Vss 
1 
- 
Analog 
Ground. 


TRMT, TRMT 
2,3 
I 
Transmit 
Data. A differentially 
driven input tied to the DO pair 


~. 
of the transceiver 
cable. The transmit 
pair of the transceiver 
cable supplies 
10-Mb/s 
Manchester 
encoded 
data. These 
pins must be isolated with a pulse transformer. 
End of Packet 
(Eap) 
is detected 
when a positive transition 
has not occurred 
for 200 ns. 


DTE 
4 
I 
Data Terminal 
Equipment. 
A strapping 
option, which when 
tied high (Vccl 
enables generating 
a SQE-test 
signal at the 
end of each packet (as required for DTE applications). 
When 
DTE is tied low (Vss) the SQE test is disabled, 
but the collision 
circuit remains enabled for use in repeater 
applications. 
When 
the DTE is floated, an internal pull-up biases the signal high. 


LID 
5 
I 
Link Integrity 
Disable. 
A strapping 
option, which when tied 
high (Vccl 
disables the link integrity function 
of the TPMAU. 
When link integrity is enabled, the receive traffic indicator 
remains on when the receive twisted pair link is present. 


RCV,RCV 
6, 7 
a 
Receive 
Data Pair. A differential 
output pair that drives the DI 
pair of the AUI cable with 1O-Mb/s 
Manchester 
encoded 
data. 


These pins must be isolated from the AUI transceiver 
cable 
with a pulse transformer. 


CLSN,CLSN 
8,9 
a 
Collision 
Presence 
Pair. A differential 
output pair that drives 
the Cl pair of the AUI cable with a 1O-MHz (± 15 %) signal 
when simultaneous 
activity exists on the TRMT and RD pairs. 


These pins must be isolated from the AUI-transceiver 
cable 
with a pulse transformer. 


Vcc 
10 
- 
Power. 
Digital, 5 V. 


Vss 
11 
- 
Ground. 


JLED 
12 
a 
Jabber 
Indicator. 
Indicates that the watchdog 
timer has 
timed out and the twisted pair drivers have been disabled. 
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TABLE 
1. 82506TB 
Pinout 
Deecription 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


XTAL 
13 
I 
Crystal 
In. A 20-MHz clock input. This signal can be driven by 
a 20·MHz, parallel-resonant 
crystal or a MOS level clock with 
a 60/40 
duty cycle. 


VSS 
14 
I 
Ground. 
For XTAL (Pin 13) and indicator 
output drivers. 


CLED 
15 
0 
Collision 
Indicator. 
Indicates that a collision 
has been 
detected 
by the TP medium attachment 
unit. 


RLED 
16 
0 
Receive 
Indicator. 
Indicates that a reception 
from the 
network is in progress. 


XLED 
17 
0 
Transmit 
Indicator. 
Indicates that a transmission 
onto the 
network 
is in progress. 


VCC 
18 
Power. 
5 V. 


- 
_. 
- 


HDAT, HDAT 
19,22 
0 
TP Transmit 
Pair Drivers. 
These four outputs constitute 
the 
LDAT,LDAT 
20,21 
twisted-pair 
drivers, which have predistortion 
capabilities. 
The 
HDAT /HDAT 
outputs generate 
the 10-Mb/s 
Manchester 
encoded 
data. The LDAT/LDAT 
outputs mirror the HDAT/ 
HDAT outputs except for "fat" 
bit occurrences. 
During the 
second 
half of a "fat" 
bit (either high or low), the LDAT /LDAT 
outputs are inverted with respect to HDAT /HDAT 
outputs. 


This signal behavior 
reduces the amount of jitter by preventing 
overcharge 
on the twisted-pair 
medium. 


LTTE 
24 
1 
Lower 
TP Threshold 
Enable 
(Active 
Low). 
For 1OBASE- T 
compatible 
operation 
this pin must be left open. But, if this pin 
is grounded, 
the TP receiver threshold 
is lowered by 
approximately 
4.5 db from the nominal 
1OBASE- T required 
specification. 
By using this lower-threshold 
option and by 
selecting 
different 
compensation 
resistor values for wave- 
construction 
circuits, a customized 
interface 
is possible for 
non-10BASE-T 
applications. 
However, 
once this lower 
threshold 
is invoked, 
the wiring used must not be a bundled 
system (e.g., 25 pair) where other services 
reside (e.g., voice, 
other 10BASE-T 
users, etc.). 


TEST 
25 
I 
Test. This pin is used for testing; it should be connected 
to 
vss during normal operation. 


RD,RD 
26,27 
I 
TP Receive 
Pair. The differential 
twisted pair receiver. The 
receive pair is connected 
to the twisted 
pair medium and is 
driven with 1O-Mb/ s Manchester 
encoded 
data. 


Vcc 
28 
- 
Analog 
Power. 
5 V. 
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11 


TRMT 
HDAT 
WAVE 


11 


HDAT 
CONSTRUCT 


LDAT 
AND 
TRMT 
fiLTERS 
LDAT 


RCV 
AUI 


11 


RJ-45 


RCV 


VCOIol 


CLSN 
8 


11 


RD 


11 
2 
FILTERS 


CLSN 
5 
Ri) 
(PIN 
10) 
VCC 
0 


Vss 
6 
DTE 
+5V 


(PIN 
11) 
LID 
+5V 
(PIN 
28) 
VCC 
T 


VSS 
B 
XLED 
+5V 
(PIN 
1) 
"- 


(PIN 
18) 
VCC 
RLED 
+5V 


(PIN 
23) 
VSS 
"- 


XTAL 
CLED 
+5V 


"- 


10 pF 


VSS 
JLED 
+5V 


(PIN 
14) 
"- 
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Figure 3. Typical 
System Configuration 


RCV 
"DII[ *,oo~: 
"": 
RCV 


78A :t 


CLSN 
I 
100pF 


IEEE 802.3 
~ 
COMPATIBLE 
PULSE 
TRANSFORMER" 
290260-17 


'Required 
transformers 
are the Pulse Engineering 
Inc. (PE64503). 
TDK Corp. 
(TLA·100-3E). 
Coilcraft 
(LAXET304 
or L0323-A). 
or equivalents. 


Figure 4. Typical 
Load Output on the Outputs. of RCV IRCV 
and CLSN/CLSN 
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FUNCTIONAL 
DESCRIPTION 


82506TB 


Overview 


The 82506TB provides the transmit, receive, and 
collision detection functions specified by the IEEE 
802.3 
committee 
for 
the 
10BASE-T 
Draft 
11 
(P802.31/D11) specification for a 10-Mb/s, CSMAI 
CD, twisted-pair Ethernet. The 82506TB is used as 
the interface between the attachment unit interface 
(AUI) signals and the twisted pair. Two strapping op- 
tions are available. 
• Link Integrity Disable (LID). When the LID 
strapping option is enabled (driven high), the link 
integrity function is disabled. When driven low 
link pulses are transmitted on the twisted pair me: 
dium in the absence of data transmissions. In ad- 
dition, the receiver expects to' see link pulses in 
the absence of receive data. If no receive data or 
link pulses are received within 100 ms ± 50 ms 
the 82506TB will enter a link fail state. When LID 
is floated an internal pull-up biases the signal 
high. 


• Data Terminal Equipment (DTE). When the 
DTE strapping option is enabled (driven high) the 
SQE test sequence is transmitted to the DTE af- 
ter every successful transmission on the twisted 
pair network. 


The 82506TB simplifies network management and 
troubleshooting by providing four status indicator 
LED drivers that monitor traffic on a node and report 
transmit, receive, collision, and jabber conditions. 


Figure 3 is an example of a typical system configura- 
tion. 


Transmit 
Path (AUI to TP) 


The transmit portion of this component transfers 
data from the AUI to the twisted-pair analog filters. It 
also loops back the data to the RCV pair, 
• AUI Receiver. The TP MAU receives transmit 
data from the data terminal equipment on the 
transmit pins(TRMT/TRMT) of the AUI-DO circuit 
(as defined by the IEEE802.3-1988 specification). 
The 82506TB then transmits the data onto the 
twisted-pair cable via the twisted-pair drivers. The 
AUI transmit inputs must be transformer coupled 
to the TRMT/TRMT pins. For best operation the 
AUI signal should be dc biased to a com;"on 
mode voltage of VCC/2. 
The squelch circuit rejects (filters) all signals with 
an amplitude less than 160 mV or a pulse width 
less than 20 ns. A signal with an amplitude great- 
er than 300 mV and a pulse width greater than 75 
ns is accepted and turns off the squelch filter. 


The squelch filter remains off until an IDL pulse is 
detected or until the input does not exceed the de- 
tection threshold for 500 ± 100 ns. 
• AUI 
Receive 
Signal 
Levels. 
The 
receiver 


(TRMT/TRMT) is able to recognize differential 
signals as small as 300-mV peak. Internal circuit- 
ry samples the common mode voltage to provide 
full differential signal detection. 


• TP Driver Characteristics. The drivers (HDAT/ 
HDAT and LDAT/LDAT) output CMOS logic lev- 
els with a source resistance less than 10 0. and 
maximum current rating of 25 mA dc. All TP out- 
put driver pins are driven low as a result of any of 
the following. 


• Reception of an IDL signal. 
• A jabber condition is detected. 
• Activation of a link failure. 
• TRMT pair input fails to cross the detection 
threshold for 500 ± 100 ns. 


When the driver detects the end of an IDL pulse on 
the TRMT pair, a timer of not more than 5 bit times 
(BT) is started. Activity on the TRMT pair is ignored 
until this timer expires. 


Receive Path (TP to AUI) 


When a RD signal is present, the receive circuit of 
the 82506TB transfers data from the RD pair input to 
the RCV pair output. 


• AUI Driver Characteristics. This driver differen- 
tially drives a current onto the load connected be- 
tween the RCV and RCV pins. The current 
through the load results in an output voltage be- 
tween ± 0.6 V and ± 1.2 V measured differential- 
ly between the two pins. An external resistor 
(780.) and capacitor (100 pF) must be connected 
for proper termination, as shown in Figure 4. This 
output is in accordance with the IEEE Spec 802.3 
Sec.7.4.1 for MAUs. When the driver detects that 
it has finished sending an IDL pulse to the AUI it 
starts a timer of not more than 5 BT. Activity on 
the RD pair is ignored when this timer is function- 
ing. 
• TP Receiver Threshold. The TP receiver is con- 
nected to the output of a band limiting filter. The 
filter's input is transformer coupled to the twisted 
pair. The receiver is able to recognize differential 
signals as small as 350 mV peak. An external 
biasing circuit must provide a common mode volt- 
age of VCC/2. The differential input impedance of 
the RD pair is 20 ko. ± 20%. Internal circuitry 
generates a dual-level bias voltage to determine 
proper signal level thresholds and prevent recep- 
ti?n. of spurious signals from the network (this is 
similar to a squelch function). 
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soa Test (Heartbeat) 
When the signal level at the RD input falls below 
-500 
mV, with respect to the common mode 
voltage ± 10%, the data path is activated and 
the received signal is passed to the AUI cable. 
At the beginning of a reception the bias level at 
the RD input is reduced to - 350 mV with re- 
spect to the common mode voltage ± 10% 


Collision 


The collision detection portion of the 82506TB sen- 
ses the simultaneous presence of data on the TRMT 
and RD pins. It reacts by transmitting a 10-MHz 
square wave on the CLSN pair of the AUI cable. This 
signal is a periodic waveform of 10 MHz ± 15%, 
with a duty cycle no worse than 40/60 or 60/40. It is 
transmitted within 9 bit times after the component 
detects a collision (as specified by 10BASE-T Draft 
11, Sec.14.2.1.3). If the receive pair becomes active 
while the transmit pair is active, the loopback data 
on the RCV pair switches from transmit data to re- 
ceive data within 13 ± 3 BT from the assertion of 
the CLSN pair. If the RD pair goes active while the 
TRMT pair is active a collision condition will be de- 
tected and the SQE will continue for 7 ± 2 BT. If a 
collision condition exists where the TRMT pair has 
gone idle while the RD pair is still active, SQE can 
continue for up to 9 BT. 


The collision AUI driver differentially drives a signal 
onto the load connected between the CLSN pair. 


This driver differentially drives a current onto the 
load connected between the CLSN and CLSN pins. 
The current thro.ugh the load results in an output 
voltage between ± 0.6 V and ± 1.2 V measured dif- 
ferentially between the two pins. An external resistor 
(78 O,)and capacitor (100 pF) must be connected 
for proper termination, as shown in Figure 4. The 
output is in accordance with IEEE 802.3-1988 'Sec. 
7.4.1 for the AUI. 


Jabber (Watchdog 
Timer) 


The 82506TB supports a self-interrupt function that 
protects the network from a jabbering node (i.e., 
continuous transmission). The component provides 
a nominal window of 50 ms during the time a normal 
data link frame can be transmitted. If the frame 
length exceeds this duration, the component imme- 
diately inhibits all further transmission of that frame 
and activates the CLSN pair (as specified by IEEE 
802.3-1988 Sec. 8.2.1.5). When activity on the 
TRMT pair has ceased, the component continues to 
present the CSO signal to the CLSN pair for 0.5 s ± 
50%. The component then resets itself and returns 
to the idle state (as specified by the 10BASE-T Draft 
11 14.2.1.5).The transmission of link integrity pulses 
from the TP drivers is not inhibited when the TP 
MAU jabber is activated and link integrity is enabled. 


The SQE test begins within 11 ± 5 bit times after 
the TRMT pair detects the IDL signal. The SQE test 
duration is 10 ± 5 bit times. When the AUI-DO cir- 
cuit has gone idle after a successful transmission 
(without a collision), and the DTE input is high, the 
82506TB activates the CLSN pair to simulate a colli- 
sion. 


Link Integrity 


The link integrity function determines if the receive 
twisted-pair link is faulty. Enabling the function (LID 
tied to Vss) causes the RLED receive traffic indica- 
tor to display the status of the receive twisted-pair 
link. The link integrity function permits the active dis- 
abling of the transmit and loopback paths within the 
TP MAU component in response to a link integrity 
fault. The link integrity function monitors the RD pair 
for either data or link test pulses by providing a 100 
ms ± 50 ms window during which data or a link test 
pulse is expected. If this timer expires and the LID is 
off, the RLED indicator is turned off and the compo- 
nent's transmit and loopback capabilities are dis- 
abled. The 82506TB remains in a link fail state until 
after a data packet is received, or until after a se- 
quence of consecutive link test pulses are received. 
The sequence length is between two and ten pulses. 
If a pulse or receive traffic is detected within this 
window, the timer is reset and the RLED indicator 
remains on. 


The TP MAU also transmits link test pulses onto the 
transmit twisted pair link when link integrity is en- 
abled. In the absence of transmit traffic, a link test 
pulse is transmitted at a nominal rate of one pulse 
each 16 ms ± 8 ms. If the link integrity is disabled, 
the RLED indicator remains on in the absence of 
receive traffic, (data and link pulses). Received link 
test pulses are also ignored at the RD pair input. 


LED Status 


Four light-emitting diodes (LEDs) give the user a vi- 
sual indication of the MAU's status. The 82506TB 
provides the logic signals needed to drive the LEDs. 


• 
XLED. The following LED values (on or off) are 
used to indicate transmission (AUI) status. 
• The LED is normally on, which indicates no 
transmission is in progress. 
• The LED is off when a valid packet is transmit- 


ted. The duration of the off period is 100 ms ± 
10 ms. The minimum duration of the on period is 
4 ms while waiting for next valid packet trans- 
mission. 
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• RLED-With 
LID Disabled. The following LED 
values (on or off) are used to indicate reception 
(TP) status. 


• The LED is normally on, which indicates there is 
no receive traffic. 


• The LED is off when a valid packet is received. 


The duration of the off period is 100 ms ± 10 
ms. The minimum duration of the on period is 4 
ms while waiting for next valid packet receive. 
• RLED-With LID Enabled. The following LED val- 
ues (on or off) are used to indicate reception (TP) 
status. 
• The LED is normally on, which indicates no re- 
ceive traffic and successful reception of the link 
test pulse. 


• The LED turns off if no receive traffic or link in- 
tegrity signals have been received for more than 
0.5 s. This visually indicates a failure of a link 
segment. The LED remains off until a link test 
pulse, or receive traffic, is successfully detected, 
after which the LED is turned on with a minimum 
on time of 0.5 s. 


• If the link is working, the LED will be turned off 
when a valid data packet is received from the 
twisted pair. When a packet is received, the LED 
is turned off for a duration of 100 ms ± 10 ms, 
then the LED is turned back on. 


• The LED remains on for a minimum of 4 ms; it is 
turned off when the next packet is received. 
• CLED. The following LED values indicate colli- 
sion status. 
• The LED is normally off, which indicates no colli- 
sion. 


• The LED is turned on when a collision is detect- 
ed. It remains on for a nominal time of 15 ms ± 
5 ms, after which it is turned off. 


• The LED may be turned back on immediately 
upon detection of another collision. There is no 
minimum off time. 


• If a collision occurs while the LED is on, the LED 
remains on for the nominal time following the 
last detected collision. 


• JLED. The following LED values indicate the jab- 
ber status. 
• The LED is normally off, which indicates a no 
jabber condition. 


• The LED is turned on when the watchdog timer 
times out, and the TP drivers are disabled. It re- 
mains on until the jabber condition is corrected. 


• The LED is turned off after the watchdog timer 
counts out the 0.5 s ± 0.25 s reset time. 


The LED driver pulls the pin low to turn the LED on. 
Each LED driver can sink up to 15 mA of current, 
with an output impedance of less than 50 .o.. 


Clock Generation 


A 20-MHz, parallel-resonant crystal is used to con- 
trol the clock generation oscillator of the TP MAU. 
We recommend that the crystal meet the following 
specifications. 
• Quartz crystal 


• 20 MHz ± 0.01% 


• Parallel resonant with a 20-pF load fundamental 
mode with a maximum series resistance of 25 .o.. 


The crystal shunt and external capacitance should 
be less than 10 pF. The crystal should be connected 
adjacent to the 82506TB to the XTAL and Vss pins. 
The crystal shunt capacitance (CO) should not ex- 
ceed 5 pF. 


An external MOS-Ievel clock can be applied to the 
crystal oscillator input. A resistor should be added in 
series with the clock source to limit the amplitude of 
the voltage swing seen by the pin. A 500-.0.resistor 
works well in most cases. If users are concerned 
about the duty-cycle variation caused by driving the 
TPMAU with a clock source, the following test can 
be done on the bench to empirically determine the 
best resistor value for the user's application. 
• Place the part in dc test mode, as described in 
the Test Mode section of this document. 


• Attach an oscilloscope to the JLED pin. This pin 
outputs the internal clock source. 


• Alter the resistor value to obtain an optimal duty- 
cycle ratio. Experiments have shown that 
a 
500-.0.resistor works well for LS TTL logic levels; 
CMOS logic levels need a 1-k.o.resistor. 


Under no circumstances should the clock be driven 
straight into the TPMAU. Also, under no circum- 
stances should the clock stop, not even briefly, once 
power is applied to the TPMAU. If the clock to the 
TPMAU is stopped, power to the TPMAU must be 
removed to ensure proper behavior of the TPMAU. 


Strapping Options 


All strapping options are connected to internal pull- 
up resistors, (nominally 100 k.o.).A resistor tying a 
strapping option.low must be able to sink 70 /LA. 


Test Mode 


LED Drivers 
The 82506TB enters the ac or dc test mode when 
the test pin (TEST) is held high. The ac test mode is 
The typical LED circuit consists of an external resis- 
activated by also holding the DTE pin high; the inter- 
tor in series with the LED and connected the vcc. 
nal clock speeds are increased by three to reduce 
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the ac test time. The dc test is activated 
by holding 
the DTE pin low while TEST is held high. During the 
dc test the oscillator 
frequency 
and duty cycle 
can 
be tested 
on the 
JLED 
pin and the three 
internal 
clocks 
(ACK, BCK, and CCK) can be tested 
on the 
XLED, 
RLED,and 
CLED pins respectively. 
The AUI 
driver current 
can be measured 
with a 39-.0 resistor 
between 
the receive 
pair pins. 


Power Considerations 


There 
are 
seven 
power 
connections 
to 
the 
TP 
MAU-three 
pairs of vcc and Vss connections 
and 
a fourth VSS pin for the XTAL oscillator. 
Table 2 de- 


scribes 
which 
internal 
circuits 
are powered 
by each 
VcclVss 
pair. 


Table 2. INTERNAL 
CIRCUIT 


Pin No. 
Internal 
Circuits 


1,28 
Analog Supplies. Analog signal 
receivers, 
energy detection 
circuits, delay 
lock loop, and band gap reference. 


10,11 
AUI Output Drivers. 
Digital polycells, 
XTAL oscillator 
(Vcc only), and LED 
drivers (Vcc only). 


14 
GND only for XT AL oscillator 
and pins 15, 
16, and 17. 


18,23 
TP CMOS output drivers only. 


DC Characteristics 
TA = 0 to 70·C, vcc = 5 V ± 5% 


ELECTRICAL 
CHARACTERISTICS 
, 


Absolute Maximum Ratings 


Ambient Operating 
Temperature 
(TA) 
0 to + 70·C 


Storage Temperature 
-40 
to + 125·C 


All Output 
and Supply 
Voltages 


All Input Voltages 


- 0.5 V to vcc + 0.5V 


-0.5 
V to VCC + 0.5V 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VAIO 
Input Differential 
Voltage 
(AUI) 
0.300 
1.3 
V 


VTIO 
Input Differential 
Voltage (TP) 
0.350 
2.0 
V 
, 


VXTl 
XTAL Input Low Voltage 
0.4 
V 


VXCH 
XT AL Input High Voltage 
3.9 
V 


Vll 
Input Low Voltage 
0.2 
V 


VIH 
Input High Voltage 
4.0 
V 


VAOO 
Output Differential 
Voltae (AUI) 
0.600 
1.2 
V 


VTOl 
Output Voltage 
Low (TP) 
0.1 
V 
vcc = 5.0 V, Rl = 500.0 


VTOH 
Output Voltage 
High (TP) 
4.9 
V 
vcc = 5.0 V, Rl = 500.0 


VOl 
Output Voltage 
Low 
0.13 
V 
vcc = 5.0 V, Rl = 2000 .0 


VOH 
Output Voltage 
High 
4.87 
• 
V 
vcc = 5.0 V, Rl = 2000.0 


Rs 
TP Driver Series Impedance 
10 
.0 
vcc = 4.5 V, I = 25 mA (max) 


ICC 
Power Supply Current 
145 
mA 
VCC = 5.00 V 
with a Traffic 
Load 


PD 
Power Dissipation 
0.6 
W 
VCC = 5.0V 
...•..' 


with a Traffic Load 
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AC Timing Conditions 
1. TA = 0 to 70°C, vcc = 5 V ± 5%. 
2. Timing 
measurement 
points are 50% points unless otherwise 
noted. 


Clock Timing 


Symbol 
Parameter 
Mln 
Max 
Units 


- 
XTAL (or Oscillator) 
Frequency 
18 
22 
MHz 
tl 


t2 
XTAL High and Low Tjrnes 
22.5 
27.5 
ns 


Clock Timing 
• 


XTAL 
290260-2 


Transmit Timing 


Symbol 
Parameter 
Mln 
Max 
Units 


t3 
DTE Setup and Hold Time to TRMT Pair Active 
10 
- 
}JoS 


t4 
Transmit 
Start-up 
Delay 
0 
2 
bits 


t5 
Transmit 
Steady State Delay 
0 
2 
bits 


~ 
Transmit 
Start-up 
Delay Variability 
0 
2 
bits 


t7 
Loopback 
Start-up 
Delay 
0 
5 
bits 


ta 
Loopback 
Steady State Delay 
0 
1 
bits 


tg 
TD' 
Held High at End of Packet 
250 
350 
ns 


t10 
Incremental 
Transmit 
Jitter 
0 
3.5 
ns 


tll 
TRMT Pair Return to Idle to SQE Test 
600 
1600 
ns 


t12 
SQE Test Duration 
500 
1500 
ns 


"TO represents 
the differential 
voltage 
between 
the signals 
HOAT and HOAT 
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Transmit Timing: Start of Packet 


TO --+--- .......•. 


RCV -------i 


290260-3 


Transmit Timing: End of Packet 


DTE 
L 
t------t3--------..·1 


TR~T 
tlO='1 ~ r-tg-1 


TO 
~ 
1•••••• -..;.....---- 
Ir---t_~~- 


r-tll-+-t12~ 


RCV 


CLSN -----------. 
290260-4 
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Receive Timing 


Symbol 
Parameter 
Min 
Max 
Units 


t13 
Receive Start-up D~lay 
0 
5 
bits 


t14 
Receive Steady State Delay 
0 
2 
bits 


t15 
Receive Start-up Delay Variability 
0 
2 
bits 


t16 
Incremental 
Receive Jitter 
0 
1.5 
ns 


t17 
RD Pair Held High at End of Packet 
0 
300 
ns 


Receive Timing: Start of Packet 


RD 


RCV --------+ 


290260-5 


Receive Timing: End of Packet 


RD 


RCV 
290260-6 


Collision Timing 


Symbol 
Parameter 
Min 
Max 
Units 


t18 
Onset of Collision to CLSN Pair Assertion 
0 
900 
ns 


t19 
RCV Pair Source to RD after CLSN Assert 
0 
900 
ns 


t20 
End of Collision to CLSN Pair Return to Idle 
0 
900 
ns 


t21 
CLSN Pair High/Low 
Time 
40 
60 
ns 


t22 
CLSN Pair Frequency 
8.5 
11.5 
MHz 


1-331 


inter 
82506TB 


Collision Timing 


--<XXXXXXXXXXXXXXXX) 
I 
RD------~(X~XZXX~XQXZX~XXQXZX~XX~X~»------ 


-1118 r- 
-1 r-120 


CLSN ------<XXXXXXXXXXXX) 


-1 t19 r- 


TRMT 


Rev-~<XXXXXXXXXXXXXXXX»-- 
290260-7 


Collision Signal Timing 


1 


r_t2f1 __ 
r_,121_1_[--_122--1 
_ 
CLSN 
290260-8 


Jabber Protection 
Timing 


Symbol 
Parameter 
Mln 
Max 
Units 


t23 
Assertion 
of TRMT Pair to Jabber Inhibit 
45 
55 
ms 


t24 
Jabber Inhibit to CLSN Assert 
0 
900 
ns 


t25 
TRMT Idle to Jabber Inhibit Removed 
250 
750 
ms 


1-332 


inter 
82506TB 


Jabber Protection Timing 


290260-9 


TRtolT --<XXXXXXXXXXX>-------:-- 
t--- t23----l 


TO --<XXXXXXX>-~------- 
t24 -l I- I--- t25----, 


CLSN 
(XXXXXXXXXX>-- 
I-t31-1 


JLED 
I 
r- 


Link Integrity Timing 


Symbol 
Parameter 
Mlo 
Max 
Units 


t26 
Last TRMT Pair Activity to Link Test Pulse 
8 
24 
ms 


t27 
Link Test Pulse Width 
80 
120 
ns 


t28 
Last RD Activity to Link Integrity Fault Assert 
50 
150 
ms 


t29 
Minimum 
Idle Time Between 
Consecutive 
Leakbeat 
Reception 
6 
8 
ms 


t30 
Maximum 
Idle Time Between 
Consecutive 
Leakbeat 
Reception 
24 
150 
ms 


t31 
JLED Turn-on Time 
- 
10 
/Ls 


Link Integrity Timing 


Lt2S----l 
_ 


LINK 
FAIL 
I 
--------_ .....• 
290260-10 


TRtolT 


--tt- 
t27 
r-- t26--l 
-~I 
---~I 
C<XXXX)~-~I--~I--~ 


RD -<xxXXX) 
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LED Timing 


Symbol 
Parameter 
Min 
Max 
Units 


t32 
RLED Fixed Off Time 
- 
90 
110 
ms 


t33 
RLED Minimum on Time 
4 
8 
ms 


t34 
Last RD Activity to RLED Off (Link Integrity Fault) 
50 
150 
ms 


t35 
RLED Minimum On Time After Link Integrity Fault Correction 
500 
1500 
ms 


t36 
XLED Turnoff Time 
- 
10 
/Ls 


t37 
XLED Fixed Off Time 
90 
110 
ms 


t38 
XLED Minimum On Time 
4 
8 
ms 


t39 
CLED Turnoff Time 
- 
10 
/Ls 


t40 
CLED Nominal On Time 
10 
20 
ms 


t41 
RLED .Turnoff Time 
- 
10 
/Ls 


LED Timing: Transmit and Receive 


290260-11 


LED Timing: Collision 


CLSN 
:===~t~39~==~'LI 
CLED ---...,j 
290260-12 
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Outline Diagrams 


Dimensions 
are in inches and (millimeters). 


28-Pln, Plastic DIP 


+ 
0.165 (4.19) 
WAX 
t 


NOTES: 
Meets 
JEDEC 
standards. 
Index mark may be a semicircular 
notch or circular 
dimple 
located 
in the index area . 
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28-Pln, Plastic SOJ 
Dimensions 
are in inches and (millimeters) 


28------~---------- 
I 
r 
0.010 (0.25) R 


0.299 
0.355 0.020 (0.51) R 
(~;:) (~2:) 
);::==~ 


I '1 ~ 
n~~ 
I "~('")" 
I-- 
0.708 (17.98)"AX ~ 
ENLARGED 
DETAIL 


~ 


EEENI.ARGEO 
DET•••1L 
/0.005 
(0.13) TYP 


_ 
f 


- 
0.140 (3.56) 
••••.x 
L-.L 


. 
,. 


i-- 0.264 (6.71) -.i 


290260-16 


I 


FrFrI='==---""-=-=--=-=--=--""-==n=n=l----.-l. 
0.094 (2.38) 
••AX 


-------- 
f 
f 
Jl 


0.041(1.04) 


0.050 (1.27) 
0.020 (0.51) 


NOTE: 
Index mark may be a notch. 
dimple. 
or bevel. 
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This application note describes a design example of an 
IEEE 802.2/802.3 compatible Data Link Driver using 
the 82586 LAN Coprocessor. The design example is 
based on the "Design Model" illustrated in "Program- 
ming the 82586". It is recommended that before read- 
ing this application note, the reader clearly understands 
the 82586 data structures and the Design Model given 
in "Programming the 82586". 


"Programming the 82586" discusses two basic issues in 
the design of the 82586 data link driver. The first is 
how the 82586 handler fits into the operating system. 
One approach is that the 82586 handler is treated as a 
"special kind of interface" rather than a standard I/O 
interface. The special interface means a special driver 
that has the advantage of utilizing the 82586 features to 
enhance performance. However the performance en- 
hancement is at the expense of device dependent upper 
layer software which precludes the use of a standard 
I/O interface. 


The second issue "Programming the 82586" discusses 
is which algorithms to choose for the CPU to control 
the 82586. The algorithms used in this data link design 
are taken directly from "Programming 
the 82586". 


Command processing uses a linear static list, while re- 
ceive processing uses a linear dynamic list. 


The application example is written in C and uses the 
Intel C compiler. The target hardware for the Data 
Link Driver is the iSBC 186/51 COMMputer, however 
a version of the software is also available to run on the 
LANHIB Demo board. 


1.0 FITTING 
THE SOFTWARE 
INTO 
THE OSI MODEL 


The application example consists of four software mod- 
ules: 


• Data Link Driver (DLD): drives the 82586, also 
known as the 82586 Handler. 
• Logical Link Control (LLC): implements the IEEE 
802.2 standard. 


• User Application (UAP): exercises the other soft- 
ware modules and runs a specific application. 


• C hardware support: written in assembly language, 


supports the Intel C compiler for I/O, interrupts, 
and run time initialization for target hardware. 


Figure I illustrates how these software modules com- 
bined with the 82586, 82501 and 82502 complete the 
first two layers of the OSI model. The 82502 imple- 
ments an IEEE 802.3 compatible transceiver, while the 
82501 completes the Physical layer by performing the 
serial interface encode/decode function. 


The Data Link Layer, as defmed in the IEEE 802 stan- 
dard documents, is divided into two sublayers: the Log- 
ical Link Control (LLC) and the Medium Access Con- 
trol (MAC) sublayers. The Medium Access Control 
sublayer is further divided into the 82586 Coprocessor 
plus the 82586 Handler. On top of the MAC is the LLC 
software module which provides IEEE 802.2 compati- 
bility. The LLC software module implements the Sta- 
tion Component responses, dynamic addition and dele- 
tion of Service Access Points (SAPs), and a class I level 
of service. (For more information on the LLC sublayer, 
refer to IEEE 802.2 Logical Link Control Draft Stan- 
dard.) The class I level of service provides a connec- 
tionless datagram interface as opposed to the class 2 
level of service which provides a connection oriented 
level of service similar to HDLC Asynchronous Bal- 
anced Mode. 


On top of the Data Link Layer is the Upper Layer 
Communications Software (ULCS). This contains the 
Network, Transport, Session, and Presentation Layers. 
These layers are not included in the design example, 
therefore the application layer of this ap note interfaces 
directly to the Data Link layer. 
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Figure 2. Block Diagram of the Hardware 
and Software 


The application layer is implemented in the User Appli- 
cation (UAP) software module. The UAP module oper- 
ates in one of three modes: Terminal Mode, Monitor 
Mode, and High Speed Transmit Mode. The software 
initially enters a menu driven interface which allows 
the program to modify several network parameters or 
enter one of the three modes. 


The Terminal Mode implements a virtual terminal with 
datagram capability (connectionless "class 1" service). 
This mode can also be thought of as an async to IEEE 
802.3/802.2 protocol converter. 


The Monitor Mode provides a dynamic update on the 
terminal of 6 station related parameters. While in the 
monitor mode, any size frame can be repeatedly trans- 
mitted to the cable in a software loop. 


High Speed Transmit Mode transmits frames to the ca- 
ble as fast as the software possibly can. This mode dem- 
onstrates the throughput performance of the Data Link 
Driver. 


The UAP gathers network statistics in all three modes 
as well as when it is in the menu. In addition, the UAP 
module provides the capability to alter MAC and LLC 
addresses and re-initialize the data link. (Figure 2 
shows a combined software and hardware block dia- 
gram.) 


2.0 
LARGE MODEL COMPILATION 


All the modules in this design example are compiled 
under the Large Model option. This has the advantages 
of using the.entire 1 Mbyte address space, and allowing 
the string constants to be stored in ROM. In the Large 
Model it is important to consider that the 82586's data 
structures, SCB, CB, TBD, FD, and RBD, must reside 
within the same data segment. This data segment is 
determined at locate time. 


The C_Assy_Support 
module has a run time start off 
function which loads the DLD data segment into a 
global variable SEGMT_. 
This data segment is used 
by the 82586 Handler for address translation purposes. 
The 82586 uses a flat address while the 80186 uses a 
segmented address. Any time a conversion between 
82586 and 80186.addresses are needed the SEGMT_ 
variable is used. 


Pointers for the 80186 in the large model are 32 bits, 
segment and offset. All the 82586 link pointers are 16 
bit offsets. Therefore when trading pointers between the 
82586 and 
the 
80186, two 
functions 
are 
called: 


Offset (ptr), and Build_Ptr 
(offset). Offset (ptr) takes a 
32 bit 80186 pointer and returns just the offset portion 
for the 82586 link pointer. While Build_Ptr 
(offset) 
takes an 82586 link pointer and returns a 32 bit 80186 
pointer, with the segment part being the SEGMT_ 
variable. Offset () and Build_Ptr() 
are simple func- 
tions written in assembly language included in the C_ 
Assy_Support 
module. 


In the small model, Offset ( ) and BuildJtr( 
) are not 
needed, but the variable SEGMT_ 
is still needed for 
determining the SCB pointer in the ISCP, and in the 
Transmit and Receive Buffer Descriptors. 


3.0 THE 82586 HANDLER 


3.1 The Buffer Model 


The buffer model chosen for the 82586 Handler is the 
"Design Model" as described in "Programming 
the 
82586". This is based on the 82586 driver as a special 
driver rather than as a standard driver. Using this ap- 
proach the ULCS directly accesses the 82586's Trans- 
mit and Receive Buffers, Buffer Descriptors and Frame 
Descriptors. This eliminates buffer copying. Transmit 
and receiver buffer passing is done entirely through 
pointers. 
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The only hardware 
dependencies between the Data 
Link and ULCS interface are the butTerstructures. The 
ULCS does not handle the 82586's CBs, SCB or initiali- 
zation structures. To isolate the data link interface from 
any hardware dependencies while still using the design 
model, another level of butTer copying must be intro- 
duced. For example, when the ULCS transmits a frame 
it would have to pass its own butTers to the data link. 
The data link then copies the data from ULCS butTers 
into 82586 butTers. When a frame is received, the data 
link copies the data from the 82586's butTers into the 
ULCS butTers.The more copying that is done the slow- 
er the throughput. However, this may be the only way 
to fit the data link into the operating system. The 82586 
Handler can be made hardware independent by adding 
a receive and transmit function to perform the butTer 
copying. 


The 82586 Handler allocates butTersfrom two pools of 
memory: the Transmit pool, and the Receive pool as 
illustrated in Figure 3. The Transmit pool contains 
Transmit 
ButTer Descriptors 
(TBDs) and Transmit 
ButTers (TBs). The Receive pool contains Frame De- 
scriptors (FDs), Receive ButTer Descriptors (RBDs), 
and Receive ButTers(RBs). 
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Figure 3. 82586 Handler 
Memory 
Management 
Model 


When the ULCS wants to transmit, it requests a TBD 
from the handler. The handler returns a pointer to a 
free TBD. Each TBD has a TB attached to it. The 
ULCS fills the butTer, sets the appropriate fields in the 
TBD, and passes the TBD pointer back to the handler 
for transmission. After the frame is transmitted, 
the 
handler places the TBD back into the free TBD pool. If 
the ULCS needs more than one butTer per frame, it 
simply requests another TBD from the handler and 
performs the necessary linkage to the previous TBD. 


On the receive side, the RF A pool is managed by the 
82586 itself. When a frame is received, the 82586 inter- 


rupts the handler. The handler passes a FD pointer to 
the ULCS. Linked to the FD is one or more RBDs and 
RBs. The ULCS extracts what it needs from the FD, 
RBDs and RBs, and returns the FD pointer back to the 
handler. The handler places the FD and RBDs back 
into the free RFA pool. 


3.2 The Handler Interface 


The handler interface provides the following basic func- 
tions: 


• initialization 
• sending and receiving frames 
• adding and deleting multicast addresses 


• getting transmit butTers 
• returning receive butTers 


Figure 4 lists the Handler Interface functions. 


On power up, the initialization function is called. This 
function initializes the 82586, and performs diagnostics. 
After initialization, the handler is ready to transmit and 
receive frames, and add and delete multicast addresses. 


To send a frame, the ULCS gets one or more transmit 
butTersfrom the handler, fills them with data, and calls 
the send function. When a frame is received, the han- 
dier calls a receive function in the ULCS. The ULCS 
receive function removes the information it needs and 
returns the receive butTersto the handler. The addition 
and deletion of multicast addresses can be done "on the 
fly" any time after initialization. The receiver doesn't 
have to be disabled when this is done. 


The command interface to the handler is totally asyn- 
chronous=-the ULCS can issue transmit commands or 
multicast address commands whenever it wants. The 
commands are queued by the handler for the 82586 to 
execute. If the command queue is full, the send frame 
procedure returns a false status rather than true. The 
size of the command queue can be set at compile time 
by setting the CB---CNT constant. Typically the com- 
mand queue never has more than a few commands on it 
because the 82586 can execute commands faster than 
the ULCS can issue them. This is not the case in a 
heavily loaded network when deferrals, collisions, and 
retries occur. 


The command interface to the 82586 handler is hard- 
ware independent; the only hardware dependence is the 
butTering. A hardware independent command interface 
doesn't have any performance penalty, but some 82586 
programmability is lost. This shouldn't be of concern 
since most data links do not change configuration pa- 
rameters during operation. One can simply modify a 
few constants and recompile to change frame and net- 
work parameters to support other data links. 
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Figure 5. Free CB Pool 
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Figure 6. Free Transmit 
Buffer Descriptor 
Pool 
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Phase 1 executes initialization of all the handlers flags, 
interrupt vectors, counters, and 82586 data structures. 
There are two separate functions which initialize the 
CB and RFA pools: Build_CB() 
and Build_Rfa(). 


3.3.1 BUILDING 
THE CB AND RFA POOLS 


BuiId_CB() 
builds a stack of free linked Command 
Blocks, and another stack of free linked Transmit Buff- 
er Descriptors. (See Figures 5 and 6.) Each stack has a 
Top of Stack pointer, which points to the next free 
structure. The last structure on the list has a NULL 
link pointer. 


the RBD list. The RBDs are initialized with both 82586 
and 80186 buffer pointers. The 80186 buffer pointer is 
added to the end of the RBD structure. Begin and end 
pointers are used to mark the boundaries of the free 
lists. 


3.3.282586 
INITIALIZATION 


The 82586 initialization data structure SCP is already 
set since it resides in ROM, however, the ISCP must be 
loaded with information. Within the SCP ROM is the 
pointer to the ISCP; the ISCP is the only absolute ad- 
dress needed in the software. Once the ISCP address is 
determined, the ISCP can be loaded. The SCB base is 
obtained 'from the C_Assy_Support 
module. The 


global variable SEGMT_contains 
the address of the 
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Figure 7. Free RFA 
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3.3.3 SELF TEST 
DIAGNOSTICS 
data segment of the handler. The 80186shifts this value 
to the left by 4 and loads it into the SCBbase. The SCB 
otTset is now determined by taking the 32 bit SCB 
pointer and passing it to the OtTset() function. 


The 82586interrupt is disabled during initialization be- 
cause the interrupt function is not designed to handle 
82586reset interrupts. To determime when the 82586is 
finished with its reset/initialization, the SCB status is 
polled for both the CX and CNA bits to be set. After 
the 82586 is initialized, both the CX and CNA inter- 
rupts are acknowledged. 


The 82586 is now ready to execute commands. The 
Configuration is executed first to place the 82586 in 
internal loopback mode, followedby the lA command. 
The address for the lA command is read otTof a prom 
on the PC board. 


The final phase of the handler initialization is to run the 
self test diagnostics. Four tests are executed: Diagnose 
command, 
Internal 
loopback, 
External 
loopback 
through the 82501,and Externalloopback through the 
transceiver. If these four tests pass, the data link is 
ready to go on line. 


The function that executes these diagnostics is called 
Test_Link(). 
If any of the tests fail, Test_Link() 
re- 
turns immediately with the Self_Test global variable 
set to the type offailure. This Self_Test global variable 
is then returned to the function which originally called 
Init_586(). 
Therefore Init_586() 
can return one of 
five 
results: 
FAILED_DIAGNOSE, 
FAILED_ 
LPBK_INTERNAL, 
FAILED_LPB~EXTER- 
NAL, 
FAILED_LPB~TRANSCEIVER 
or 
PASSED. 
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Figure 8. Initialization 
Diagnostics: 
TesLLlnk 
0 


1-344 


inter 
AP-235 


The Diagnose( ) function, called by Test_Link( 
), does 
not return until the diagnose command is completed. If 
the interrupt service routine detects that a Diagnose 
command was completed then it sets a flag to allow the 
Diagnose() 
function to return, 
and it also sets the 
Self_Test 
variable to FAIL if the Diagnose command 
failed. If the Diagnose command completed successful- 
ly, the loopback tests are performed. 


Before any loopback tests are executed, the Receive 
Unit is enabled by calling Ru_Start(). 
Loopback tests 
begin by calling Send_LpbLFrame( 
), which sends 8 
frames with known loopback data and its own destina- 
tion address. More than one loopback frame is sent in 
case one or more of them are lost. Also several of the 
frames will have been received by the time flags.lpbL 
test is checked. 


Two 
flag 
bits 
are 
used 
for 
the 
loopback 
tests: 
flags.lpbLmode,· 
and 
flags.lpbk.Ltest. 
flags.lpbL 
mode is used to indicate to the receive section that the 
frames received are potentially loopback frames. The 
receive section will pass receive frames to the Loopback 
Check( ) function if the flags.lpbLroode 
bit is set. The 
LoopbacLCheck() 
function first compares the source 
address of the frame with its station address. If this 
matches then the data is checked with the known loop- 
back data. If the data matches, then the flags.lpbLtest 
bit is set, indicating a successfulloopback. The flow of 
the Test_Link( 
) function is displayed in Figure 8. 


3.4 Command 
Processing 


Command blocks are queued up on a static list for the 
82586 to execute. The flow of a command block is giv- 
en in Figure 9. When the handler executes a command 
it first has to get a free command block. It does this by 
calling Get_CB() 
which returns a pointer to a free 
command block. The CB structure is a generic one in 
which all commands except the MC-Setup can fit in. 
The handler then loads into the CB structure the type 
of command and associated parameters. To issue the 
command to the 82586 the Issue_CU_Cmd() 
func- 
tion is called with the pointer to the CB passed to this 
function. Issue_CU_Cmd() 
plac~ the command on 
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Figure 9. The Flow of a Command Block 


the 82586's static command block list. After the 82586 
executes the command, it generates an interrupt. The 
interrupt routine, Isr_586(), 
processes the command 
and returns the Command Block to the free command 
block list by calling Put_Cb( 
). 


3.4.1 ACCESSING COMMAND BLOCKS-GET_ 
CBO and PUT_CBO 


Get_Cb( 
) returns a pointer to a free command block. 
The free command blocks are in a linear linked list 
structure which is treated as a stack. The pointer cb_ 
tos points to the next available CB. Each time a CB is 
requested, Get_Cb() 
pops a CB off the stack. It does 
this by returning the pointer of cb_tos. 
cb_tos 
is then 
updated with the CB's link pointer. When the CB list is 
empty, Get_Cb() 
returns NULL. 


There are two types of nulis, the 82586 'NULL' is a 16 
bit offset, OFFFFH, 
in the 82586 data structures. The 
80186 null pointer; 'pNULL', is a 32 bit pointer; with 
OFFFFH offset and the 82586 handler's data segment, 
SEGMT~ 
as the base. 


Put_Cb() 
pushes a free command block back on the 
list. It does this by placing the cb_tos 
variable in the 
returned CB's link pointer field, then updates cb_tos 
with the pointer to the returned CB. 


3.4.2 ISSUING CU COMMANDS-ISSULCU_ 
CMDO 


This function queues up a command for the 82586 to 
execute. Since static lists are used, each command has 
its EL bit set. There is a begi~cbl 
pointer and an 
end_cbi 
pointer to delineate the 82586's static list. If 
there are no CBs on the list, then begi~cbl 
is set to 
pNULL. 
(Figure 
10 illustrates the static list.) Each 
time a command is issued, a deadman timer is set. 
When the 82586 interrupts the CPU with a command 
completed, the deadman timer is reset. 


Issue_Cu_Cmd() 
begins by disabling the 82586's in- 
terrupt. It then determines whether .the list is empty or 
not. If the list is empty, begin and end pointers are 
loaded with the CB's address. The CU must then be 
started. Before a CU_STARTcan 
be issued, the SCB's 
cbLoffset 
field must be loaded with the address of the 
command, the Wait_Scb() 
function must be called to 
insure that the SCB is ready to accept a command, and 
the deadman timer must be initialized. If the list is not 
empty, then the command block is queued at the end of 
the list, and the interrupt service routine Isr_586(), 
will continue generating CAs for each command linked 
on the CB list until the list is empty. 
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Figure 10.The Static Command Block List 


3.4.3 INTERRUPT SERVICE ROUTINE-ISR_ 
5860 


Isr_586( 
) starts off by saving the interrupts that were 
generated by the 82586 and acknowledging them. Ac- 
knowledgment must be done immediately because if a 
second interrupt were generated before the acknowl- 
edgment, the second interrupt would be missed. The 
interrupt status is then checked for a receive interrupt 
and if one occurred the Recv_lnt_Processing( 
) func- 
tion is called. After receive processing is check the CPU 
checks whether a command interrupt occurred. If one 
did, then the deadman timer is reset and the results of 
the command are checked. There are only two particu- 
lar commands which the interrupt results are checked 
for: Transmit and Diagnose. The Diagnose command 
needs to be tested to see if it passed, plus the diagnose 
status flag needs to be set so that the initialization pro- 
cess can continue. 


The transmit command status provides network man- 
agement and station diagnostic information which is 
useful for the "Network Management" function of the 
ISO model. The following statistics are gathered in the 
interrupt routine: good_transmit_cnt, 
sqe_err_cnt, 
defer_cnt, 
no_crs_cnt, 
underrunj.cnt, 
max_col_ 
cnt. To speed up transmit interrupt processing a flag is 
tested to determine whether these statistics are desired, 
if not this section of code is skipped. 


The sqe error requires special considerations when used 
for statistic gathering or diagnostics. The sqe status bit 
indicates whether the transceiver passed its self test or 
not. The transceiver executes a self test after each trans- 
mission. If the transceiver's self test passed, it will acti- 
vate the collision signal during the IFS time. 


The sqe status bit will be set if the transceiver's self test 
passed. However if the sqe status bit is not set, the 
transceiver may still have passed its self test. Several 
events can prevent the sqe bit from being set. For exam- 
ple, the first transmit command status after power up 
will not have the sqe bit set because the sqe is always 
from the previous command. Also if any collisions oc- 
cur, the sqe bit might not be set. This has to do with the 
timing of when the sqe signal comes from the transceiv- 
er. It is possible that a JAM signal from a remote sta- 
tion can overlap the sqe signal in which case the 82586 
will not set the sqe status bit. Therefore the sqe error 
count should only be recorded when no collisions oc- 
cur. 


One other situation can occur which will prevent the 
SQE status bit from being set. If transmit command 
reaches the maximum retry count, the next transmit 
command's SQE bit will not be set. 


The final phase of interrupt command processing deter- 
mines if another command is linked, and returns the 
CB to the free command block list. Another command 
being linked is indicated by the CB link field not being 
NULL. In this case the deadman timer and the 82586's 
CU are re-started. If the CB link is NULL, there are no 
further commands to execute, and begin_cbi 
is set to 
pNULL. 


3.4.4 SENDING FRAMES-SEND_FRAME 
(PTBD, 
PADD) 


Send_Frame() 
receives two parameters, a pointer to 
the first Transmit ButTer Descriptor, and a pointer to 
the destination address. There may be one or more 
TBDs attached. The last TBD is indicated by its link 
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field being NULL and the EOF bit set. It is the respon- 
sibility of the ULCS to make sure this is done before 
calling Send~rame( 
). 


Send_Frame( 
) begins by trying to obtain a command 
block. If the free command block list is empty, the send 
frame function returns with a false result. It is up to the 
ULCS to either continue attempting transmission or at- 
tempt at a later time. The send frame function calcu- 
lates the length field by summing up the TBDs actual 
count field. After the length field is determined, send 
frame checks to see if padding is required. If padding is 
necessary, Send Frame will change the act count field 
in the TBD to meet the minimum frame requirements. 
This technique transmits what ever was in the buffer as 
padding data. If security is an issue, the padding data in 
the buffer should be changed. 
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Figure 11. Flow Chart for Sending a Frame 


3.4.5 ACCESSING 
TRANSMIT 
BUFFERS-GET_ 
TBDO 
AND PUT _ TB DO 


Get_ Tbd( ) returns a pointer to a free Transmit Buffer 
Descriptor, 
and 
Put_Tbd() 
returns 
one or more 
linked Transmit Buffer Descriptors to the free list. The 
TBD which Get_Tbd() 
allocates has its link pointer 
set to NULL, and its EOF bit cleared. If another buffer 
is needed, the link field in the old TBD must be set to 
point to the new TBD. The last TBD used should have 
its link pointer set to NULL and its EOF bit set. Figure 
11shows the flow chart of getting buffers and sending a 
frame. 


Put_Tbd 
(ptbd) is called by the Isr_586() 
function 
when the 82586 is done transmitting 
the buffers. A 
pointer to the first TBD is passed to Put_ Tbd( ). 
Put_ Tbd() finds the end of the list of TBDs and re- 
turns them to the free buffer list. 


3.4.6 MUL TICAST 
ADDRESSES 


The 82586 handler maintains a table of multicast ad- 
dresses. Initially this table is empty. To enable a multi- 
cast address the Add~ulticast_Address(pma) 
func- 
tion is called; to disable a multicast address, Delete_ 
Multicast.Laddresstpma) 
function is called. Both func- 
tions accept a parameter which points to the multicast 
address. 
Add and 
Delete functions 
perform 
linear 
searches through the Multicast Address Table (MAT). 


Add scans the entire MAT once to check if the address 
being added is a duplicate of one already loaded. Add 
will not enter a duplicate muilticast address. If there 
are no duplicates Add goes to the beginning of the 
MAT and looks for a free location. If it finds one, it 
loads the new address into the free location and sets the 
location status to INUSE. If no free locations are avail- 
able, Add returns a false result. 


Delete looks for a used location in the MAT. When it 
finds one, it compares the address in the table with the 
address passed to it. If they match, the location status is 
set to FREE and a TRUE result is returned. If no 
match occurs, the result returned is FALSE. 


If Add or Delete change the MAT, they update the 
82586 by 
calling 
Set_Multicast_Address(). 
This 
function executes an 82586 MC Setup command. Set_ 
Mulitcast_Address() 
uses the addresses in the MAT 
to build the MC Setup command. The MC Setup com- 
mand is too big to be built from the free CBs. Free CB 
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3.4.7 RESETTING THE 82586-RESET_5860 
command blocks are 18bytes long, while the MC Setup 
command can be up to 16,392 bytes. Therefore a sepa- 
rate Multicast 
Address 
Command 
Block (ma_cb) 
must be allocated and used. The size of the ma_cb 'and 
MAT are determined at compile time based on the 
MULTI_ADDR--CNT 
constant. The design exam- 
ple allows up to 16 multicast addresses. 


Since there is only one ma_cb, 
and it is not compatible 
with the other CBs, it must be treated differently. Only 
one ma_cb 
can be on the 82586 command list. The 
ma_cb 
command word is used as a semaphore. If it is 
zero, the command is available. If not, Set~ulti- 
cast~ddress() 
must wait until the ma_cb 
is free. 


Also the interrupt routine can't return the ma_cb 
to 
the free CB list. It just clears the cmd field, to indicate 
that ma_cb 
is available. 


The 82586's receiver does not have to be disabled to 
execute the MC Setup command. If the 82586 is receiv- 
ing while this command is accessed, the 82586 will fin- 
ish reception before executing the MC Setup comand. If 
the MC Setup command is executing, the 82586 auto- 
matically ignores incoming frames until the MC Setup 
is completed. Therefore multicast addresses can be add- 
ed and deleted on the fly. 


ENTER INTERFACE FUNCTION 
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Figure 12. Reset Semaphore 


The 82586 rarely if ever locks up in a well behaved 
network; (i.e. one that obeys IEEE 802.3 specifica- 
tions). The lock-ups identified were artificially created 
and would normally not occur. This data link driver 
has been tested in an 8 station network under various 
loading conditions. No lock-ups occurred under any of 
the data link drivers test conditions. However the reset 
software has been tested by simulating alockup. 
This 
can be done by having the 82586 transmit, and dis- 
abling the CTS pin for a time longer than the deadman 
timer. 


An 82586 deadlock is not a fatal error. The handler is 
designed to recover from this problem. As mentioned 
before, each time the 82586 is given a CA to begin 
executing a command, a deadman timer is set. The 
deadman timer is reset when a CNR interrupt is gener- 
ated. If the CNR interrupt is not generated before the 
deadman timer expires, the 82586 must be reset. 


Resetting of the 82586 should not be done while the 
handler software is executing. This could create a soft- 
ware deadlock by interrupting a critical section of code 
in the handler. To insure that the Reset_586() 
func- 


tion is not executed while the handler is executing, all 
of the entry points to the handler (i.e. interface func- 
tions) set a semaphore flag bit called flags.reset_sema. 
This flag is cleared when the interface functions are 
exited. 


If 
the 
Deadman 
timer 
interrupt 
occurs 
while 
flags.reset_sema 
is set, another flag is set (flag.reset_ 
pend) indicating that the Reset_586( 
) function should 
be called when the interface functions are exited. How- 
ever if the deadman 
timer interrupt 
occurs 
when 
flags.reset_sema 
is clear, Reset_586() 
is called imme- 
diately. Figure 12 shows the logic for entering and exit- 
ing interface functions. 


Reset_586( 
) begins by disabling the 82586 interrupt, 
placing the ESI in loopback, and resetting the 82586. 
The reset can be a software or a hardware reset. How- 
ever, there are certain lockups in the 82586 where only 
a hardware reset will suffice. (The 82586 errata sheet 
explicitly indicates which deadlocks require a hardware 
reset.) After the reset, Reset_586( 
) executes a Config- 
ure, lA-Setup, and a MC-Setup command; the MC_ 
Setup command is built from the multicast address ta- 
ble (MAT). The 82586 Command Queues and Receive 
Frame Queues are left untouched so that the 82586 can 
continue executing where it left off before the deadlock. 
This way no frames or commands are lost. This re- 
quires that a separate reset CB and reset Multicast CB 
is used, because other CBs already in use cannot be 
disturbed. 
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The following functions are used for Receive Frame 
Processing: 
Recv_Int_Processing() 
Called by Isr_586() 
to re- 
move FDs and RBDs from 
the 82586's RFA 
Recv_Frame (pfd) 
Called by Recv_Int_Pro- 
cessing(). This function re- 
sides in the ULCS 
ChecLMulticast 
(Pfd) 
Used for perfect Multicast 
filtering 
Put_Free_Rfa 
(Pfd) 
Returns FDs and RBDs to 
the 82586's RFA 
Ru_Start() 
Restarts the RU when in the 
IDLE 
or 
No 
Resources 
state. 


3.5.1 RECEIVE INTERRUPT PROCESSING- 
RECV_INT _PROCESSING() 


The Recv_Int_ProcessingO 
function is called by 
Isr_586() 
when the PR bit in the SCB is set. The 
Recv_Int_Processing( 
) function checks whether any 
FDs and RBDs on the free list have been used by the 
82586.If they have, Recv_Int_ProcessingO 
removes 
the used FDs and RBDs from the free list, and passes 
them to the ULCS. 


The Recv_Int_Processing( 
) function is a loop where 
each pass removes a frame from the 82586's RFA. 
When there are no more used FDs and RBDs on the 
RFA, the function calls RU_Start(), 
then returns to 
Isr_586(). 
The first part of the loop cheeks to see if 
the C bit in the first FD of the free FD list is set. If the 
C bit is set, the function determines if one or more 
RBDs are attached. If there are RBDs attached, the 
end of the RBD list is found. The last RBD's link field 
is used to update begiIL-rbd pointer, and then it's set 
to NULL. 


After the receive frame has been delineated from the 
RFA, some information about the frame is needed to 
determine which function to pass it to. Since the save 
bad frame configure bit is not set, the only bad frame 
on the list could be an out of resource frame. An out of 
resource frame is returned to the RFA by calling Put_ 
Free~A 
(Pfd).If the flags.lpbLmode 
bit is set, the 
frame is given to the loopback check function. If the 
destination address of the frame indicates a multicast, 
the check multicast function is called. If the frame has 
passed all of the above tests and still has not been re- 
turned, it is passed to the Recv_Frame() 
function 
which resides in the ULCS. 


ChecLMulticast 
(Pfd) determines whether the multi- 
cast address received is in the multicast address table. 
This is necessarybecause the 82586does not have per- 


feet multicast address filtering. Check~ulticast 
does 
a byte by byte comparison of the destination address 
with the addresses in the multicast address table. If no 
match occurs, it returns false,and Reev_Int_Process- 
ing calls PutJree_RF 
A( ) to return the frame to the 
RFA. If there is a match, ChecLMulticastO 
returns 
TRUE 
and Recv~nt_ProcessingO 
calls Recv_ 
Frame(), passing the pointer to the FD of the frame 
received. 


3.5.2 RETURNING FDs AND RBDs-PUT_ 
FREE-RFA 
(pfd) 


Put_Free_RFA 
combines Supply_FD 
and Sup- 


ply_RBD 
algorithms described in "Programming the 
82586" into one function. The begin and end pointers 
delineate what the CPU believes is the beginning and 
end of the free list. The decision of whether to restart 
the RU is made when examining both the free FD list 
and the free RBD list. This is why two ru_startJags 
are used, one for the FD list and one for the RBD list. 
Both flags are initialized to FALSE. 


The function starts offby initializingthe FD so that the 
EL bit is set, the status is 0, and the FD link field is 
NULL. The rbd pointer is saved before the rbd pointer 
field in the FD is set to NULL. The free FD list is 
examined and if it's empty, begin-fd 
and end-fd 
are 
loaded with the address of the FD being returned. In 
this case the RU should not be restarted, because there 
is only one FD on the free list. If the free FD list is not 
empty, the FD being returned is placed on the end of 
the list, the end pointer is updated, and the RU start 
flag is set TRUE. 


To begin the RBD list processing the end of the re- 
turned RBD list is determined, and this last RBD's EL 
bit is set. If the free RBD list is empty, the returned 
RBD list becomes the free RBD list. If there is more 
than one RBD on the returned list, the ru start flag is 
set TRUE. If the free RBD list is not empty, the re- 
turned RBD list is appended on the end of the free list, 
the end-rbd 
pointer is updated, and the ru start flag is 
set TRUE. 


The last part of PutJree_RF 
A() is to determine 
whether to call RU_Start(). 
Both ru start flags are 
ANDed together, and if the result is TRUE, the Ru_ 
Start() function is called. 


3.5.3 RESTARTING THE RECEIVE UNIT-RU_ 
START() 


The Ru_Start() 
function cheeks two things before it 
decides to restart the RU. The first thing it checks is 
whether the RU is already READY. If it is, there is no 
reason to restart it. If the RU is IDLE or in NO~ 
SOURCES, then the second thing to check is whether 
the first free FD on the free FD list has its C bit set. If 
it does, then the RU should not be restarted. The rea- 
son is that the free FD list should only contain free FDs 
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4.0 
LOGICAL 
LINK CONTROL 


The IEEE 802.2 LLC function completes the Data 
Link Layer of the OSI model. The LLC module in this 
design example implements a class 1 level of service 
which provides a connectionless datagram interface. 
Several data link users or processes can run on top of 
the data link layer. Each user is identified by a link 
service access point (LSAP). Communication between 
data link users is via LSAPs. An LSAP is an address 
that identifies a specific user process or another layer 


Figure 14 illustrates the relationship between the Sta- 
tion Component and the SAP components. (The SAP 
components are user processes.) The Station Compo- 
nent receives all of the good frames from the Handler 
and checks the DSAP address. If the DSAP address is 
0, then the frame is addressed 'to the Station Compo- 
nent and a Station Component Response is generated. 
If the DSAP address is on the active DSAP list, then 
the Station Component passes the frame to the ad- 
dressed SAP. If the DSAP address is unknown, the 
frame is returned to the handler. 


i=I 


~H 


DATA LINK INTERFACE 


DATA LINK 
CONTROLLER 


DATA LINK 
USER 
INTERFACE 


Figure 13. Data Link Interface 
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Figure 
14. Station 
Component 
Relationship 


231421-13 


There are 3 commands and 2 responses which the class 
1 LLC layer must implement. Figure 15 shows IEEE 
802.2 Class I commands and responses and Figure 16 
shows the IEEE 802.2 Class I frame format. 


Commands 
Responses 
Description 


UI 
Unnumbered 
Information 
XID 
XID 
Exchange 
ID 
TEST 
TEST 
Remote 
Loopback 


Figure 
15. IEEE 802.2 Class 
1, Type 
1 Commands 
and Responses 


HEAD 
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( CONTROL 
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Figure 
16. IEEE 802.2 Class 
1 Frame 
Format 


From Figure 15 it can be seen that there are no LLC 
class I UI responses because information frames are not 
acknowledged at the data link level. The only com- 
mand frames that may require responses are XID and 
TEST. If a command frame is addressed to the Station 
Component, it checks the control field to see what type 
of frame it is. If it's an XID frame, the Station Compo- 
nent responds with a class I XID response frame. If it's 
a TEST frame, the Station Component responds with a 
TEST frame, echoing back the data it received. In both 
cases, the response frame is addressed to the source of 
the command frame. 


Any frames addressed to active SAPs are passed direct- 
ly to them. The Station Component will not respond to 
SAP addressed frames. Therefore it is the responsibility 
of the SAPs to recognize and respond to frames ad- 
dressed to them. When a SAP transmits a frame, it 
builds the IEEE 802.2 frame itself and calls the Han- 
dier's 
Send_Frame() 
function 
directly. 
The 
LLC 
module is not used for SAP frame transmission. The 
only functions which the LLC module implement are 
the dynamic addition and deletion of DSAPs, multi- 
plexing the frames to user SAPs, and the Station Com- 
ponent command recognition and responses. This is 
one implementation of the IEEE 802.2 standard. Other 
implementations may have the LLC module do more 
functions, such as SAP command recognitions and re- 
sponses. A list of the functions included in the LLC 
module is as follows: 


LLC Functions 
Description 


IniLLlc() 
Initializes the DSAP 
address table and calls 
IniL586() 
Add_Dsap_ 
Add a DSAP address to 
Address 
(dsap, pfunc) 
the active list 
dsap - DSAP address 
pfunc - pointer to the 
SAP function 
Delete-Dsap- 
Delete a DSAP address 
Address 
(dsap) 
dsap - DSAP address 
Recv-Frame 
(pfd) 
Receives 
a frame from 
the 82586 Handler 
pfd - Frame Descriptor 
Pointer 
Station-Component- 
Generates 
a response 
to 
Response 
(pfd) 
a frame addressed 
to the 
Station Component 
pfd - Frame Descriptor 
Pointer 
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4.1 Adding and Deleting LSAPs 
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When a user process wants to add a LSAP to the active 
list, 
the 
process 
calls 
Add_Dsap~ddress(dsap, 
pfunc). The dsap parameter is the actual DSAP ad- 
dress, and the pfunc parameter is the address of the 
function to be called when a frame with the associated 
DSAP address is received. 


The LLC module maintains a table of active dsaps 
which consists of an array of structures. Each structure 
contains two members: stat - indicates whether the ad- 
dress is free or inuse, and ('p_sap3unc)() 
contains 
the address of the function to call. The index into the 
array of structures is the DSAP address. This speeds up 
processing by eliminating a linear search. Delete_ 
Dsap_Address 
(dsap) simply uses the DSAP index to 
mark the stat field FREE. 


5.0 APPLICATION 
LAYER 


For most networks the application layer resides on top 
of several other layers referred to here as ULCS. These 
other layers in the OSI model run from the network 
layer through the presentation layer. The implementa- 
tion of the ULCS layers is beyond the scope of this 
application note, however Intel provides these layers as 
well as the data link layer with the OpenNET product 
line. For the purpose of this application note the appli- 
cation layer resides on top of the data link layer and its 
use is to demonstrate, exercise and test the data link 
layer design example. 


There can be several processes sitting on top of the data 
link layer. Each process appears as a SAP to the data 
link. The UAP module, which implements the applica- 
tion layer, is the only SAP residing on top of the data 
link layer in this application example. Other SAPs 
could certainly be added such as additional "connec- 
tionless" terminals, a networking gateway, or a trans- 
port layer, however in the interest of time this was not 
done. 


5.1 Application 
Layer Human Interface 


The UAP provides a menu driven human interface via 
an async terminal connected to port B on the iSBC 
186/51 board. The menu of the commands is listed in 
Figure 17 along with a description that follows: 


Terminal Mode - implements a virtual terminal with 
datagram capability (connectionless "class 1" service). 
This mode can also be thought of as an async to IEEE 
802.2/802.3 protocol converter. 


Monitor Mode - allows the station to repeatedly trans- 
mit any size frame to the cable. While in the Monitor 
Mode, the terminal provides a dynamic update of 6 
station related parameters. 


High Speed Transmit Mode - sends frames to the cable 
as fast as the software possibly can. This mode demon- 
strates the throughput 
performance of the Data Link 
Driver. 


Change Transmit Statistics - When Transmit Statistics 
is on several transmit 
statistics are gathered during 
transmission. If Transmit Statistics is off, statistics are 
not gathered and the program jumps over the section of 
code in the interrupt routine which gathers these statis- 
tics. The transmission rate is slightly increase when 
Transmit Statistics is off. 


Print All Counters - Provides current information on 
the following counters. 


Good frames transmitted: 
Good frames received: 


CRC errors received: 
Alignment errors received: 


Out of Resource frames: 
Receiver overrun frames: 


Each time a frame has been successfully transmitted the 
Good frames transmitted 
count is incremented. The 
same holds true for reception. CRC, Alignment, Out of 
Resources, and Overrun Errors are all obtained from 
the SCB. Underrun, lost CRS, SQE error, Max retry, 
and Frames that deferred are all transmit statistics that 
are obtained from the Transmit command status word. 
82586 Reset is a count which is incremented each time 
the 82586 locks up. This count has never normally been 
incremented. 


T - Terminal Mode 
M - Monitor Mode 
X - High Speed Transmit Mode 
V - Change Transmit Statistics 
P - Print All Counters 
C - Clear All Counters 
A - Add a Multicast Address 
Z - Delete a Multicast Address 
S - Change the SSAP Address 
D - Change the DSAPAddress 
N - Change Destination Node Address 
L - Print All Addresses 
R - Re-Initializethe Data Link 
B - Change the Number Base 


Figure 17. Menu of Data Link Driver Commands 
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Clear All Counters - Resets all of the counters. 
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Add/Delete 
Multicast Address - Adds and Deletes 
Multicast Addresses. 


Change SSAP Address - Deletes the previous SSAP 
and adds a new one to the active list. The SSAP in this 
case is this stations LSAP. When a frame is received, 
the DSAP address in the frame received is compared 
with any active LSAPs on the list. The SSAP is also 
used in the SSAP field of all transmitted frames. 


Change DSAP Address - Delete the old DSAP and add 
a new one. The DSAP is the address of the LSAP 
which all transmit frames are sent to. 


Change Destination Node Address - Address a new 
node. 


Print All Addresses - Display on the terminal the sta- 
tion address, destination address, SSAP, DSAP, and all 
multicast addresses. 


Re-initialize Data Link - This causes the Data Link to 
completely reinitialize itself. The 82586 is reset and 


iSDM 86 Monitor, Vl.O 


Copyright 
1983 Intel Corporation 
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reinitialized, and the selftest diagnostic and loopback 
tests are executed. The results of the diagnostics are 
printed on the terminal. The possible output messages 
from the 82586 selftest diagnostics are: 


Passed Diagnostic Self Tests 
Failed: Self Test Diagnose Command 


Failed: Internal Loopback Self Test 


Failed: External Loopback Self Test 
Failed: External Loopback Through Transceiver Self 
Test 


Change Base - Allows all numbers to be displayed in 
Hex or Decimal. 


5.2 A Sample Session 


The following text was taken directly from running the 
Data Link software on a 186/51 board. It begins with 
the iSDM monitor signing on and continues into exe- 
cuting the Data Link Driver software. 


..............................................................•. 


• 82586 IEEE 802.2/802.3 
Compatible Data Link Driver • 
• 
• 


Passed Diagnostic 
Self Tests 


......................•........•................................ 


Enter the Address 
of the Destination 
Node in Hex -> 
00AA0000179E 


Enter this Station's LSAP in Hex - > 20 


Enter the Destination 
Node's LSAP in Hex -> 20 


Do you want to Load any Multicast Addresses? 
(Y or Nl -> Y 


Enter the Multicast Address 
in Hex -> 
OOAAOOllllll 


This Station's Host Address 
is: 00AA00001868 


Would you like to add another Multicast Address? 
(Y or Nl -> N 


The Address 
of the Destination 
Node is: 00AA0000179E 


This Station's LSAP Address 
is: 20 


The Address 
of the Destination 
LSAP is: 20 


The following Multicast Addresses 
are enabled: OOAAOOllllll 
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J!:nt.er 
a command, t.ypeH for Help 
- > P 


Good frames transmitted: 
24 


o 


o 


o 


o 


o 


Good frames received: 
1 


CRC errors received: 
Alignment 
errors received: 
0 


Receiver 
overrun 
frames: 
0 
Out of Resource 
fram~s: 


82586 
Reset: 


Lost CRS: 


Transmi t underrun 
frames: 
0 


SQE errors: 
9 


Frames that deferred: 
4 
Maximum 
retry: 


Enter a command, type H for Help --> 
T 


Would you like the local echo on? (Y or Nl --> Y 


This program will now enter the terminal 
mode. 


Press ·C then CR to return back to the menu 


Hello this is a test~ 


,••C CR ., 


Enter a command, type H for Help --> M 


Do you want this station to transmit? 
(Y or Nl --> Y 


Enter the number 
of data bytes in the frame --> 1500 


Hit any key to exit Monitor 
Mode. 


11 of Good 
11 of Good 
CRC 
Alignment 
No 
Receive 
Frames 
Frames 
Errors 
Errors 
Resource Overrun 
Transmitted 
Received 
Errors 
Errors 


32 
0 
00000 
00000 
00000 
00000 


I" 
CR ., 


Enter a command, type H for Help --> X 


Hit any key to exit High Speed Transmit Mode. 


I" 
CR ., 


Enter 
a command, type H for Help --> R 
Passed Diagnostic 
Self Tests 
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5.3 Terminal Mode 


The Terminal mode buffers characters received from 
the terminal and sends them in a frame to the cable. 
When a frame is received from the cable, data is ex- 
tracted and sent to the terminal. One of three events 
initiate the UAP to send a frame providing there is data 
to send: buffering more than 1500 bytes, receiving a 
Carriage Return from the terminal, or receiving an in- 
terrupt from the virtual terminal timer. 


The virtual terminal timer employs timer 1 in the 80130 
to cause an interrupt every .125 seconds. Each time the 
interrupt occurs the software checks to see if it received 
one or more characters from the terminal. If it did, then 
it sends the characters in a frame. 


The interface to the async terminal is a 256 byte soft- 
ware FIFO. Since the terminal communication is full 
duplex, there are two half duplex FIFOs: a Transmit 
FIFO and a Receive FIFO. Each FIFO uses two func- 
tions for I/O: Fifo_lnO 
and Fifo_OutO. 
A block 
diagram is displayed in Figure 18. 


The serial I/O for the async terminal interface is always 
polled except in the Terminal mode where it is inter- 
rupt driven. The Terminal mode begins by enabling the 
8274 receive interrupt but leaves the 8274 transmit in- 
terrupt disabled. This way any characters received from 
the terminal will cause an interrupt. These characters 
are then placed in the Transmit FIFO. The only time 
the 8274 transmit interrupt is enabled is when the Re- 


ceive FIFO has data in it. The receive FIFO is filled 
from frames being received from the cable. Each time a 
transmit interrupt occurs a byte is removed from the 
Receive FIFO and written to the 8274. When the Re- 
ceive FIFO empties, the 8274 transmit interrupt is dis- 
abled. 


The flow control implemented for the terminal inter- 
face is via RTS and CTS. When the Transmit FIFO is 
full, RTS goes inactive preventing further reception of 
characters (see Table 1). If the Receive FIFO is full, 
receive frames are lost because there is no way for the 
data link using class I service to communicate to the 
remote station that the buffers are full. Lost receive 
frames are accounted for by the Out of Resources 
Frame counter. 


The Async Terminal bit rate sets the throughput capa- 
bility of the station in the terminal mode because the 
bottle neck for this network is the RS232 interface. Us- 
ing this fact a simple test was conducted to verify the 
data link driver's capability of. switching between the 
receiver's No Resource state and the Ready State. For 
example if station B is sending frames in the High 
Speed Transmit mode to station A which is in the Ter- 
minal mode, frames will be lost in station A. Under 
these circumstances station A's receiver will be switch- 
ing from Ready state to Out of Resources state. The 
sum of Good frames received plus Out of Resource 
frames from station A should equal Good frames trans- 
mitted from station B; unless there were any underruns 
or overruns. 


Table 1 FIFO State Table 


ASYNC 
TERt.4INAL 


Function 
Present State 
Next State 
Action 
FIFO_ 
T_IN( 
) 
EMPTY 
IN USE 
Start Filling Transmit 
Buffer 


IN USE 
FULL 
Shut Off RTS 


FIFO_ 
T_OUT() 
FULL 
IN USE 
Enable RTS 


IN USE 
EMPTY 
Stop Filling Transmit 
Buffer 


FIFO_R_IN( 
) 
EMPTY 
IN USE 
Turn on Txlnt 


IN USE 
FULL 
Stop Filling FIFO from Receive 
Buffer 


FIFO_R_OUT( 
) 
FULL 
IN USE 
Start Filling FIFO from Receive 
Buffer 


IN USE 
EMPTY 
Turn Off Txlnt 
--:- 


SEND 
FRAt.4ES 


RECEIVE 
FRAt.4ES 
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Figure 18 
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5.3.1 SENDING 
FRAMES 
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The Terminal Mode is entered when the Terminal_ 
Mode() 
function is called from the Menu interface. 
The TerminaLMode( 
) function is one big loop, where 
each pass sends a frame. Receiving frames in the Ter- 
minal Mode is handled on an interrupt driven basis 
which will be discussed next. 


The loop begins by getting a TBD from the 82586 han- 
dler. The ftrst three bytes of the ftrst buffer are loaded 
with the IEEE 802.2 header information. The loop then 
waits for the Transmit FIFO to become not EMPTY, 
at which point a byte is removed from the Transmit 
FIFO and placed in the TBD. After each byte is re- 
moved from the Transmit FIFO several conditions are 
tested to determine whether the frame needs to be 
transmitted, or whether a new buffer must be obtained. 
A frame needs to be transmitted if: a Carriage Return is 
received, the maximum frame length is reached, or the 
send.Lframe flag is set by the virtual terminal timer. A 
.new buffer must be obtained if none of the above is true 
and the max buffer size is reached. 


If a frame needs to be sent the last TBD's EOP bit is set 
and its buffer count is updated. The 82586 Handler's 
SendJrame() 
function 
is called to transmit 
the 


frame, and continues to be called until the function re- 
turns TRUE. 


The loop is repeated until a 'c followed by a Carriage 
Return is recieved. 


5.3.2 RECEIVING 
FRAMES 


Upon initialization the UAP module calls the Add_ 
Dsap_Address(dsap, 
pfunc) function in the LLC mod- 
ule. This function adds the UAP's LSAP to the active 
list. The pfunc parameter is the address of the function 
to call when a frame has been received with the UAP's 
LSAP address. 
This function 
is Recv_Data_I(). 


Recv_Data_I() 
looks at the control fteld of the 
frame received and determines the action required. 


The commands 
and responses handled 
by Recv_ 
Data_I() 
are the same as the Station Component's 


commands and responses given in Figure 15. One dif- 
ference is that Recv~ata_I() 
will process a UI 


command while the Station Component will ignore a 
UI command addressed to it. 


Recv_Data_l() 
will discard any UI frames received 
unless it is in the Terminal Mode. When in the Termi- 
nal Mode, Recv_Data_I() 
skips over the IEEE 802.2 
header information and uses the length fteld to deter- 
mine the number of bytes to place in the Receive FIFO. 
Before a byte is placed in the FIFO, the FIFO status is 
checked to make sure it is not full. Recv_Data_I() 
will move all of the data from the- frame into the Re- 
ceive FIFO before returning. 


When a frame is received by the 82586 handler an in- 
terrupt is generated. While in the 82586 interrupt rou- 
tine the receive frame is passed to the LLC layer and 
then to the UAP layer where the data is placed in the 
Receive FIFO 
by 
Recv_OctaLData_I(). 
Since 
Recv~ata_I() 
will not return until all of the data 


from the frame has been moved into the Receive FIFO, 
the 8274 transmit interrupt must be nested at a higher 
priority than the 82586 interrupt to prevent a software 
lock. For example if a frame is received which has more 
than 256 bytes of data, the Receive FIFO will ftll up. 
The only way it can empty is if the 8274 interrupt can 
nest the 82586 interrupt service routine. If the 8274 
could not interrupt the 82586 ISR then the software 
would be stuck in Recv_Data_I() 
waiting for the 
FIFO to empty. 


5.4 Monitor Mode 


The Monitor Mode dynamically updates 6 station relat- 
ed parameters on the terminal as shown below. 


The Monitor_Mode() 
function consists of one loop. 


During each pass through the loop the counters are 
updated, and a frame is sent. Any size frame can be 
transmitted up to a size of the maximum number of 
transmit buffers available. Frame sizes less than the 
minimum frame length are automatically padded by the 
82586 Handler. 


The data in the frames transmitted 
in the Monitor 
Mode are loaded with all the printable ASCII charac- 
ters. This way when one station is in the Monitor Mode 
transmitting to another station in the Terminal Mode, 
the Terminal Mode station will display a marching pat- 
tern of ASCII characters. 


11 of Good 
11 of Good 
CRC 
Alignment 
No 
Receive 
Frames 
Frames 
Errors 
Errors 
Resource 
Overrun 
Transmitted 
Received 
Errors 
Errors 


32 
0 
00000 
00000 
00000 
00000 
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5.5 
High Speed Transmit Mode 


The High Speed Transmit 
Mode demonstrates 
the 
throughput 
performance of the 82586 Handler. The 
Hs~mit_Mode() 
function operates in a tight loop 


which gets a TBD, sets the EOF bit, and calls Send_ 
Frame(). The flow chart for this loop is shown in Fig- 
ure 19. 
. 


The loop is exited when a character is received from the 
terminal. Rather than polling the 8274 for a receive 
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Figure 19. High Speed Transmit 
Mode 
FlowChart 


buffer full status, the 8274's receive interrupt is used. 
When the Hs~mit_Mode( 
) function is entered, the 


hS-Jtat 
flag is set true. If the 8274 receive interrupt 


occurs, the hs_stat 
flag is set false. This way the loop 


only has to test the hs_stat 
flag rather than calling 


inb( ) function each pass through the loop to determine 
whether a character has been received. 


The performance measured on an 8 MHz 186/51 board 
is 593 frames per second. The bottle neck in the 
throughput is the software and not the 82586. The size 
of the buffer is not relevant to the transmit frame rate. 
Whether the buffer size is 128 bytes or 1500 bytes, 
linked or not, the frame rate is still the same. Therefore 
assuming a 1500 byte buffer at 593 frames per second, 
the effective data rate is 889,500 bytes per second. 


This can easily be demonstrated by using two 186/51 
boards running the Data Link software. The receiving 
stations counters should be clearedthen 
placed in the 


Monitor mode. When placing it in the monitor mode, 
transmission should not be enabled. When the other 
station is placed in the High Speed Transmit Mode a 
timer should be started. One can use a stop watch to 
determine the time interval for transmission. The frame 
rate is determined by dividing the number of frames 
received in the Monitor station by the time interval of 
transmission. 
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int~ 


JU.MPERS REQUIRED 


Jumper the 186/51 board for 16K byte PROMs in U34 
and U39 Table 2-5 in 186/51 HARDWARE REFER- 
ENCE MANUAL (Rev-001) 


186/51(E5) 


E151-E1520UT 


E152-E150 
IN 


E94-E95IN 


E100-E1061N 


E107-E113IN 


E133-E134IN 


186/51 
(5)/186/51 


E199-E203 
OUT 


E203-E191,IN 


E120-E119IN 


E116-E112 
IN 


E111-E1071N 


E94-E93IN 


also change interrupt priority jumpers - switch 8274 
and 82586 interrupt priorities 


E36-E44 
OUT 


E39-E47 
OUT 


E37-E45 
OUT 


E43-E47 
OUT 


E46-ESO OUT 


E44-E48 
OUT 


WIRE WRAP 


E36-E47IN 


E39-E44IN 


E79-E45IN 


USE SDM MONITOR 


E43-E50 
IN 


E46-E47IN 


E90-E48IN 


The SDM Monitor 
should 
have the 82586's SCP 
burned into ROM. The ISCP is located at OFFFOH, 
Therefore for the SCP the value in the SDM ROM 
should be: 


ADDRESS 
FFFF6H 
FFFF8H 
FFFFAH 
FFFFCH 
FFFFEH 


DATA 
XXOOH 
XXXXH 
XXXXH 
FFFOH 
XXOOH 


To run the program begin execution at ODOOO:6H 
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I.E. G DOOO:6 


GOOD LUCK! 


•••••••••• 
submit file for compiling one module: 
•••••••••• 


run 


cc86.86 
:F6:%O LARGE ROM DEBUG DEFINE(DEBUG) 
include(:F6:) 


exit 
.........• 
submit file for linking and locating: 
.......... 


run 


link86 
:F6:assy.obj, :F6:dld.obj, :F6:11c.obj, & 


:F6:uap.obj, lclib.lib to 
:F6:dld.lnk segsize(stack(4000h)) 'notype 


10c86 
:F6:dld.lnk to 
:F6:dld.loc& 


initcode 
(ODOOOOH) start (begin) order(classes(data, 
stack, code)) & 
addresses(classes(data(3000H), 
stack(OCBOOH), 
code(OD0020H))) 


oh86 :F6:dld.loc to :F6:dld.rom 


exit 


, 
. 
submit file for burning EPROMs using IPPS: 


ipps 


i 86 


f :F6:dld.rom (OdOOOOh) 


3 


2 


1 


o to 
:F6:10.byt 


y 


1 to 
:F6:hi.byt 


y 


t 27128 


9 


c :F6:10.byt t p 


n 


C :F6:hi.byt t p 


n 


exit 
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IPCD/V5R/CHUCI'./CSRC/DLD. 
H 
,.........................................................•.............. 
· 
. 
• 
82586 
St1"uctu" •• 
and Con.tent. 
* 
• 
• 
......................................................................... , 


ed.;ln. 
IMJBE 
."itfltne 
S91TY 
••• 
'In* 
FULL 
••• 
fl1n. 
FREE 
•••'in. 
TRUE 
••• Hn. FALSE 
.d.Hn. 
NULL 


o 
1 
2 
1 
1 
o 
O.FFFF 


•••fin. RBUF_SIZE 
.,.flne 
TBUF_SIZE 
••• Hn. ADD_LEN 
••• 
'lne 
fllULTI_ADDR_CNT 


128 '* ,..c.lve 
buff ••. 11,. *' 
128 /* 1:ren•• lt 
Itu".'" 
slz. *' 
6 
16 


e•• 'ine 
PASSED 
0 
•••Hn. F•••ILEDJlI_ 
1 
•••fin. F•••ILED_~.I'._INTEllNAL 
a 
.'.Hn. 
F•••ILED_LP.I'...,.E.TEllNAL 
3 
•••fin. F"'ILEDJ.P.I'._TII~EIIIEII 
4 
'* Fr••• 
e•• ,tn. 
e".'ln. 
e"e'lne 
ed.'ln. 
e•• fine 


Co••• 
"d. 
VI 
XlD 
TEST 
PJ' 
_BIT 
C_R_BIT 


., 
0.03 
O.AF 
O.E3 
Oal0 
0.01 


'* Unnu.b.,...tf 
In,o,. •• tion 
F"••• *' 
'* Elche" •• 
Identification 
*' 
'* R.aot. 
Loopbac 11:T•• t *' 
'* Poll/Final 
81t 
POlition *' 
'* Co••• 
nd/R •• pan •• 
bit 
in 
asAP *' 


e•• fln. 
DIIN'_CNT 
8 
I. 
Nu•••• l" d•• 
110 ••• 11I1. 
DSAP., 
.Ult 
••• 
."lt1pl. 
0' 
2*itN, .nd 
D8AP ., ••"'•••••••• 
i,n." 
.u.t 
b. 
divi.Utl. 
It,, Z"(8-N). 


(1.•. 
the 
N LSB•• 
u.t 
•• 
0) 
*1 


•••• fin. 
DBAP_IIHIFT 
5 
I· 
D8AP_SHIFTS .".t 
.,,,.1 8-N *1 


.d.fln. 
XlD_LENQTH 
6 
1* 
NU ••• 
l" of 
Info 
".•t •• 
'o'!' XID R •• pon •• 
, •.••• 
*1 


.truct 
SCp 
{ 
u_short 
.V."u.J 
1* 82:586 Itu. width, 
0 - 
16 bit. 
1 - 8 bib 
., 
231421-17 
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u_'ha,,' 
Junk till, 
u_'hoT't 
llcpl, 
'* la •• " 
1. bit, 
of 
llcp 
•••••" ••• *' 
u_,ha,,' 
1lcph; 
1* Upp." 8 bit. 
0' 
llcp 
add" ••• 
*1 
}, 
'* Int • .,.•••dl.t. 
SUit •• 
Configuration 
Point •.•• ISCP *' 


.t1"uet 
IBCP 
< 
u_'hoT't 
bu." 
J ,*••t to 
1 ItV cpu b.fo". 
it, 
fl"'lt 
CA. 
cl •• ,..d 
It" 82586 .'te" r-•• d1nl *' 
v_'ho"t 
of, •• t, 
'* of ••• t 
of 
•••• t •• 
control 
block *' 
u_IhoT't 
b••• 
l 
J '* b••• 
of 
IVlt •• 
control 
block *' 
v_,hort 
It••• a , 
} , 


1* SV.t •• 
Control 
Blocll 
BC8 *' 


V_IhoTt ,t.t. 
u_Ihort 
cad, 
v_Ihart 
cb l_o'f 
•• t, 


u_,hort 
"fa_off 
•• t, 
u_,hort 
CY"C_*""I' 
v_,hort .In_*''''I' 
v_,hort 
.,.,c_er.,.., 
u_'ho"t 
evr-_a""'J 
}, 


'* St.tuI 
w01"d*' 
'* Co••• 
nd word *' 
'* Of, •• t of 'i"s' 
co••• nd 
black 
in 
elL *' 
'* Off 
•• t 0' 't,.." 
,,,••• 
".,cT'iptoT' 
in 
RFA *' 
'* CRC ."1"0'" 
.ecu.ut.t.d 
*/ 
'* Al ilne.nt 
.1"1"01".*' 
'* Fr •••• 
lo.t 
b.caua. 
0' no 
R•• ourc •• *' 
'* Ov.,.,.un 
.,.ro,.a *' 


/* 
Co••• nd Block *' 


at,.uct 
CB 
u_ahort 
.t.t, 
u_short 
ce.-, 


u_ahort 
1tnln 
u_shOf't 
,ar.l, 
u_sho .••t ,.,.e2, 
u_aho .••t ,.,.ta, 
u_sho r- t 
,a,.". 
u_sho,.t 
,.,..." 
u_shoT't 
,.T'e6. 


'* at.tus 
0' Co••• nd *' 
'* Co••• nd *' 
'* link 
'i.ld 
*' 
'* p.,..e.t.rs 
*' 


st,.uc t 
M_CB( 
u_ahof't 
at.t, 
'* St.tus 
0' 
Co•••• nd •.*' 
u_shol"t 
c.d, 
'* Co_and *' 
u_.ho,.t 
1ink. 
'* Link 
'i.ld 
*' 
u_.ho,.t 
ec_cnt. 
'* Nueb.,. 
0' 
I'tC 
.dd,. ••••• 
*' 
cha,. 
ec_add,.CADD_LENet1ULTI_ADDR_CNT]' 
,* 
JItC 
.dd,. •••• 
1" •• *' 
}, 


at,.uct 
TBD 
231421-18 
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:-a. r 
u_.hort 
rbd_off 
•• tl 
'* Receive 
buff.,. descriptor 
off •• t *1 
cha,. 
d•• t_addr[ADD_LEN1I 
'*O •• tin ••tion 
addre 
•• *' 
char 
.rc_.ddr[ADD_LENli 
'* 80ul"c •• 
dd" ••• *' 
u_.hort 
length, 
'* Length 
field 
*1 
}, 


.tT'uct 
RBO 
{ 
u_.hort 
act_cntJ 
u_.hort 
1ink. 
u_.hort 
buff _1; 
u_.hort 
bu'f _hi 
v_.hort 
.ize, 
.truct 
RB 
.buf' Jt,,; 


}, 


.truct 
RB 
{ 
cha.,. 
d.t.[RBUF 
_SIZEl. 
}, 


'* Actual 
number 
of 
b",te. 
received 
*1 
'* Of, 
•• t 
to 
nellt 
RBD *' 
'* Lo••••r- Ib 
bit. 
of 
buffer 
addre •• *' 
'* upper 
8 bit. 
of 
buf'fe" 
addr ••• *' 
1* .iI. 
of 
buff.,. *' 
'* not 
used 
b•• the 
~8b: 
used 
b•• the 
.o,t'-l""'. 
to save add,..,. 
t,.8n51••tlon 
routine. 
*, 


'* D•• tin.tion 
Service 
Acc •• s 
Point *' 
'* Source 
ServIce 
Acces. 
Point *' 
'* ISO 
Oat. 
Link 
Command *' 


'* 
INUSE 
Of' 
FREE *' 
231421-19 


struct 
FRAf'1E_STRUCT 


unsign.d 
chil" 
unflilln.d 
chil" 
unsilln.d 
chil" 
}, 


'* LSAP Add" ••• 
r.b 1. */ 
st-ruct 
LAT < 
stilt; 
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'* tll •• no•• 
co••• "d coa,let. 
*' 
'* netwo,., 
dt.gnoltic 
,t.tt,tiel 
on/off *' 
'* don't 
•.••• t when thil 
~it 
tl 
•• t *' 
'* r ••• t 
when 
this 
bit 
t, 
•• t *' 
'* 100, •• cl 
t•• t f1 •• *' 
'* 100p •• cl 
aoll. 
onloff 
*' 


int 
(*,_,.p_'unc) 
C), '* Point.,. 
to 
LSAP 'unction' 
•• ,ociata. 
_I th 
d•• , 
.tld,. ••• *' 


,truct 
fitAT 
( 
ch." 
ch.,. 
}j 


'* "ultic •• t 
Aild.,. ••• 
T.bl. *' 
.t.t, 
'* lNUBE 
aT' 
FREE ./ 
.ddT[ADD~ENlJ 
'* .,tu.l 
ac •• d.,. ••• *' 
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struct 
FLAGS 
< 
unltlne. 
tll •• _don. 
1, 


unltlne 
•• 
t.t_on: 
J 
un,ilne" 
r ••• t_.... 
1 
unltlnad 
,.••• 'J.nd 
1 
unltlna. 
1,.,_, 
•• t: 
1 I 
unltln.d 
1, ..'_ao .•• : 
1 
J 
} 
j 


'* Oen.,..1 
pu,.,o •• 
bit, 
-I 


e•• fln. 
ELl IT 
018000 
••• fin. 
EDFIIT 
018000 
e•• ,ine 
SIlT 
014000 
e•• fln. 
IIIT 
012000 
e".'ln. 
Cl IT 
018000 
8d.ftn. 
lalT 
014000 
••• 'lne 
DKlIT 
012000 
'* BCI 
,_tt.rn, 
-I 
.d.'ln. 
CX 
018000 
e•• ,in. 
FR 
014000 
e•• 'ine 
CNA 
012000 
8•• 'in. RNlI 
0.1000 
edefine 
RESET 
0.0080 
edefine 
CU_START 
0.0100 
edefine 
RU_ITART 
0.0010 
edefine 
RU_I\IIORT 
0.0040 
ede'ine 


CU__ 
0.0700 
•• e'ine 


RU__ 
0.0070 
edefine 
RU_RE"'OY 
0.0040 


/. 
e.'86 
Co••• nd. -I 


•• efine 
NOP 
0.סס00 
.define 
I'" 
0.0001 
.define 
CONFIQURE 
0.0002 
.define 
I1C_BETUP 
0.0003 
.define 
TR_IT 
0.0004 
.deflne 
TDR 
0.000' 
.define 
~ 
0.0006 
edefine 
01"'_ 
0.0007 
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'* ea-. C•••• 
n. anti .,_,,, ••••• 
11. *' 


e•••fine 
CPID_MSK 
0.0007 
••• fin. 
ICIER"IIT 
0.2000 
"oUno 
CDLL_ 
0.0001' 
"oUU 
DEF_ 
O.ooeo 
"oUno 
NOCII_ 
0._ 
"oUno 
UNIIEIIII_ 
0.0100 
"oUno 
__ 
0.0040 
"oUno 
•••••XC~ 
O.ooao 
"oflno 
OUT_OF_IIEBOU11CES 
0.0200 


"ofino 
FIFOJ.IN 
O.oeoo 
"ofino 
IVTE_CNT 
0.000. 
"oflno 
alDV 
0.0040 
"ofino 
SAY_IF 
O.ooeo 
"ofino 
AODII_LEN 
0._ 
"ofino 
AC_LOC 
O.oeoo 
"ofino 
"REMJ.EN 
0._ 
•••fin. 
INT_loP.CK 
0,4000 
"ofino 
EXTJ.•••C... 
0._ 
"ofino 
LINJ'RIO 
0.סס00 
•••fin. AtR 
01סס00 
"oUno 
IOF.J1ET 
O.ooeo 
"ofino 
IFS 
O•.aoo 
.,oflno 
SLOT_TINE 
0.01100 
',oUno 
IIETIIV__ 
O.Fooo 
e•• 'ln* 
••_" 
0.0001 
"oUno 
IC..JIIS 
o.ooo:z 
.,11.fine 
MNCtE8TEJt 
0,0004 
"ofino 
TOND_CIIS 
0._ 
"oflno 
HeRC_I" 
0.0010 
.,.fI 
no CIIC_l. 
o.ooao 
"oUno 
IT_IITUA' 
0.0040 
••• fine 
,.AD 
OIGOeO 
"oflno 
CIISF 
0.סס00 
"oflno 
CIIS_alC 
o.oeoo 
"oUno 
CDTF 
0.סס00 
"oflno 
COT_alC 
0._ 
,,.flno 
NINJRtIJ.EN 
0.0040 
10 •• 
~~'o •• 
, 
'''fino 
NINJI"TAJ.EN NIN.JIINJ.EN - 
11 
I••• ou••• 
EUnno.,lE££ 
802.3 
,,, •••• 
with 
6 ." 
•• 
of .'.1"••• *' 


10 uu FIFa 
11. 
of •• 
, 


/ •••• 
"••• 
1enl'" 
of 6 .,t•••/ 


'* IFS t,•••. 6 u•• c *' 
le 
al.t: 
'1 •• 
51. a u•• c ./ 
'* "8''''" 
nu••••.•• 15 ./ 


'* no coll1sion 
•• 'eet 
ftlt •.•.*' 
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C 
,...........................•.....................•............. 
_ 
. 
e 
* 
•. 
82586 tundl.l" 
•. 


e 
* 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
**••••• , 


.define 
CB_CNT 
.d.fine 
FD_CNT 
.deflne 
RBD_CNT 
.de'lne 
TBD_CNT 


8 
'* NUMb.,. 0' 
availabl. 
Co••• nd BlockS *' 
16 '* Nu.b.,.. 0' available 
F,.••• 
D•• c1'iptol"l *' 
64 
/* NUMb.,. of 
available 
Receive 
Buff.,. 
d•• cripto 
t- s *' 
Ut '* NUMb.,. 0' 
availabl. 
T,.._" •• lt Bu,f.,. 
d•• c,.iptors 
*1 


• de'lne 
INTER __ 
J-OOPBACK 
.de.lne 
EXTER __ 
J-OOPBACK 
.de'lne 
NOJ-OOPBACK 


.include 
"did. 
h" 
'* 586 Dat. 
St"uctUl'.' *' 
'* 186 Tl•• ,. Ad.IT'••••• *' 


.de'lne 
TlI'IERI_CTL 
OIFFiIE 
.de.lne 
TlI'IER1_CNT 
OIFF:MI 
.de'lne 
TlI'IER2_CTL 
O.FF66 
.de'lne 
TlI'IER2_CNT 
O.FF60 


'* ••ternel 
'unctions 
*' 


1* 1/0 
Int 
void 
void 
void 
void 


elin,,(). 
,_ 
out"'()J 
,_ 
lnit_intv( 
h ,_ 
.nab1.()J 
,_ 
di •• bl.()J 
'* 


input 
IIIfOl"d 
: 
inw(addr 
••• 
) *' 
output 
word: outw(add.•.••••, 
valu.) *' 
initialil. 
the 
int.,..,..upt 
v.eto,.. 
tabl. *' 
.nabl. 
80186 
int.,..,..upt. *' 
di •• bl. 
80186 
int.,..,..upt. *' 


SEOI1TI 
*,NULL, 
'* Data 
••••• 
nt 
v.lu. *' 
'* NULL 
point.,. *' 


,. 
Mae,"o 't\lp.' 
0' 
•• 'initions 
*' 


_••• in. 
EBIJ-tXlPBACK 
out.(OrCI.O) 
,. 
put 
the 
ESI 
in Loo,baelc *' 
_d •• in. 
NO_ESJ_LOOP8ACK 
out.(0.Ca.8) 
,* t.lc. 
the 
ESI out 
of Loopb.c" *' 


_•• fln. 
E01_8013O 
Dutb(OrEO.0.63) 
'* End 0. 
Int.,.,.upt *' 
_•••• In. 
Tlf1ER1_EOI_BOI86outw(OrFFi22,Or04) '* EOl fo,. Tl •• ,. 1 on the 
186 *1 
••• 'in. 
Tlf1ER1,J::DI_80130outb(O.EO.0.64) 
I*EOI flo,. IB6'. 
Tl •• T! on the 
130 *' 
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1oI1I.J.tl0." 
Jountl 
u_aho"t 
u_aho"t 
unalgned 
long 
u_ahort 
u_ahort 
unaigned 
long 
u_ahort 


100"_ •• 1. ~_cn~1 
underf'un_cntJ 
no_e"a_cnt' 
def.r 
_cnt, 
."._err 
_cnt, 
••• _col_cnt' 
recv_'ra 
•• _cnt, 
reaet_cnt. 


231421-23 


struct 
FLAQS 'l.ga, 


/* 
:MI6 
structurea 
*' 


'* 
9••ste. 
Con'iguration 
Pointer: 
Roa Initi.lit.tion 
*' 
'* 
struc 
t 
SCP scp 
• 
<0.סס00.0.סס00,0.סס00. 
O.lFF6. 0.סס00);*/ 


struct 
sca 
.cbl 
'* 
S••st •• 
Cont"ol 
Blocll 
-, 


atruct 
CB cb[CB_CNTl, 
'* 
Co_and 
Bloclls 
*/ 
_c lI_tos. 
*be. in_cb 1. 
_.nd_cb 
11'* point.r 
to 
the 
be.innin. 
oil the 
'ree 
co•••• nd blocll 
list 
(cb_tos) 
and 
the 
b.ginn1nl 
.nd 
.nd 
0' 
the 
B2S86 cbl *' 


.t"uct 
TBD tbd[TBD_CNTl. 
'* T"••n•• it 
Bu".r 
D•• crlptor 
_I' 


_tbd_toSJ 
'* polnt.r 
to 
the 
'r •• 
Tr ••n•• it 
bu".r 
d.scripto1". 
*' 


struct 
FO 'd[FD_CNTl. 
'* Fr •••• 
O•• criptor. 
*/ 
*b•• in_'d. 
*.nd_'d; 
'* point."s 
to 
the 
b.ginning 
••nd .nd 
of 
the 
'r •• 
FD list 
*/ 
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'* pointe"s to the ,.,innln, 
.nd the 
*nd o' 
the 
,,'cl 
1t.t *' 


231421-24 


'* Receive 
luffe"s 
*, 


.'ruc' 
"",T 
•• UI1ULTI_ADOR_CNTlI 
.'"uct 
MA_Cl ••• _cb. 
/. 
Multic 
•• ' 
Add" ••• 
Tabl. 
*1 
'* Multic 
•• ' 
Add,. ••• 
Ca••• 
"d 
8lock 
*1 
'* Th. 
'ollowinl 
.tructu,. ••• ,.. us.d 
onl.,. 
in 
R••• '_586() 
function 
*' 
.'"uet 
CB 
,. •• _cb, 
'* T•• ,Ia,..".,. C8 '0,. 
".initi.liI1nl 
the 
'86 *' 
.t",uet 
M_Cl 
,..••.•...••_cb' 
'* T•• po"a.,. ••• ""_C8 
'01" ".lo.ding 
Multic 
•• ' *' 


int 
Cl 


c • 
l"b(O.£2), 
'* ",••d the 
80130 
tnt.,..,.upt 
••• Ir •.•,tst.,. *' 
Dutlt(O.E2, 
OIOOF? • 
ch '* writ. 
to 
the 
80130 
interrupt 
••• k .,..,tat.,. 
*' 


Dioeb 
1o_586_ln. 
( ) 
( 
lnt 
Cl 


c • 
in" (0.E2)) 
DutbCO.E2, 
0.0008 
I c), 
} 


} 


outwCTlPER1_CNT. 
0), 
'* '''''It 
••• 
0 
to 
Tt •• ,.t 
count 
,..•• tat.,. *' 
Dut.CO.FF5E. 
0.£009), 
'* S.t 
EtUbl. 
bit 
in Tt•• ,..l "041./(0"'1"01 ,,*.t.t.,. *' 


R••• t_Tt •• out () 
( 


Init_Ti 
•• "() '* 186'. 
Ti •• " 2 i •• 
,,, •• e.l.,, 
'0" Ti •• " 
1. 
It 
eloc'. 
Ti •• " 
1 
.v.,," 32.7 
••• C. Th••••••• 
n ti •• Dut 
i ••• 
t '0" 
1.25 
•• c *1 


out ••CO.FF3B, O.OOOC)J 
1* Set 
Ti •• ,,1 
Inte""upt 
Cont"ol 
".,i.t." 
*1 
out ••CO.FF62, 
O.FFFF) , 
'* .e't 
••• 
count 
".,i.t." 
'0" ti •• ,,2 to 
OFFFFH *1 
out.(O.FF~, 
38). 
1* •• t 
••• 
count 
".,i.t." 
It '0" 
ti •• T' 
1 *1 
out ••CO.FF66, 
0.C001), 
/* S.t 
Tl •• ,,2 "oel./Contro) 
".gl.t." 
*1 
outw(O.FFSE. 
O.6OO4Ph 
/* S.t 
TI•• ,,1 r1od./Cont"ol 
".,ist.,.. 
*1 
outw(O.FF28. 
(inw(O.FF28) 
.O.FFEF», 
1* En.bl. 
186 Ti •• ,,1 
int.,.,.upt 
*1 
Dutb(O.E2. 
(in. 
(O.E2) 
• 
O.OOEF»J 
1* .n.bl. 
80130 
int.""",t 
'1'0. 
80186 
*1 
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selt. erc_e," •••• 
0, 
aeft .• In_o,,.,.. 
- 
0, 
lelt. ,.I,_el'''' - 
O. 
Icb. 
OV1"__ ""I - 
O. 


100d_x.1 '_cn' 
- 
0, 
un".".,.un_cnt 
- 
0, 
no_cyo,_cni: 
• 
0, 
•• fe" _cnt 
• 0, 
., __e".,._cnt 
- 
0, 
•• x_col_cnt 
• 0, 
r.cv_',. ••• _cnt • 0, 
r ••• t_cnt • 0, 


/* tntt 
de'. I1nll .tatt.tlel *' 


I'",uct 
IBCP.,tlc" 
u_Ihart 
11 


1'1"Uct 
MT 
_, •• ta 


ND.-E8J_Lc:x:PIACK, 
1* Don. '0'1" 
82501. 
Inactlvat •• 
CIltS l' 
,ow."." 
u, 
in 1.0,•••cll *' 


lnlt_lntv< 
), 


Intt_Tt 
•• ,.C ), 


'1 •••. r-••• 
t_ •••• 
- 0, 
'1 •••. "••• ,..,,*,,4 • 0, 
'10.a .• ta'_on 
- 1, 
'* Inltta1tl. 
R••• t FI ••• *' 


,1Ic,. 
O.()()O()FJirFo, '* Inltl.l1le 
the 
ISC" ,otnt.,.o, 
,.IC,->ItUIV 
• 
1, 
,llc,->o",.' 
- 
Of,••tC •• eft), 
,llc,->b 
••• l - 
SEotfT « 
4, 
••llc,-> 
•••• 
2 - 
(SEOMT » 
12) 
• 
OaOOQF 
J 


,NULL - 
.ul1dJtrCMJl..L), 
'* Itutld 
• 
NUU. ,01nto", 
- 
8086 t",.: 
32 lIit. *' 
luild_R,.e 
h 
'* lnlt 
lIt.c.iv. 
F" ••• 
A"•• *' 
lul1d_Cb(); 
'* lnlt 
Co••• n4 11DC' 11.' *' 
•• _c~. c." 
- 
OJ 
'* .ultic 
•• t 
•••••" ••••••• 
phD". 
1ntt *' 


'0" 
( 1 • 
OJ 1 <- O.FFOO, 
1++) 
231421-25 
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if 
Caclll 
.••• 
t - 
(CX 
I 
CMA» 
,....., 


I' 
(I 
>OIFFOOI 
Fatal(-DLD: lnlt 
- Did not ,., 
an intel"T'upt 
.,te" 
R••• t/CA'""), 
'* Acll the 
r ••• t 
Int.r,"upt 
*' 
lelt. c_cI 
- 
(CX 
I 
CHA), 
CA, 
W.U_Sc~(), 
Enaltle_586_Jnt( 
), 


le". cbl_off •• t - O'f •• tC.cIlCO:H, 
Iclt. ",'e_o"'.' 
• O,••• t<.,.fCOl), 
'* 1in. 
Icb 
to 
cb and 
'd 
1i.t. *' 
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'.1" 
(i 
- 
01 
i < ADD..J-EN' 
i++) 
who•• t[CADD_LEN - 
1) 
- 
1] 
- 
tnbCwho •• i_io_adll 
+ 1*2), 


'* Initialization 
the 
"ultic 
•• t 
Alld,. ••• 
Talll. 
*/ 


for- 
(p•• t • ""[0], 
,aat 
<- ••• t[t1U..TI_ADDR_CNT 
- 
1], 
, •• t.+) 
, •• t->.tat 
• FREE, 


Conflguu 
(lNTERNALJ-DDI'BACK 
I, 
'* "ut 
586 
in 
int.1"nal 
100pll.c 
11 *' 


T•• t_Link (), 


l' 
(Sel'_T 
•• t !- PASSED) 
".tur" (S.l, 
_T•• t), 


) 


lulldJlf.( 
I 


( 


.tT'uct 
FD 
,t"uet 
RBD 
.t,..uct 
RB 
unltlned 
1anl 


.p'th 
.prlttt, 
.pltu', 
"add, 
'* Build. 
line.r 
Itn'." 
ft-••••• 
,cT'i,tor 
li., *' 


'or 
(p.4 
- 
.'dCO]J 
p'41 <- .fdCFD_CNT - 
1]. 
,fd++) 


pfd->_t.t - ,f.->.I_, 
- 0; 


p'4->1 
ink 
- 
Dff •• t (,fd+1) 
J 
,fd->rln'_off 
•• t - 
NUU.J 
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end_'d 
- 
--,fell 
'* point: 
to 
.'dtFD_CNT 
- 
1] 
*1 
,'d-:>11nll 
• 
NULLs 
'* 1•••• 
'd 
1ink 
t.a NULL*' 
,'d-:>el_, 
• 
ELBITs 
1* l •• t 
Id 
h•• 
EL 'it 
••t *' 
••• tn_fd 
- 
,'d 
- .,,1[0]1 
1* point 
to 'ir,t 
'd *' 
pfd-:>rbd_o" 
•• t • O, ••• t(."bd[O]); 
'* link 
'11-••• 'iI 
to 
fiT'lt 
rbcl 
*1 


for 
(prbcl 
- 
."bd[O], 
,ltu' 
•• 
",bu'tOls 
,,,b. 
<- "'bdtRID 
CNT - 
1]; 


,,,'cI++. 
,buf++) 
( 
badd 
• 
SEQ"T 
« 
41 


,.dd 
•• 
O" •• t(plllu'); 
prbd->bu" 
_1 - 
,.dd, 
prbd->bu" 
_h • 
'.dd 
» 
161 
prbd->ltu" 
-It" - ,bu', 


,T'bd->act_cnt· 
01 
prbd-:>U,nll: • 
O" •• t(,,"bd 
+ ll, 


,,,bd-:>lll 
•• 
RBUF_8IZEJ 


end_l"bd • 
--,,.'dJ 
,,.bd->1 
in I!:• 
NULLJ 
,,.'d-:>.1 
le 
1- ELelTs 
'* l••t ,..••• ,ointl 
to NULL*' 
'* l •• t rlu' h••• 
1 bit 
•• t ., 


ptbd-:>act_cnt 
• 
TBtM=' _BIZEs 
ptbd->ltnlr 
.·O" •• t(,tltll 
+ 1); 


'or 
(ptbcl 
- 
."bd[O]. 
,ltu' 
- .tbu'[O); 
,t'd 
<- .t'dCTID_CNT 
- 
1), 
,tbll++. 
pbuf++> 
< 


Build_C'() 
'* 
Build. 
stee. 
of 
fr •• 
eo••• n. 
bloells *' 
{ 
struet 
ca 
*peb, 


struet 
TID .ptbd, 
_true 
t 
TB 
.pbufJ 
unsiln.d 
lonl 
bedd, 


for 
(peb 
- 
.e'CO)l 
pc. 
<- .ebCCB_CNT 
- 
I), 
pe'++) 
( 
peb->stet 
- 
01 
pcb->c.d 
- 
ELBITJ 
pcb->linll 
- 
Off •• t(peb 
+ 1); 


) 
--pcb; 
b.lin_cbl 
- 
.nd_cbl 
- 
pNULLJ 


pcb->l1nll 
- 
NULL. 


'Cb_to. 
- 
Iccb[O)J 
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.,.dd 
+- Off •• t(pbuf)J 


ptbd->buf' 
_1 • 
"add, 
ptbd->bu" 
_" 
- 
badd 
» 
16.1 
ptbd->bu"J'r 
- ,ltu', 


--pttl", 
,1:"II->11nll 
• 
NULL, '* l •• t 
tltd 
link 
i. 
NULL *' 
tbd_toa 
- 
.'''11[0], 
'* lSe' 
the 
Top 0' 
the at.c. *' 


'* g.t 
• Co••• nd 810c 
11 
'1"0. ,I'll. f" •• 
1i.t *' 


.truct 
CB 
-o.t_Cb() '* ,..turn 
• pointl" 
to • ,,,., 
co•••and 
blocll 
*1 
( 


if 
(O" •• t(pe" 
- 
cb_to.) 
- 
NULL) 
r.tur" (,NULL); 
cb_to. 
- 
(stTuct 
CB .) 
lutldJtrCpcb->llnk); 


pcb->linlr 
- 
NULL, 


r.turnC,cb); 


'* Put. 
COM••• nd 
Blocll 
••ack 
onto 
the 
,,.. •• 
li.t 
*1 


struct 
CB 
'PCDJ 


,cll->.tat 
- 
0, 


pclt->11nlil: 
- 
O" 
•• 1;Cell_to.), 
cb_to& 
- 
peb, 
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struet 
TBD 
,g.t_TbdC) 
'* ,...turn 
• 
pointl" 
to 
• 
,,..•• 
t .•.. 
an •• 1t 
bu"'''' 
",.c1'"I,1:o," 
*' 


.tT'uct 
TBD 


'la.s. 
r-••• t_ •••• 
- 
li 


Di •• bl._~_Jnt( 
)J 
if 
«ptbd 
- 
'1II••_to.) 
!- ,NULL) 
( 
tbd_to. 
- 
(.truct 
T8D .) 
Bul1dJt,.Cptbd->link}J 


ptbd->l 
inl 
• 
NULL, 
) 
En_bl._5B6_lntC 
)J 


'le ••. t- ••• 
t_ •••• 
- 0, 
if 
(.1_ ••. r ••• tJ.nd 
1) 
R ••• 
t_586( 
), 


r.turn(ptbd'J 
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struct 
TB!) 
_,tb •• 


{ 
struet 
TBD 
*, 
I 


p->act_cnt 
• 
T8UF_81ZE, 
/. 
cl •• l" 
EOFBIT and 
upd.t. 
si 1. 
on 
1•• t 
tb' 
*1 
,->11"11 - O•••• t('b._'o.). 
tb._tos 
• 
ptbd' 


struct 
CB 
-,etu 


~f 
«pcb 
• 
Oet_CIt(» 
- 
,NJL.L) 
F.t.1(lOdld. 
c 
- 
S.tl ••••"••• 
- 
couldn't ,.t • CB\""), 


•• 1•• 


,cb. 
O.'_CbOI 


•• ndif 
'* DEBUQ *' 


bcoPv«cha,.. 
.)."b->,.",.I, 
"ha 
•• l[Ol, ADD.-LEN), '* .DV. 
ttl. 
,1"0• 
• dd" ••• 
to 
lA cad *' 


Wat '_Sclt 
() ,* ••1t 
fof' 
the 
scb 
co ••• ", 
word 
to 
be 
cl •• ", *1 


'OT' (.t.t 
• FALSE, 
.tat 
.- 
FALSE. 
) 
< 


for 
(i-O. 
i<-o.FFOO, 
1++) 
if 
(seb. 
cad 
0) 
b", •• 
kl 


H 
(I 
> O.FFOOI 
{ 
BugCIODLD: Sclt 
co_and 
nat 
cl •• ",\"IO), 
CA, 
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} 
.1•••t.t • TRUE, 
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> 


I•• u._CU_C.d(pcbl 
1* Gu.u. 
up • 
co ••• nd 
.nd 
i•• u••• 
t.rt 
CU 
co~.nd 
if no 
oth.r 
co••• nd •• r. ,u.u.d 
*1 
.truct 
CB 
*pcb, 
{ 
Di •• b1e_5B6_Int( 
I, 
if 
(b•• in_cbl 
•• 
pNULLI 
{ 
1* if the 
li.t 
i. 
in.ctiv •• 
t.rt 
CU *1 
b.gin_cbl 
•• 
nd_cbl 
pcbl 


.cb. cbl_off •• t • Off •• t(pcbll 
W.it_Scb( 
1I 
.cb. c.d 
• CU_STARTI 
S.t_li •• out(11 
1* •• t d•• d•• n 
ti•• r 
for 
CU *1 
CAI 


>.1•• { 
.nd_cbl->link 
Off •• t(pcbll 
.nd_cbl 
• 
pcbl 


> 
En.bl._'S6_Int(11 


> 


Isr7( I 
c 


outb(OIEO. 
016711 


> 


hr6(1 
{ 


Writ.("\nInt.rrupt 
6\n"I, 
outb(OIEO. 
01661, 
1* EOI 
80130 
*1 
} 


I.r5( ) 
{ 
Writ.("\nInt.rrupt 
'\n"I, 
outb(OIEO. 
0165), 
1* EOI 
80130 
*1 


> 


1* Int.rrupt 
4 *1 
{ 
R ••• t_Ti •• out (I, 
if 
(fl•••. r ••• t_ •••••• 
11 
fl•••. r ••• t-p.nd. 
I' 
.1•• 
R ••• t_5B6( I, 


TIMERl~OI_801B6, 
TIMERl_EOI_80130, 
> 


1* Int.rrupt 
0 
i. U.rt 
in UAP 
"odul. 
*1 
1* Int.rrupt 
2 
1. Ti •• r 
in UAP 
"odul. 
*1 
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11,..1 () 
( 
Wl'ite("\nInte'rl'upt 
l\n-), 
outb(OIEO. 
0.61), 
,. 
EOI 80130 *' 


/* 58A Interrupt 
•• rvice 
!'Dutln.: 
Interrupt 
3 *' 
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u_Ihort 
.tat_Idu 
struct 
CB 
.,etu 
'* ne.t1n, 
ani •• the u.,.,t 
int."T'upt *' 


Welt_Scb(), 
leb. 
c..cI - 
(Itat_Iclt 
• 
leb.ltat) 
• 
(eX 
I CHA I FR 
I RNfU, 
C •••• 


If 
Coht_scb 
• 
CFR I "HR)) 
R.cv _ln1:_PT'oc ••• 
1nl ( ) I 


R.I.t_Tt 
•• out()1 
/. 
cl •• ,.. d•• d•• " ti ••,.. *' 
peb 
- 
luild_Pt"ClcIlL 
cbl_o.f 
•• t), 


if 
n.,1n_cbl 
•• 
pNULL)( 
BUIC-OLD: 
It*.i"_cbl 
_. 
NULL in 
int.rrupt 
l'outin.\nOl)J 
return. 


if 
«,cll->.,., 
• 
O.COOO> 
!- 0.8000) 
Fatal 
("OLD: 
C It it 
not 
•• t 
01" 
I 
It it ••t 
1n inte"rupt 
,"outln.\"·) 
J 


•• ndtf '* DEBUQ *' 


c••• 
TA•••• 
JT: 


'* if 
.,. 
btt 
- 
0 ancl '''.r••• T'. no coll1'10ns 
-> ., •• 
1"ro1" 
tht. 
condition 
tll111 DCCUT' on 
tfl. 
flrl' 
t",an •• t,.ion 
l' 
the,.. 
w.". no colli.ion 
•• 
01'" i. 
the 
,,,.viou. 
t".n •• it 
co••• nd " •• ch •• 
the 
••• 
colli.ion 
count •• 
nd the 
cu,..,...nt 
t".n 
•• i •• ion h." no colli.ion. 
-, 


if 
U,cb->oht 
• 
CBQEl'IASI\ : •••••XCOL_ 
I COLL_I) 
•• 
0) 
++.,._.",.. _cnt. 


if 
Cpcb->oht 
• 
DEFER_I 
++•• ,.,.._ent. 
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if <,clt->.'a' • NQERABIT> 
"lood_lal 
'_tnt • 


• 1•• 
< 


if ('c~->.,., •.HQCR_1 
++no_cT'l_cn\, 
if ('c~->.,., •. UNDERR~SKI 
++und.",,..u"_cntJ 
if (pc~->.'.'•.I1AXCOLI1ASKI 
++"I_col_c"tl 


} 
if 
(,c ••->,.",.1 
!- NULL) 
Put_T'" (Iut 1111''''(,cb->,.".I» 
J 


••,. •• k, 


c ••• 
DIAON08E: 


fl •••. 
di •• _don •• 
I, 


if 
(C,cb->.tat 
• 
NOERR8IT) 
•• 
0) 
Sel'_T 
•• t • FAlLEDJUAON08EJ 
br •• lu 


•• fault: . 


if 
(pcb->link 
- 
NULL) 
b•• in_clll;l 
- 
,NUL..L. 


"eoin_cltl 
• 
Build"Ytl"Cpcb->linlk), 


Icb. cbl_o" 
•• t • ,clll-)11n" 
Wait_Selte») 
leb. cad • 
CU_START. 
CA. 
Wait_Selt(), 
Set_Ti 
•• outC), 
,e STMT 
•••••••• 
n tt •• ,. *' 
>if «,c~->c.4•.CIUI__ 
1- 
IIe_SETUPI 
pcb->c." 
- 
0, '* cl •• .,. JItC_~ 
nul 
W01"II. 
this 
will 
i-.pl 
••• n' 
• 
lock 
•••• 'ho,.. 
la 
that 
it 
won't 
b. 
T.U •• ' 
unti 1 
it 
i, 
cOM,lete" 
*' 
el •• 
Put_CItC,cb), 
'* Don't 
•.etu"" 
f'IC_SETUP cllllldb!ocll. 
It', 
not 
a 
.*neral 
pUl'pO'. 
cOfMIand 
block 
'''0. 
f" •• 
CB li.t 
*/ 


> 
tli •• ltle(); 
/* di •• ltl. 
cpu int 
.0 
th.t 
th. ~86 i." 
will 
not n•• t 
*/ 
EOI_BOI30, 
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Rec"_lnt'yl"oc 
••• in. () 
< 
.truet 
,t,..uct 
FD 
RID 
.,Id) 
'* point. 
to 
the 
Fr ••• 
D•• ,rl,tor 
*1 
_,, 
'* paintl 
to 
the 
1•• t rbd 
for 
the 
,.,.••• 
*1 
.,,,bd, '* pointl 
to 
the 
firl' 
"It •• 'or 
the ,,, ••• *' 


for 
Cp'" 
•••• 
,in_'d, 
,.d 
!- ,NULL, p.d 
- 
'.gln_'d) 
If 
<,fd->.t.t 
• cain 
< 
•••• in_'d 
• 
(Itruct 
FD .) 
8ulldJtrCp'd->link', 
p"bd 
• 
(struct 
RBD .) 
8u11d_Pt"Cp'd->rbd_o" 
•• t" 
if 
(prbcl 
,- 
,NULL) ( '* checll 
to 
I •• 
if 
• bu".'" 
11 .tt.ch.d 
*' 


i' «,rltd 
!. 1t.,ln_"btU 
Fatal<-DLD: 
,,..bd 
!- ,.,I"_"'lId 
in Recv_lntyroc 
••• inll\n"" 


•• nd i' '* DEBUO*' 
'or 
C, • 
,rltd. 
(,->act_cnt. 
ECF8IT) 
!- EOFIIT1 


" • 
(s'ruct 
RID .) 
luild_Ptl"(q->linll»J 


••••tft_f'bd. 
(s,,.uct 
RBD .) 
lutld_PtrC,->linll), 


,-:>11"' 
• NULLI 


> 
If 
<,fd->.t.t 
• 
OUT_OF_"EIIOUIICESI 
Put_F,. •• .JIFACp'd), 
*1•• 
<'* if 
tit. DL.D t. in 
_ loo,bacll 
t •• t. 
ch.cll 
ttll. 
f.,.••• 
e eev 
*/ 
if 
Cfl •••. 
1,"._.0 
•••• 
1) 
LOo,".c 
II_CtII.c11(pf.); 


.1•• 


/* if 
it' 
••• 
ultic 
•• t 
••• ,..••• 
ch.ct 
to 
••• 
if 
it'. 
in 
,tI •• 
ultic 
•• t 
••• " ••• 
'.1111•• 
if 
not 
.i.c."'. 
the 
f.,.•••• 
/ 


if 
( 
«pf.-> 
••• t_a •• .,.[O] • 01) 
- 
01) 
••• (!Ch.ct_"ultic 
•• t(p'd») 
Put.,F.,. •• .JtFA( ,'d), 


.1•• 
< 
R.cv_F.,. ••• 
(p,.) 
• 


•• .,..cv_,.,. ••• _cnti 


>.1•• < 
Ru_St."t(), 
/. 
If 
RU h••• 
on. 
into 
no ,..•• ou"c •• , 
.,.•• t.,.., 
it 
./ 
b,..••• 1i 


Loop".cl!_Ch.CllC,fd) 
/. 
Cell ••• Ill",R.cv_lnt_P"oc 
••• inl' 
ch.cll •• 
dd" ••• 
en •• 
et. 
of 
pot.nti.l 
1.0o,"ecll 
,.,.••• 
-/ 


.t,.uct 
RBD 
.p" •••, 
.t"uct 
RB 
_,"u'J 


231421-33 


1·376 


inter 
AP-235 


IPCO/USR/CHUCIVCSRC/DLD. 
C 


if 
( bca,«ch." 
.) .,'d->.",__dd,,[03, 
Iewho••••UO]. 
ADDJ.EN) 
!- 
0 
) < 
Put_Fr •• J'FA( p'd) 
I 
"eturn, 


} 
prltd 
• 
,.t,.uci; 
RID .) 
luild_Pt,.Cp'd->l'bd_o" 
•• t); '* point 
to r.c.i 
•••• 
bu'fe" 
' •• c'r1,to1" *' 
,ltu' 
• 
(.truet 
RI .) 
pT'b'->buf'Jt,.~ /. 
point 
to 
receive 
bu"." 
*' 


if 
( 
be,"p( (ehn 
01 
pbuf. 
"lpb'_fra.otO]. 
LPBII_FRAIIE_SIZE) 
!- 0) < 
Put_Fr •• _RFACp'd) 
J 


"eturn, 


fla.s. 
l,bll_t •• ' 
• 
1, •• '* p••••• 
loopb_,. 
t••t *' 
PutJ" ••JlFACp'd)J 


CheckJ"ulttc 
•• t(p'd' 
'* ,..tuT'n. 
t,..ue 
if 
Multic 
•• t 
.d.,. 
••• 
1. 
In 
P'lAT*' 
.tT"uct 
FD 
.p'd, 


struct 


'or (,••t • .,•• teO], 
, •• t <- ••• t(f1ULTJ~DDR_CNT 
- 
III 
p •• t++) 
if 
( , •• 1;->.t., 
_. 
JNUSE •• 
(bcapC (char 
.) .",->•••t_a •• ,.[Ol •• 
, •• t->.d',..[O]. 
ADD_L.EN) -. 
0» 
br ••• , 


if 
(p • .t 
> " •••ttI1ULTI_ADDR_CNT 
- 
1]) 
T'etuT'n(FALBE)J 


,..tu1"nCTRUE)J 


S.I'_T 
•• t • 
PASSEDI 


D1_.nos. 
( ) I 


i' 
(S.l._T •• ' 
•• 
FAILEDJ)JAONOSE) 
r.turnl 


Ru_St_rtC)J 
'* .t_rt 
up 
the 
RU '0" 
100p"_ck 
t •• t. *' 
.1_ ••. 
Ip ••k __ od •• 
1J '* ,0 
1nto 
loop"_cll 
.od. *' 


.la ••. 
Ip ••Il_, •• t 
• 
01 '* ••t 
100 ••ecll 
t •• t 
to 
fe1 •• *' 
S.nd.-Lp 
••k_Fr ••• 
C)J '* 1nt."n.l 
loopb.c' 
t•• t *' 
i. (.1•••. 1'••'_' •• , - 
0) ( 
S.I._T 
•• t - 
FAlLED_L.PBK_INTERNALI 
.1 •••. 
1,"' 
__ 041•• 
0, 


r.tuT'nJ 


.1•••. l, ••,_t••t • 0; 
Con'i,u"'.CEXTERNAL.~CXlPBACK); 
'* .It.,,n.1 
100,".c. t •• t w' ESI 
in 
Ip ••1l *' 
S.ndJ.,.' •••_F,..••• 
C), 
if 
(fl •••. 
1, ••,_t••, •• 0) ( 
Solf_To.t 
• 
FAILED_LPBII~XTER~; 
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fl •••. 
1,"11",011. 
- 
O. 


"eturn, 


fl •••. 
1,'II_t •• t • 0, 
,* ••t.rn.~ loopb.clc 
t••t 
through t,.anaceivel" 
*' 
NO_E91J-OOPBACK. 
8.nd~,b._Fl" 
••• 
C), 
if 
(fl •••. 
l,bll_t •• t - 
0) 
90lf 
_Too' 
• 
FAILEDJ-PBK_TRANSCEIIIER. 


S.ndj.'bItJ,. 
••• C) 
( 
.truct 
TaD 
in' 


for 
(1 • 0, 
i < 81 
1++) 
/* •• nd l,blt 'r••• 8 tt •••• 
since 
it~. 
b•• t .f'ort 
del iverv *' 


.1'tI 
•• 
DEBUG 
if 
(Cptlld • 
O.t_Tbd() 
•• 
,NULL) 
FatalC"tlld 
- 
S*nd.-L, ••II_F"••• 
- 
couldn't 
.*t • TID\""), 


ptbd 
• 
Oet_TlldC), 


•• ndl' 
/. 
DEaUO *' 


ptbd->act_cnt 
- 
EOFBJT I 
LPltc._FRNE_SIZEJ 


bco,,, «ch.,. 
.) 
ptbtl->buff 
Jt1", 
.1, 
••11_,,,••• (01. 
LP8K_FRNE_SIZE)J 


.t"uc t 
CB 


eifdof 
DEBUQ 
if 
«pcb 
- 
O.t_CIiI() 
pNUl..L) 
F.t.1("dld 
- 
Di.gno •• 
- 
couldn't 
g*t 
• CB'n"); 
•• 1•• 


•• nd i' 
1* 
DEBUG *' 


'la ••. dial_don •• 
01 
S.l, 
_T•• t - 
FALSE, 
pcb->c.d 
• 
DIAONOSE 
I EL81Ti 
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.if~.f 
DElUO 
i' 
«pclt 
• 
G.t_Clte» 
- 
,NULL) 
F.t.l(·'l~ 
- Con'l.u"e 
- coul.,,', ,et. 
ca'n")j 
_.1.. 
pelt 
- 
get_Cite), 


•• n~I f 1* DElUO 
*1 


,cll->,.,...1 - O.oaoc. 
,CIt->,.,..1'2 
- 
0.2600 
I 100,.1_ 
•• 
,clt->, 
• .,..:I • 
O.600C)J 
'c•.->,.,.•.•• 
O.F200. 
"cIt->,e,,_' • 0.סס00, 
If 
(loo,fl 
•• 
- 
NOJ.OCPIACKI 
,clt-)o, • .,.•• 
- 
0.0040 • 
.1.. 
' 


,clt->p."''' - 010006. 


,c ••->c••• 


'0 
loo,lt.c~ 
,,..••• 
la 
1•••• "t•• than 
,tI•• 
ini ••• 
,,, ••• 1.".,•.*' 
- 
CON='JOUIt£ 
I a..JTJ 


'* a.,.•• 
,,..••• to the calt1a. 
, •••• 
,0Ift' 
• .,. to ,ft •••• 
ti"otlon 
••••.,.••• 
an" a ,oint." 
to ttt. 't"., ''''a"•• lt ••u"." '••c,."tOT'. *' 
S.n.J,.. ••• C,tIt4l, 
, ••• 1) 
/. 
"otu!'". f.l •• if 
it can" 
,et 
• C~nd 
Itloc. *' 
a'"uc t 
TBD 
.,tlt •• 
ctllat" 
.,0.Ith 
( 


if 
(Cpclt 
- 
Oet_Clte» 
- 
,MJLL.) 
< 
'1 •••. .,.••• t_•••• - 0, 
if 
(.1 •••. .,.••• t....".,,4I 
- 
1) 
R••• 
'_586C 
), 
,...tUl'"nCFAL8E), 
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'* .DVe 
d•• tination 
.dd" ••• 
to 
co_and 
block *' 
bCDPVCCcha" 
.).pc"->p."aa. 
(ch.,.. 
.),.dd, 
ADDJ..I9U, 


for ll.nlth - O. 
,tU->lIn' 
!- NULL. 
,tU - .ul1~.J'tr(,tU->lIn") 
length" 
,tlll.->act_cnt, 


1enlth 
+- Cptllld->.ct_cnt 
le O.3FFF), 
'* add 
the 
l •• t buff.,. *' 
'* checll 
to 
••• 
:I.' ,adlUnl 
:I.. ,...,ut" •••, 
do 
not 
do 
padlUna 
on 
100, ••• ,11 *' 


i' (Cl.n.th 
< "IN,J)ATAJ•.EJU.. 
'* •••u•••• 
4 It",. eRe *' 
(bc_,(I_ho 
•• l(O], 
(ch.,. 
.)padil. 
ADD_LEN) 
!- 0)) 


,c••->,.,..5 • 1.nlt.u 
'* lan,t ••fi.ld 
., 
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I •• ue_CU_C 
••• C", ), 
'1 •••. ,..••• t_••••• 
0. 
if 
(fl •••. ,.••• tJ.nil 
1> 
R••• 
t_586C ), 


,..tul'nCTRUEJ, 


) 


Ad"-"uttle 
•• t_Addr 
••• 
C, •• ) '* p•• 
- 
paint.,. 
to 
.ulttc 
•• ' 
.1111,..•••• 
, 
ch.,.. 
., •••, 
'* ,..tuf"ntnl 
'al ••••• 
n. 
the "utttc •• t alld", ••• 
tallla 
I. 
full *' 


'* if 
the 
.ultlc 
•• t .dd" ••• 
:I. •• 
duplic.t. 
a. 
on•• 
1,.•••• ' 
in 
th. 
MT, 
th.n 
,..tu,.n *' 
'0,. 
(p•• t ••• t. ,••t <- ••• tC ••••.•..TIJ'DDR_CNT 
- 
Il. 
, •• t++) 
if 
( , •• t->stat 
- 
INUSE 
•• 
U.c.p( 
., •• t->a"",.[Ol. 
(ch.,. 
*) p'" 
ADDJ...ElU 
- 
0» 


.,..tu.,.nCTRUE)J 


'OT' 
(p •• t 
••• 
t. 
, •• t <- ••• tU1II,JL.TlflDR_CNT- 
11. 
, •• t++) 
if 
C, •• t->.tat 
- 
FREE) 
< 
p•• t->.t.t 
• 
1NU8E1 
bco,,( 
., •• t->•••••,,[O], 
(cha,..) 
,.a. 
ADD~)J 
b,.•• lu 
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If 
(p ••• t 
:> ••••• tUIULTI_ADDR_CNT 
- 
III 
< 
'leg&. 
r ••• t_••••• 
0; 


1f 
(flags. 
,.••• 'J.nd - 
t) 
A.'.t_~C)1 
,...turnCFALBE), 


Se'Jlul tic •• t.J\~dT'." ( ), 
'1 •••. r ••• t_ •••• 
- 0, 


if 
(fla,l. ".'.'Jend •• 1) 
" ••• t_586C ), 


,..tut'"CTRUE), 


Delate_"ultic 
•• '_AllltI" •• ,Cp •• ) '* ,...tu"ninl •• 1••••• 
n. 
tit. _ultic.,' 
add" ••• 
••• 
not faunil *' 


410.,. (PINt 
••• 
t, ,••t <- ••• t[ftULTI_ADDR_CNT - III ,••t.•+) 
If 
( 
, ••• ,-:>.,., - 
INVSE 
•••• 


(lte.pC 
., •• t->.",,.[Ol. 
(ch.,...) 
, ••• 
ADDJ..£N) - 
0» 
,••t->.t.t • FREEI 
bT· ••• 
; 


If 
(p ••• t 
:> ••••• 
UPlULTI_ 
•••ODR_CNT 
- 
III 
< 
'1.,1. "•••t_••••• 
01 
if 
('I •••."•••'.."."tI-l) 
R••• t_58ft( 
), 


.,..turn 
CFALSE) , 


S.t_"ultic 
•• '_Add" ••• C), 


'1 •••. "••• t_ ••••• 
0, 
if 
('1•••. "••• tJ.nd - 
1) 
" ••• '_586C ), 


,..turnCT'UJEJ, 


S.tJlultic 
•• tj\dd" 
••• C) 
( 
,truct 
,t,..uct 
u_'hort 


~T 
-, •• t, 
""_Cl 
., •• _cIU 
I. 


i 
• 0; 


, •• _clt 
- 
"'_cItJ 


while 
(p •• _c'->c.d 
!- 0) 
I '* if 
th. 
*_CI 
i. 
inu •• , 
•• it 
until 
it'. 
f,.•• *' 
p•• _clt-::>lln~ 
- 
NULLJ 
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'01" 
(, •• t ••• t, 
, •• t <- ••• tCI'tUL.TI_ADDR_CNT 
- 
III 
, •• t++) 
if 
( , •• t->.ht 
- 
INURE) 
{ 
bco,\I ( ., •• _clt->-c_ad,ty·[il, 
., •• ,->.11I11I,,[01.ADD_LEN), 
i +- 
ADD....L£N' 


p•• _cb->.c_cnt 
- 
i, 
p•• _c"->c." - 
f'IC.JIE~ 
I ELBITi 


Put_FT' •• JtFACpfd) 
'* R.tu1"" 
Fr ••• 
Desert,tol" 
and 
Receive 
luff." 
D•• c1"I,to". 
to 
tit. Fr •• 
Receive 
Fr ••• 
",. •• *' 
.,f4, 
FO 
struct 


struct 
RBD 
.,rltd. 
'* points 
to 
It.,inning 
of 
.,..tu"n.d 
RID li.t *' 
.,' 
'* point. 
to 
end 
of 
,..etuT'ned RBD li.t 
*' 
T'U_st.,.t_'l.,_'d. 
'* indtcat 
•• 
whethe" 
to 
" •• ta"t 
RU *' 
f'u_stal"t_'l 
•• _"lu'i 
cha,.. 


'1 •••. 
1"••• 
,_ ••••• 
li 
ru_sta"t_'l 
•• _' •• - 
ru_sta"t_'la._"ltd 
• 
FALSE, 
,'III-)el __ • ELIIT, 
pfd->.tat 
- 0, 


prbd 
- 
(struct 
RID .) 
lutld_Ptr(,fd->rbd_off 
•• tll le 
pie. 
up the 
linll to 
the 
"btl *' 
,"->1 
in •• 
p.d-)"II'_o" 
•• t • NULLl 


1* 
Di•• b1._586_IntC)1 
this 
co••• n" 
i. 
on1V n.c •••• rv 
1n •• 
u1tit •• llinl 
'''0." 
•••. 
Ho•••v.r 
in 
this 
.inll. 
t •• 1I 
.nvif"on •• nt 
this 
"out in. 
i. 
0,,1Iin.11V 
c.ll 
••• '1"0_ i.,,_58hC). 
th.".,o". 
int.""u,t. 
er. 
el" •• "" 
di.ebl.d 
*1 


i' 
Cb.lin_.d 
_. 
,NULL) 
•••• in_'d 
• 
end_'d 
• ,'t" 
.1•• < 
.nd_'.->l 
inll • O.,•• t(, 
•• ), 
.nd_.d->.l_. 
- 0, 
. 


•nd_'d 
- 
,'dl 


T'u_.tert_'l.,_'d 
- 
TRUE, 


1* i' 
th.r. 
i •• 
r.d 
.ttech.d 
to 
t ••e 'd 
then 
find 
the 
•••• lnnln •• 
nd .n. of 
the 
rb' 
11.t *' 


'0" 
(, 
- 
,1""" 
,->11nll 
!- NULLI 
,- 
Bul1dJ't,,(,->11nll» 
,->.ct_cnt 
- 0, 


'* no•• , ••••• polnt. 
to 
the 
•••• tnntn. 
of 
the r". 11.t 
end 
, 
potnt. 
to 
the 
end 0' 
the 
1t.t *' 


,->.il 
•• 
RBUF _SIZE 
I EL. IT, 
,->ect_cnt 
- 
01 
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1* If 
the",e 
i_ 
nothing 
on the 
liat 
cr •• t. a ne. 
1tst *' 


231421-40 


•••,1"_",1••, - 
pr~tf, 
.ncf_,..~tI 
• 
" 
if 
(p""'11 
!- 
tI) 
ru_,t.,.,'_.l 
•• _"lttf 
- 
TRUEJ'* if 
the". 
t. 
_are 
than on. 
Tit •• 
.,.etuT'ned 
.tart 
the 
RV *' 
}.1,. 
'* if 
the 
T"bd lilt 
.h· ••• 
\! 
•• t,t, 
atld on 
t••• n•• 
.,.eturne •• 1'"bd, *' 
enlll_",ltll->linll 
- 
O" •• t(,,,lul), 
."4_",1t4->.1 
le 
- 
R8UF _SIZE, 
.nd_rl••1 - ,J 
ru_,t."t_.l 
•• _"ltd 
- TRUE; 


} 
if 
(ru_,ta"t_'l.,_, ••• 
ru_,t.,..'_'la._rbd) 
Ru_8t.,..t;C 
), 


fl •••. 
r- ••• 
t_•••• 
- 0, 
if 
('I •••. ,.••• ,-I.nll - 
1) 
R••• t_,...C ), 


if 
(Clcb 
.• 
tat 
• 
AU_M8IU 
.- 
RV_READY) '* if 
the 
AU 
ts 
8lT' •• ct" 
·,..•••• V· 
then 
,...tu,." *' 


if 
(<be.in_'d->.tat 
• 
C81T) 
-- 
CBIT) 
".turn. 


1t•• in_'II->"ltd_o.f 
•• t - 0" 
•• t(II*,I"_",1I4), 
'* I1n. 
the 
b.ginnln, 
0' 
the 
"bd 
lilt 
to 
the 
first 
'11 *' 
Icb. ",'a_off 
•• t • O'f •• tU ••• 1"_'d). 
WeU_Sob 
Cl; 
.cb. 
c_d 
• 
RV_START; 
CA. 


So,tw.,.._R ••• t< ) 
< 
.cb. 
c_d 
- 
RESET. 


CA. 
W.it_ScbC 
), 


1•• u • ..I'••• t_C_d.C» 
< 
WeU_Sob 
Cl • 
• ce. c_d 
- 
CV_START, 
CA. 
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/* E•• cut •• 
" ••• t. 
Con.i,u" 
•• 
S.tA ••••" ••••• 
n" ftC_S.tup. 
th.n 
" •• t.", 
,,,. 
R.c.iv. 
Unit 
.nd 
the 
Co••• n•• Unit 
*/ 
R••• t_S6() 
{ 
I1AT 
11 


++" ••• t_cntJ 
Di•• ltl._586_lnt( 
)J 
ESIJ.IXPJACKI 
80.t •• " • .Jt ••• t ()J 


'0" ( i - 0, 
i <- O_FFoo, 
i++) 
i. (acb .• t.t 
•• 
(CX I 
CM) 
••" •• Iu 


If 
(j 
>o.FFOOI 
F.tel 
("OLD: init 
- 
Di •• not ,.t en 
int.""upt 
•• t." 
90ft ••••,.. 
R••• t\n"')J 


/* Acll tit. "•••, Int.""u,t 
*/ 
WaIt_ScbOI 
.cb. 
c_d 
- 
(CX I CHA)J 
ellil 
WaItJlcbOI 


Ilfd.f 
DEBUII 
if 
( •••,in_cltl 
- 
,NULL) 
F.t.l~·DLD: III.,in_clll • NULL In 
R••• t_586"')J 
••nlli. 
/* DElUO 
*/ 
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/* Con.itu,.. 
the :MI6*' 
'* Eth."'"e' 
d.'.utt 
,.,. ••• '.1"., 
Co,,'i,U"•• 1 not ".c •••• 1".•• ".ft uIAn, 
ttef.ult 
p.,. ••• t.,.. *' 


,..,_cb. p.".1 • OloaocJ 
,..•• _cb. p."aa 
- 
0126001 
,.•• _cb. ,.,...:1 • 
0.6000. 
,.•• _cb. p.,." • OIF200J 
,..,_cb. ,8.,..' • 0.סס00, 
".,_clt. p.,..••• 
010040, 


,. •• _clt. 
elld 
• 
Cm.JCMJIItE 
I ELlJT' 


lelt. cbl_Dff 
•• t • Of, •• t(,,. ••_,I •. It.", 


'COllve (ch.,. 
.) 
• .,..,_clt. ,.,..1. 
hh 
••• U:Ol. 
ADDJ..£N), '* .ov. 
the 
,1" •• 
• __ ,..'1 to 
lA 
cMd *' 


r •• _cb. 
c ••• 
- 
lA 
I 
ELIJT,· 


I •• ue_R.I.t_C •• sC ), 


1 - 
r.'.JN_clt 
.• t.t • o• 
•.•,_ •• _cb. 1inl 
• 
NULL. 


fa .•• (p•• ' 
- 
•••• '[0]1 
, •• t <- ••• tt ••.•.. 
TJ.-AQDft_CNT 
- 
ll' 
,••t•• ) 
if 
( , •• t->.tat .- 
lNUSE 
) 
( 
ItCDP"C 
.,. ••...•••• _clt .• c_8 ••• ,.C1], 
1I,•• '->_114.,.CO), 
ADD_LEN),J 
I 
.- 
ADDJ.EN. 


" •• ~_clt. 
Mc_ent 
- .J 
.,.•• 
e e , c•••• 
PIC_8ET'\Jf'I a..JT • 
• clt. cbl_of, 
•• t - O" 
•• tCIt,. •• 
e ••. ,tat), 


.1 •••. "••• t_••••• 
0; 
• 1•••. r ••• tJ_nil 
- O• 


• clt. cIl1_0" 
•• ' 
• 
b•• i"_cb1; 
W.i'_Bdt(); 
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selt. 
c.cI 
- 
CU_8TMTJ 
Set_Tt•• out(), 
'* s.t 
D••••• 
" 
T1•• " *' 
CA. 
£" •••1*_,.._1",() I 


'* Itco,,, 
- 
It,,'e CO" 
,.outin. *' 
'co'VC"st •• "c, nlt,t •• ) 
che... 
..st. -."c. 
in' 
"'Vt •• , 


( 


'* Itc., -- ItV'. co.,.,.. *' 
Itc.,(.I, 
sa. 
nltvt •• ) 
clt.". 
•• 1••• 
2, 
int 
nlt,t•• , 


{ 
while 
(nltvt •• -- 
•••• 
1++ - 
•• 2++), 
".turnC.--.l - --_ah 


1·386 
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I •••••••••••••••• 
• •• •••••••••••••••••••••••••••••••••• 
•••••••••••••••••.• 
_••••.• 
. 
. 


• 
IEEE 802.2: 
Logical 
Link 
Contl"ol 
L•••• " 


.• 
(St.tion 
Co.pone"t) 
.• 
..•........................................................................... 
, 


*include 
"did. 
hll 


e.t.,-n 
.t"uct 
T8D *Get_Tbd()' 
exte"n 
cha.... 
_Build_Pt,,().· 


,. •• donl\1 
char 
lid_'.,. ••• tXID_LENGTHJ 
- 
< o. 
O. 
XID. 
OwS1. 
Or01. 
0); 
'* DSAP. 
SBAP. 
XID •• 
id 
cl ••• 
1 " •• pon •• *' 


.truct 
LAT 


'or 
(,hit - lelat[OlJ 
p1at <- Icl.ttDSAP_CNT 
- 
13; ,lat++) 
,1.t->.t.t 
• FREE. 
".turn( 
1nl t_~86(»J 
'* Function 
'OT' adding 
a new DSAP*' 


Add_O •• ,-"ddT' 
••• 
Cd•• p, 
pfunc) '* DSAP _ust 
b. 
divisibl 
.• b" 
2•• '8-N) ••• he". 
2•.••• 
- 
DSAP_eNT. 
(i .•. 
N LSB. ,.ust 
b. 
0), 


Th. 
function 
will 
".turn 
FALSE 
if 
do•• 
not 
••• t 
the 
.bov • 
.,..,uir 
••• nt •• 
or 
the 
L•• p 
Add" ••• 
Tabl. 
i. 
'ull. 
'Or the 
Addr ••• 
ha. 
Alr.ad", 
be.n 
u •• d. 
NUL~ DSAP aidr ••• 
is 
" ••• "v.d 
'or 
the 
Station 
Co.pon.nt 
./ 
int 
d•• p. 
(.p'unc) 
()J 


< 
.tT'uct 
LAT 


i' 
((d 
•• p « 
(S-DSAP_SHIFT) 
• 
O.OOFF) 
!- 
0 
I I 
d•• p -- 
0) 
r.turn 
(FALSE); 


,. 
Check 
flor 
duplic.t. 
d•• p•. *' 
i' 
( 
(pl.t 
- 
.latCd 
•• p » 
DSAP_SHIFTl)->st.t 
-- 
FREE) 
( 


Pl.t->.t.t 
• 
INUSEJ 


plat->p_ 
•• p_'unc 
- 
p'unc. 


return 
(TRUE)J 


} 
.1.e 
retu"n(FALSE); 


/* Function' 
flor 
deleting 
DSAP. *' 


Delete_D •• p_Addre.s(d 
•• p) ,* I' 
the 
sp.ciflted 
conn.ction 
e.ist 
•• 
it 
is 
se"er.d. 


I. 
ttll. 
connection 
doe. 
not 
exist. 
the 
co_and 
is 
ignored. 
*' 
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:......r ••<.,,_> ••• , •• 
0) 
< 
'* if 
the 
." ••• 
1•• 
dd,..•••• 
d to 
the 
Station 
C•• ponent, 
then. 
,. •• pon •••• 
" 
b• 
.,..quiT·.d *' 


if 
( 
! (pf.-> ••• , 
11:C~_IIT) 
) 
(/* 
if 
the 
,"' ••• 
",ecaived 
is 
• 
" •• pon••• 
inst •• d 
of 
• 
co••• nll. 
then 
reJect 
it. 


a.cau 
•• 
this 
softWare 
do •• 
not 
1I11,l••• "t 
DUPL.ICATE-fd)DRESS_CHECK. 
-> no respon 
•• 
,,. •••• 
ahould 
It. 
racv'd 
*' 
Statio,,_C 
•• ponent_R •• ,on•• (pld) 
I 


>'* not .dd,..•••••• 
to 
St.tion 
Co.ponent. 
*' 
'* chect 
to 
••• 
if 
the 
••• 
p .dtlt·•••••• t. active *' 
.1 •• 
if 
«pf.-> ••••, c 
(8-D8IeP_SHIFT) 
•• OJOOFF) 
0 ••• 


(p1.t 
• 
lelat[ 
(pf.-)d 
•• p) » 
DBAP_"1FT] 
)->.t.t _. INUSE ) < 


(.plat-)p_ 
•• ,_'unc)(pfd); 
'* call 
the 
function 
••• oci.t.d 
with 
the 
d•• p "'eceived 
*' 


> 
Put_Fr 
•• _RFACp'd), '* ",.tUT" 
the 
,fill 
1f 
not 
liven 
to 
the 
U•• T' •• p. *' 


struct 
FR"'~_BTRUCT 
.t1'uct 
TBO 
.truct 
RBD 


*p1'fI••• 
pt,., 


.,tbCl. 
*••••.t "-ptb 
d. 
.,' 


.prb ••, 


pT'bd • 
(,tT'uct 
RID 
.) 
luild-ft1'(p.d->,..bd_D 
•• ,.t), 


Pl"" 
• 
(.truct 
Flt ••••• _8T1tUCT .) 
,rlld->bu" 
-ptT" 


•• I\ch 
(prh->c.~ 
• 
"?....FJlITl 


<c... 
)(10: 
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C 


.,hil. 
«,tltd 
- 
O.t_Tbd(» 
-- 
,NULL)l 


ptbd->.ct_cnt 
• 
EOFBIT 
I 
XID_LENOTH; 


beo, •• «ch • .,. .) 
ptbd->ltu"...ptT', 
"aid_'rA 
••••tOl. 
XID.-LENOTH); 


pt, •• 
(stTuct 
FRAI'£_STRUCT 
.> ptbd->buffJtl"; 
pt'.-)c,..d 
- pr'.->c.dJ 


,t,.->II 
•• , 
• 
prfl->".p 
I C R lIT! '* return 
the 'r••• 
to 
th~ •• nde" *' 
ptf.->•••, - 0, 
whUe( 
!SendJr 
••• 
Cptbd. 
Build-P'r(pfd-)I"C_ 
.• dd,.»)1 


br •• k, 
c... 
TEST: 


'01' 
(,1"bel - 
(struct 
RBD .) 
Build_Ptr(p'd-)"bd_o'f'-.t), 
I( - 
beginJtlu' 
- 
,NULL; 
,Tbel 
!- 
,NULL. 


,T"bcl • 
Build_Ptr(pTbd->linl!» 


while 
«,tll4l 
- 
Oe'_Tbd(» 
•• 
pNULLb 


if 
(, 
!- 
,NULL) 
,->11n' - Of,•• tC,tb.), 


.1•• 
b.,i"Jtbd 
• ptbdl 


ptbd->.ct_cnt 
• 
pt'bd->.ct_cnt; 
bcoPVC(ch." 
.) 
ptbd->buf'Jtr. 
(chAr.> 
prbd-:>buffJtr. 
ptbd->.ct_cnt 
" 


Cl 
- 
ptbdl 


pt,. 
- 
(st'ruct 
FRAI1E_STRUCT 
*) 
beginJtbd->buff._ptr; 


ptfs->c.d 
- 
,,,'.->c.d. 


,t'.->d 
•••, 
- 'r'.->••.• 
p 
f 
C_R_BITI 
/* "eturn 
the 
f"ame 
to 
the 
•• nd." 
*/ 
,t,.->••.•, - 0, 
whj 1. ( !S.ndj" 
•••• (t~.ginJtbd. 
Bui Id_Pt" (,'d->."c_ad 
dT")) ), 


br ••• k; 
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C 
,.....•..••........•.....••.•••.•.•.•.................•...................... 
· 
. 
• 
U.e r- Applic.tion 
Prol".. 
* 
• 
Asune 
to 
IEEE 802.2/902.3 
Protocol 
Conve,.teT' 
· 
. 
................................•..................... 
···**·········· 
1 


'* ASCII 
Charaet 
• .,.. *' 
*d.'ine 
ESC 
0.18 
.de,ine 
LF 
a.M 
ede'in. 
CR 
0.00 
ed.fine 
88 
0.08 
.d.fine 
BEL 
0.07 
ed.'ineBP 
0.20 
.define 
DEL 
O.7F 
.defin* 
CTL_C 
0.03 
" 


'* 
H41rd ••• ,.. *' 
.d.fln. CH_B_CTL 
01000£ 
.define 
CH_A_CTL 
O.OODe 
.define 
CH_I_OAT 
O.OOD" 
.define 
CH_I._OAT 
0.0008 
.define 
UART_STAT_f'1SK 
0.70 
'* Inte"T'upt 
e•••• 
'OT' 8274 *' 
.de'in.VART_TX_B 
0 
.de'ine 
UART_RECV_B 
0.08 
U.fln. 
UART _RECY_ERR_B 
osoc 
_d.fin. 
EXT_STAT_INT_B 
0.04 
.de'!n. 
EXT_STAT_INT_A 0.14 


cha" 
'ifo_t[2SblJ 
ch." 
'i'o_r[:Z~6J; 


char 
lIIIT'a[~J. WT'b[~]; 


unsigned 
char 
in_fifo_t. 
out_fifo_t. 
in_fifo_r. 
out_'ifo_r. 
actual; 


u_short 
t_buf _stat. 
r _buf _atat; 


cbuf[SOJI 
lin.[81 
J; 


/* Co_and 
1in. 
buf'er 
*/ 
/* "onitor 
Mod. diap1a •••line 
*/ 


unaioned 
char 
d.ap ••• 
ap •• 
end_'lag, 
local_echo; 


char 
Oeat_Addr[ADD_L.ENll 
char 
"ulti_Add,.[AOD_LEN); 


int 
t_.tat; 
/* t.r.inal 
_ode 
statua: 
for 
leaving 
t.,..inal 
.ode 
*/ 


int 
dh ••.• 
Inonitor _'lag. 
ha_atat; 
/* 
'lags 
*/ 


e •.t.,.n 
at,.uct 
TUD 
_get 
Tbd(); 
exte"n 
cha" 
*Build_Ptr( 
), 


e.te"n 
.t"vc 
t 
FLAgS 
f1_gS1 


e.te"n 
ch." 
.id_'" 
•• eC], 
e.te"n 
cha" 
whoa.t[ 
]; 


231421-47 


1-390 


AP-235 


IPCO/USR/CHUCK/CSRC/lUIP. 
C 


e.t.,," 
.tT'uct 
"",T 
•• tC], 
.at.,." 
.t",uct 
LAT 
1.t[ ), 
•• tern 
ch.,. 
.,NULL, 
.It.,..n 
un.1gned 
long 
IDOd_l.it_cntJ 
.Ite"n 
u_short 
unde"T'u"_cntJ 
••t.,.n 
u_short 
no_er._ent. 
e.t.,," 
unsllne. 
long 
d.'.,. _ent! 
•• teT'n 
u_shoT't 
., __ e"" _entl 
.It.,." 
u_shoT't 
"I_col_ent. 
•It.,." 
unai,ne 
• 
lone 
.••ecv_'" 
••• _cntJ 
•• t••..n 
u__ ha,..t 
,..••• t_ent1 


e.tern 
struct 
SCB 
seb; 
'* "'c,"o 
•t\lp.' 
of 
definitions 
*' 


e•• ,in. 
RTS_ONB out••(CHJ_CTL. 0.0'" 
out ••(CH_8_eTL, 
.T'b[~l.W1"b[:n 10,02) 
.define 
RTS_OFFB 
out_ CCHJI_CTL. 
0.0')' 
oun CCH_I_CTL ••••• H'l_rH'nO.FD) 
e.e'ln. 
RT8_ONA Dutb (CH_A_eTL. 0.0'" 
out ••(CH_A_eTL• .,...C:U-wr."1IOx02) 
ed.'in. 
RT8_OFFA outb (CH_A_CTL,0.05), 
outb (CH_A_CTL,.,..CS1 
"e'51IcOIFD) 
e.eflne 
UMT _TX_Dl_1 
outb 
CCHJ_CTL, 0.01), 
outb (CH_B_eTL. ..,,.b[ 1] ••• .,.b[ 111t(hFD) 
.d.fin. 
UMT_TX_EI_B 
autb (CH_I_CTL, 0.01). 
autb (CH_I_CTL, wrb[ 13-..,..b[ 1] 10.02) 
_deH 
ne 
UART_RX_DI_I 
oun 
CCH_I_CTL. 
0.01) 
I out_ CCHJI_CTL ••••• _ [I l_rb 
[I ll<0.E7) 
.d.fin. 
VART_RX_EI_I outb (CH_I_CTL. 0.01)) 
outb (CH_I_CTL. W1"b[13•••.,.be 1310.10) 
_define 
RESET_TX_INT 
oun 
CCH_B_CTL. 0.211) 
.d.fln. 
EOI_8274 
autb(CH_"_CTL,O.38) 
/* 8274 
int 
is 
IR3 
on 80130 
*/ 
_deHno 
EOI_BOI30_BOZ74 
ouU CO.EO. 0.60) 
.d.fln. 
EOI_BOI30_TIf1ER 
outbCO.EO, 0.62) 


En.1II1._U • ..-t_lntC) 
< 
int 
Cl 


C 
- 
inb(0.E2), 
/* .,.•• 4 the 
80130 
int.1""u,t 
•••• 
" •• i.t." 
*/ 
outb(0.E2. 
O.OOFE 
It c). 
/* ""it. 
to 
the 
80130 
int."'l"u,t 
••• 
k .•.••gl.t." 
*/ 


Dl •• lIl*_U.",t_lntC) 
< 
int 


lnb(0.E2») 
outbCO.E2. 
0.0001 
I c)J 


} 


En.bl._Ti 
•• " _tntC) 
< 
lnt 
Cl 


outb (OxEA, 
liZ'h 
outbCO.EA, 
0.00)1 
/* Ti •• r- 1 int."",upt 
•• 
ve",." .' 12' 
•• c */ 
•• nd_fl •• 
- 
FALSEJ 
C - 
in"(01£2>o 
/* r-•• 
41 
the 
80130 
int.,..,..u,t 
•••• 
,..•• l.t.,.. 
*/ 
DutbCOIEiZ, 
0100F8 
•• c)J 
/* WT'it. 
to 
the 
80130 
int.,.."u,t 
•••• 
r.gis'." 
*/ 
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unsllned 
cha" 
i, 


R••• lIClccbuf[Ol. 
eo. '.ctu.l), 
i - 8l1pClccltu'CO]), 
return( cbu'[ i]), 


WT11::·(P'''I) 
cha,. 
.P.'" 


while 
(*p.,. 
!- 
'\0') 
{ 
if 
(.P.'I 
_. 
"n') 
CoCCR), 


Coce, ••• 
++) I 


Fataltp.'.) 
/* writ ••••••••• 
to 
the 
Icr •• n then 
stop *' 
chaT 
.p••• , 


Write("Fat.l: 
.), 


W'r it.(,••••)I 
forC" 
), 
'* WT'it ••••••••• 
to 
the 
Icr 
•• n 
then 
continue 
*, 
*,.,.' 


W1"it.C-luI: 
.), 


WT'it.(p ••• 
)~ 


"',cii_To_ChaT'Cc) 
'* conv.rt 
ABCIJ-M •• 
to 
Ch.,. *' 
cha" 
i" 
«'0' 
<- 
c) 
le. 
t c <- 
'9'» 
"eturn(c; 
- 
'0')1 
if 
«'A' 
<- 
c) 
•• 
Cc <- 
'F'» 
.,..tu,.n(, - 0.37), 
if 
CC '.' 
<- 
c) 
le. 
Cc <- 'f'» 
".tu",n(' 
- 0.'7), 
T'aturnCO.FF), 


Lower _C ••• 
(c) 
char 
c. 


{ 
i' 
«'.' 
<_ 
c) 
••• 
t e <_ 
' I '» 
return(c), 
if 
CC 'A' 
<- 
c) 
le. 
Cc <- 
'Z'» 
ratuT'n(c 
+ 0.20), 
••atUT'n(O), 
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Char 
To A.clUc. 
ch) '* convert 
char 
to 
ASCII-Hex *' 
un.igne. char 
c. 
cht]; 


i • 
t e le OaFO) » 
4. 
if 
(i 
< 
10) 
chCO] - 
i 
+ 0.30; 


el •• 
cheO] 
- i + 0.37; 
i 
,. t e 
le O.OF) 
; 


if 
(1 < 
10) 
ch[11 - 
i 
+ 0.30. 


el •• 
ch(l] 
., i 
+ 0.37. 


cht21 • 
'\0'; 


9klp(p 
••• 
) '* .kip 
Itlank. *' 
chat: 
.p•• g. 


int 
iJ 


'0," 
(i 
- 
01 
., 
•• , 
_ •• 
" 
i++. 
, •• g++)' 


returnCi); 


R.ad_tnt() 
'* R•• d • 
t6 
bit 
Integer 
*' 
< 
wd. 
who •••dl. 
_hi. 
Ji 
i. 
dan.. 
h••• 
dave". 
hover; 


'or 
(done 
- 
FALSE. 
done 
-- 
FALSE, 
) 
'< 
R•• dClccltu'C01. 
eo, •• etual), 
1 - 
SkipUIICbufCO])1 


'or 
U••• 
- 
dove,. 
- 
hover 
- 
F-'LSE. 
wd - 
I.IIh- 
",dl 
- 
••hi 
- 
0; 


(J 
• 
Ascti_To_Char(cbu'CiJ}) 
<- 1:5; 1++) 
i 


if 
(J » 'iI) 
h ••• 
TRUE, 


wd 
- 
_d*10 
+ 
Ji 


.h 
z ..,h*16 + J' 
if 
(wd 
< 
wdl> 
dove,. 
- 
TRUE. 


if 
(wh 
< ",hi) 
haver 
- 
TRUE; 


wd! 
- 
Wdi 
",hi. 
",hi 


} 
1f 
(cbu,[i].- 
'H' 
11 
cbu'ti] 
_. 
'h':; 
cbuf[ll.- 
CR:: 


cbuf[ll 
-- 
LF 
I: 
cbu'[il 
••- 
' 
') 
{ 


if 
(cbuf[il 
-- 
'H' 
I: 
cbuf[ll 
,.. 
'h') 
hex 
- 
TRUEJ 
if 
(hex 
.z 
TRUE •• 
haver 
-- 
FALSE) 
done 
- 
TRUE; 


if 
(he. 
-- 
FALSE •• 
dover 
-- 
FALSE) 
don. 
- 
TRUE; 
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if 
(!tlono) 
( 
.,.,.tt.(-'" 
Tt,'a 
nWllt." 
la t•• lIIil. \n 
It ••• 
to •• 
1••• 
than .~536.,""), 


••.•.. 
1t.'·'" 
Enter nVHor--> .), 


) 
.1••...,.t,.C- 
1110._1 Ch.,...ct.,,\" 
Entol" a nu••••" ->-), 
) 
if 
(he.) 
returnC_), 


,..t"rne_il), 


Jnt_T._~'-cJtCY.lu., 
•••• 
f 
Id. 
ch. 
willth) 
/* conv.",t an 1nt•• O,. to an ASCII 
.t,.inl *' 
unallno" 
Ion. 
valu.) 


v_shGl't 
••••• 
Id"'., 
ch." 
chCl. 
ItlJ 


231421-52 


'OT' 
(i 
- 
0, 
i < widttu 
i++) 


J 
• 
valu. 
X •••• 
J 


if 
(J < 10) 
chCtl· 
J 
+ O.3(h 
01 •• 
chCll 
- 
J 
+ 0.37, 
yalue 
• 
valuo 
I 
•••••, 


) 
flo.,. 
(t 
- 
wtilt" 
- 
11 
ch[l] 
_. 
'0' 
Wc i > 0, 
t--) 
ch[11 
• 
Id, 
chCwtil'''l 
- 
'\0', 


W,..t'o.-Lonl_lnt 
(dw, 
i) 
unailno. 
Ion, 
,., 


,,_altD'" 
i. 


,,_shOT't 
JI 


cho.,. 
chtUl, 


if 
Cdh •• 
) 
Int_To_Aacit<tlw. 
u•.• " .c..(O), 
8), 


01 •• 
Int_To_As, 
t i (.... 10. 
• 
-, 
.'''(01. 
10); 
f.,. 
(J 
• 
O. chtJl 
!- '\0·1 
1--. 
J++) 
11neC1] • 
ch["ll 


WT-ite_SliloY"t_lntCw. 
1) 
u_slilort.. 
i; 


u_.hort 
JI 


ch." 
cht61, 
uns1,n.4 
Ion, 
•• 1 


dw 
• 
w; 
l' 
(dh•• ) 
lnt_To_A.cUC'w. 
16, 
'0', 
.ch[Ol. 
4); 


el •• 
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C 


In'_To-.AaciiCth'f 
10, 
'0' •• 
c"'01. 
~UI 


fioT' 
(J ·OJ 
chCJl 
!- 
'\0'1 i--. 
J++) 
lineCt) 
• 
ctt'Jl, 


ch.,. 
lu 
'.1" 
J 
J 
) 
( 
It - R•• d_ell."e., 
I. 
«It 
- 
'V') 
I1 
(It 
'I'»~ 
retu,"" (TRUE) J 
if 
CU~ - 
'N') 
11 
Ut 
'n'» 
,..tu •.n(F~IE)J 
•••.tt.C· 
Ent." a Y or N -> ..h 


JIt•• 
,I..j\'dl" (, ••• , 
••141. 
ent) '* ,••• - ,ointe" 
to ",. out,,,, ••••••• *' 
'* .11I4 - 
,Dint." 
to 
the 
•• tlr ••• *' 
'* en' - n"a".", of ••.,t•• in 
,tI •••• 
".•••• 
, 
cha" 
" •• " 
•• dCl, 
ent, 


f.T' 
C 
J 
J 
) 
( 
..,..It.(,••• ), 
R••' (.,lIIIu'(O], 
eo. ..,t".l) 
I 


'OT' 
(,I 
•• 
\;I,(.clll1,,'(O), 
i • O. 
1 < 2*cnt 
I 
i++ • 
.1++) 
{ 


if 
« 
'0' 
<- dlufCJ]) 
•• 
(cbu,tJ] 
<- 
'9')) 
clt"fCll 
• 
cltu,tJl 
- 
'0'1 
.1•• 
if 
«'A' 
<- cbu,tJl) 
•• 
(cltwftJl 
<:- 
'F'» 
cbu'Cil 
,. cltu,tJ] 
- 
0137, 


_1 •• i' «'.' 
(- cbu'[J) 
••.• (cb""J] 
<- 'f'» 
clt"f(11 
- 
cltufltJl 
- 
0_'71 
el,. 
( 
Writ.C- 
Ille.al 
Ch.".ct.,,'n"); 


b"ealll 


) 
l' 
(i >- :;Z.cnt 
- 
1) 
br •• l, 


) 
'0" 
(I 
- 
0, 
1 <- ent 
- 
1; 
1++) 
a4dCCcnt 
- 
1) - 
11 - 
dtu,t:;Z*il 
«4 
cbu'C2*1 
+ 1); 


lWT'it._A"T'C,.4d. 
cnt) 
ch." 
p•••• Cl. 
ent; 


Uhslln 
•• 
char 
i. 
c(3), 


'or 
C 
J 
ent 
>0 
; 
cnt--) 
( 
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C 


ca'e 
TEST: 


'or 
(,,,bll 
• 
(w'"uct 
RID .) 
Build_Pt"Cpfd->rbd_o'fs.t), 
Cl • 
be,inJtbd 
- 
,NULLJ 
pT'b' 
!- ,NULL; 
p,..••••• 
Build_Ptl"Cpl"bd->link» 
< 
.hil. 
(Cptba 
• 
get_Tbd(» 
•• 
,NULL); 


if 
ell. !- ,NULL) 
,->Unk 
• 
O,f,.t« 
ptbd) 
J 
el •• 
beginJtbd 
• 
pt". 


ptbd->act_cnt 
• 
prbd-).ct_cnti 
bcap"«cha,, 
.> ptbd->buf'Jtr. 
(c"." 
*.> 
prbd->bu"_ptr. 
ptbd->act_cnt 
It OI3FFF). 


pt, •• 
(,t,.uct 
FRNE_STRUCT 
.) 
be.inJtbd->buffJtrJ 
ptf'->CM' 
• 
,"'I-)'lIId, 


) 


Putjf" 
•• _RFACp'd)J 
'* 
return 
the 
fr••• *' 


,\'1->"., • p""->".p 
: C_R_BIT. 
/* ,..tUT'" 
the '"a.8 to 
the 
,ende" 
*/ 
,t,.->•••p - 
Sl.p~ 


UlhU.C !S.nd_F,. ••• 
Cb.ginJtbd, 
auild_ptl"(p'd->I"c_add,,»») 


In" •• lIi 


char 


Di •• ble_Vert_lnt( 
)1 


if 
(aut_ri'o_t 
_. 
1"_,t'o_t) 
/* if 
the 
'1'0 
t ••• 
ptV *' 
t_~u'_st.t 
• E""TY. '* stop 
'illing 
T.,.ana.it 
a~".r 
D.acriptora 
*' 
.ls. 
'* 
if 
th. 
'i'o 
w•• 
full 
a"d 
is 
now dreining *' 
l' 
et_bu'_stet 
•• 
FULL " 
out_'i'o_t 
- 
80 •• 
in_'i'o_t) 
( '* tu,..n 
Dn 
U•• 
sp ilot *' 
RTS_ON8; 
t_buf _st.t 
• 
lHUSE. 
) 
Enabl._U.,..t_lnt( 
); 


,...turnCc ); 


Fifo_T_ln(c) 
'* call.d 
bV Uart 
r.(.:I.",. 
int.l'rupt 
*' 


char 
c, 


'i'o_t[ 
in_'i'o 
t++l 
- 
CJ 


if ,Ct_buf_stat- 
•• 
Ef'1PTY) 
231421-55 
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'_bu'_s'.' 
• 
INUSE, 1* .tart: 
'i1linl 
Tren •• it luf'.,. 
D•• cT'i,toT' *' 
.1.. 
'* if 
th.,.. 
are 
ani, 
20 location. 
l.'t, 
turn 
o,f 
the 
.pilot 
*' 
if 
('_'uI_stat 
•• 
INUSE•• 
1"_'1'0_' 
+ 20 •• 
ou'_'1'o_'> 
( 
RTS_OFFB. 
,_Itu' _stat 
• 
FULL, 


Ft fD_R_Out() 
'* called 
ItV 
t.•.an •• t t int.,.,.upt 
*' 
{ 
ch." 
Cl 


if 
(out_'I'o_" - 
1"_'I'o_r) 
'* if 
the '1'0 
ts ••,t\! *' 
,._"u' _st.t 
• Ef'PTY; 
.1.. 
'* if 
the 
"'0 
•••• full 
and t. no. 
d,..in1nl *' 
if 
(,,_bu'_stat 
- 
FULL•• 
out_'i'D_" 
- 81 - 
1"_'1'0_1") 
,._bu' _stat 
- 
INJ8E1 
returnCc), 


Fifa_R_InCe) 
'* called 
'\I 
RecvJMta_J() 
*' 
cha... 
Cl 


'1'0_,,[1"_'1'0_"++] 
• c. 


'~!·~~~:u~:;:~!n!!)~TV) 
( 
UART_TX_EI_8. 
CoCO), 
'* prl •• 
the 
int.,.,..upt 
./ 
r _Itu, _stat 
• 
JNJSEi 


} 
.1.. 
'* if t~. Itu"." 
t •• 
ul1, 
indicet. 
it *' 
if 
,,,_Itu,_st.t 
- 
JNUSE•• 
1"_'1'0_" 
•• 
out_'1.o_,,) 
r _bu' _.t.t 
- 
FULLJ 
Enallle_U."t_Jnt( 
)J 


c ••• 
UART_TX_I: 
i' (,. 
_Ituf _st.t 
- 
E•• TY) 
UIIRT_TX_DIJ" 
RESET _TX_INl. 


} 
.1•• 
auU 
(CH_8.JIAT. 
Fih_R_OuU 
11. 
11,. •• 
111 
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C 


c••• 
UMTJlECy...EftllJl: 


ouUCCHJI_CTL. 
11. 
1* ,olnt 
to 
IIRI 
In 
11:/74 
*1 
.,., 
• 
inlt (CHJ_CTL t. 
ouUCCHJI_Cn.. 
01301. 


if 
C.ut 
• 
0100101 
wrlt.C-\,.,."lt., 
£","OT' Oo'oct."n-), 
if 
C.tot 
• 
01002(11 
Mrl'e( ·'nOv."""" 
E",".1" 
net.'ct.'\n")' 
if 
c.tot 
• 
0.00401 
""tt.C-,,,,.,, •• I,,. Er".,. De'ect•• ,,,",, 
.,..... 


c • 
inltCCH_IJ)AT), 


if et.'_I'.' - 
'fIitUE) 
( 
",_"., 
• 
FM..8E. 
'* Fl •• 
t. 'o,..ino'. Hi." a,••• T"o,.;.lt 
''''0•• , 


if 
(local_oc".) 
CoCe ), 


if 
Cc 
•• 
eTL C) 
,••'e' •-FALIIE, 
.1•• 
Fifo_T_lnCc), 
It"•• " 


'* och. ,tI. ch." "oc' t. ,It. ,.".in.l, 
co"t. 
cau•• 
• '•..• 
,.••i' ov.,,"U" 
if 
T. in,.""",t 
i, 
on.ltlod *' 


• 


co •• 
EXT_STAT_INT_I: 


ouUCCHJI_CTL. 
0.101, 
.,..•.., 


• .,'ltCCH.-A_CTL. 
0.10), 
It •••• 
,; 


•• f • .,lt: 


> 
EOI_8013O_1Ia74. 
£01_8274, 


•• ,.11_.1., 
• 
TRUE, 
.u'lI 
CO.EA. las) 1 


.u"CO.EA. 
0,00), 
,. 
Ti •• " 
1 int •••"u," ov.,.., .125 
'OC ./ 
.u'II(O.EO. 
0.62), 
'* EOI 
80130 0' 
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fl'COfUSR 
fC...x:KfCBRC 
fUN'. C 


Lo.4J. 
•• , CI 
( 


'art 11) 
( 
R•••• 
Atltlf'C·\n\nEnt.l" 
'hi. 
8,.tton'. 
LSAP In 
H•• -> ., ••••,. 
1); 


if 
C!Atld_D•• ,-"tltI" ••• 
c••• p. 
R.cv_DatA_i» 
( 
."..1"e(·\n\"£,.."o1": 
LSAP A411" ••• 
'Wu" 
b. 
one 
of 
the 
'ol1ol1111n,: \n"), 


...,.1".(·'" 
2OH. 
4QH, 
6OH. 
SOH. 
AQH, 
eOH, 
EOH 'n·), 


Loa"J1ultica.t( 
) 
( 


fof' 
( 
I 
; 
) 
( 
R•• 
d..-Ad ••.•.·C·'nEnt." ,tI. "ut,tc." 
Add,.. ••• 
in He. ->", 
"'ul 
U-"dd~[O). 
"'DD_LENll 


if 
CC"ulU_"'4'~[0) 
• 
0,011 
- 
01 
WTtt.C·'"80,.,..,. the 
LI8 
of ,tI. 
Mult-ic •• ' 
Add", •••• 
Vlt 11. 1\n"), 


.1,. 
( if 
(!A •• -"ultic •• '_AtI.,. ••• C••••ulti_ ••• 
tld"(Ol» 
( 
""1".(·'"\"80"'1'". "ultic •• t Md"••• T.bl. t. ful1!\n"h 
,,....., 
) 
.1•• c , 


Wt-ttitC"'n'nWould 
'Iou 
lj, •• 
to 
add _nottl.r 
Mutt-ic •• t 
Adtl" ••• ?"), 
Writ.C· 
CY 
01" 
N) --> .), 
if 
(!V •• c» 
,,,..,, 


fIt •• 
ove-"ultlc 
•• tC) 
( 


for 
( 
; 
; 
) 
( 
R•• d_Addre 
"'nEnt.,.. 
the 
Mutt-tc.,' 
Add.,..,. 
thet 
Vou~.ent 
to 
•• let. 
in' H•• 
-->" . 
•••ulti_ •••••~[O). 
ADDJ.ENl; 


If 
CC"ulU-""~[Ol 
• 0,011 
•• 
01 
WT'lt.(-'n80.,."". 
th. 
LBB 0' 
the 
"ultlc 
•• t A.d.,.•••• 
u.t 
It. 
l\n"), 
.1•• ( i' 
(!D.l.t._~lttc 
•• t_A •• .,.••• 
Ur"ulti_Add1"[Ol) 
( 
WT'lt.C"\n\nBo"''''\l' 
th.t 
"ultiui.t 
Add.,.••• 
do•• n't 
•• t.t!\n"b 
".,. •• In 
) 
.1•• ( 
WT'lt.C·\n\nWoulll 
,ou 
lU. 
to 
•• l.t 
•• 
not •••.,. "ultic 
•• t 
Add.,.••• ?••), 
Writ.C· 
CV 0" 
N) --> 
"h 
if 
(!V.,C)) 
1t"•• lu 
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-if 
~.t.t) 
-( 
w",tt.("\n 
Th. 
following 
Multic 
•• t Addr ••••• 
, er- 
.n ••• ~.d: 
to); 
for 
(PNlt •••• 
ttO], 
p•• t <- ••• 
tCI"IULTJ_ADDR_CNT 
- 
1]. 
pII.t++) 
if 
(paat->.tat •• 
IMISE) 
< 
Wri t._Acld" (.,,..\->••d,..(O], 
AOD_LeN) 
I 
WY-it.(" 
"). 


231421-59 


} 
.1•• 
.,.,.It,("'" 
Th,r, 
al" 
no f'lultic •• t Addr•••••• 
n.atl.d. \n"); 
,. 


if 
(Cst,t 
- 
Init_Llc(» 
- 
PASSED) 
Writ.C ••'n\nP ••••• 
Dil,noltic: 
S.lf 
T•• t.\"\n\""), 
.ls. 
lft.tat 
-- 
FAILED_DIAQNOSEI 
Writ.C"'n\nFail.d: 
8.1f 
T.lt·oilgnol. 
Co••• n"'""), 
.1•• 
tfe,t.t 
•• 
FAILED.-LP8"_JNTEItNM.) 
Wrtt.C"\n\nFail.d: 
Int,,.nll 
Loopblcll 
8.1f 
T.,t\"") 
• 
•ls. 
if' .t.t •• FAlLED_LPBK_EXTERNAL) 
Writ.("\n'nFai1.d: 
Eat."nll 
Loopbacll 9.1f 
T.,t\""), 
.1•• 
if (at.t 
-- 
FAILED_LPIK_TRANSCElVE'U 
Writ.C "'n\nF.il.d: 
E.t."nll 
Loop"CII 
ThT'oUlh 
T"'lnlc..1v.r 
S.l' 
T•• t\n"), 


outb(O.EO. 
0.31)1 
outb (0.E2. 
0.20); 
/*init.UI. 
80130 pie - 
JeW1 
*/ 


/. 
JCW2 *' 
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C 


out~(O.E2. 
0.10h 
I- 
lCW3 *' 
outll(O.E2. 
0.00), 
I- 
ICW4 *' 
outlt (O.E2. 0,10); 
I- 
IC •••• *1 
outb (O.E2. 
OaFF), 
I- •••• 
all 
inte"l"upt. *, 


out.(O.FF20. 
0.0020), 
/••• t 80184 v.eto,," 
b••• *' 
'* In1t1.11z. 
tt.. 
BOI30 
tl ••,.. 'OT Ter_in.l 
"ode -I 


outbeO.EE. 
0.34), 


out-beO.Ea. 
OaB8), 
outbCO.ES. 
O.OB), '* BVSTICK. 
•• t 
'or 
1 ••• 
c *' 
outbCO.EE. 
0.70); 


outlt (O.EA. 125); 
outbeO.EA. 
0.00), '* Tt •• .,. 1 int."ru,ts 
ev • .,.v 
.1:25 
•• c *' 
'* Initializ. 
't.. 8274 *' 
outlt (CHJJ_CTl.. 
0110), 
out ••(CH_B_CTL. 
Oa2Bh 
outb (CH_B_CTL. 
0.30), 
out ••(CHJ'_CTL. 
0.38), 
outbCCH_8_CTL. 2), 
DutbCCHJJ_CTL.. 
wrll[2] 
.0.14), 


outb(CH_B_CTL. 
11; 
outb(CHJI_CTL. 
_bell 
• 
0.1511 


outbCCH .•..•_CTL, 
5), 
outbCCH_I_CTL. 
wt"bC51 
• 
OlEA), 


Writee"'n\n\n\"\n\n\n\"\n\"'"\n"); 
W1"tteC 


M 


•• 
••••••••••• 
•••• 
••••••••••• 
• 
••••• 
• 
••••••••••••••••• 
·.\n·). 


Writ.(· 
• 
82586 
IEEE 802.2/802.3 
COMp.tibl. 
D.t. 
Link 
Driv.l" 
.\nOl); 
WTit.(· 
•••••••••••••••••••••••••••••••••••••••••••••••••••••• 
\n"). 
UTi t. ("\n\n\n\n\n\n\n·) 
I 


dh ••• 
FALSEJ 
••onitol" _'1 ••• 
TRUEJ 


R.adJ'ddr(·\n\nEnt.T 
the 
A'dT ••• 0' the 
D•• tin.t10n 
Node 
in 
H•• 
--:> 
.•, 


IlD•• t_A4dT[Ol, 
ADD_LEN)J 


WTit.C"\n\nDo 
••ou 
went 
to 
Lo•• 
an •• Multic •• t 
AddT ••••• 
? CV or 
N) -->"); 


if 
(V •• 
(» 
Lo.4_"ultic 
•• t( ). 


T.r.inal_"odttC) 
< 


int 
• tTuct 
Ch.T 


fT •• tt_cnt. 
,,,, 
cnt. 


lID 
.pt'cf. -.,. 
*b •• inJtbd 
.• 
.,"u'. 
Cl 


Write«'"'" 
Would 
••au 
lill. 
the 
loc.l 
echo 
on? 
CY or 
N)--:>"); 
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C 


local_echo 
- 
TRUE; 


_I •• 
local_echo. 
FALSE; 


Writ,C"'" 
Thi. 
pro ••..•• will 
now Int.r 
thl 
t.".inal 
MO.'. \"\not). 


Writ.C"'" 
Pr ••• 
""C 
t".n 
eR to ,..turn 
back 
to 
the 
•••nu\n\nN); 


out_'ifo_t 
• 
In_'I.o_' 
• 
out_'I'o_1' 
- 
in_'lfo 
T' • 
0, 


t_"ul 
_st.t 
- 
E•••TYI 
T' _bu' _st.t 
• 
OPTY, 


EOI_BOl30_e:z741 
Enable_Uert_lnt( 
); 
Enabl,_Ti 
•• ",_lnt()1 
.-oni tor _'la 
•• 
FAL.SEJ 
t•• t.t • TRUEs 
while 
et •• t.t) 


"hilI 
(Cptbd 
- 
Q.t_Tbd(» 
•• 
pNULL) , '* g.t 
• 
IImlt bu,fl" 
d.t. 
1ink *1 
pbu' • 
Cch." 
.) 
ptbd->buf' ..,,1:,., 
1* point 
to 
thl 
bufllll" *1 
but _ent 
• 0, 


if 
('" ••• _ent •• 
0) ( '*, if 
thl. 
t. the 'i"., bu"'''' 
add on IEEE 802. iiZ 
h•• dl" 
1"'o" ••••tlo" *' 
bl.inJ1:bd 
• ptbd; 
'pbu'++ 
• d•• pl 
'pltu'.+ 
••• 'P' 
.pbu'++ 
- 
VI.• 


bu' _ent 
• 
3; 
) 
.1 •• 
,-)11"11. 
Of, •• tCptttd), '* if 
this 
i.n't 
the 
'ir.t 
buf'.r 
linll 
the 
,,,e,,iaus 
buff.r 
.ith 
the 
n.1It on. *' 
'* fill 
up a data 
li.nll 
I.it 
buffer 
frota 
•• ",nc t"an •• 1t 
fi'g *' 


foT' ( 
J 
bu'_cnt 
< TBUF_SIZE 
•• 
,,..,,.*_cnt 
< •••••X_FRNE_SIZEi 


buf _cnt++, 
pbuf++. 
,,. •• e_cnt++) 
{ 
i' 
Ch' •••• _cnt 
!- 
0 
•••• 
nd_'lag) 
br •• " 


••hil. 
(t_IIIu,_.t.t 
_ 
EI"tPTY). 
1* •••it 
until 
fi'o 
h •• 
d.ta *' 


i' 
«c 
- 
.,buf 
- 
Fifo 
T Out(» 
-- 
eR) 
{ 
++bu' _cnt 
.i 
++pbuf. - ++.,. •••• _cnt. 


b,,*.ltl 


}i' 
Cc 
•• 
eR 
:: 
bu'_cnt 
< TBUF_SIZE 
11 .end_flag) 
{ '* last 
bu'f.r 
in 
list 
*1 
,tbd->act_cnt 
- 
buf _cnt 
1 EOFIITJ 


send_flag 
• 
FM..SE. 
IIIr•• ltl 


} 
while< !Send_F"a.eCb.,inJtbd. 
IrD •• t_Add"rO]». 
'* It•• , 
tr",ing 
until 
success'ul 
*' 
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C 


Dt•••• l._U.l"t_lnt( 
)J 


Di •• ble_Tt 
•• ",_Int(), 
.ont tOl' _'I 
••• 
TRUE; 


struct 
TID 


,,_.hort 
_But 14J" ••• (ent) 
ent, 


u_.hort 
atT'uct 
TBD 
ch.", 


bv' _ent. 
'",••• _cnt. 
tJ 


.,tbd •• 
q. *'••tnJtbtl, 
.,bv'; 


foT' 
( 
J 
J 
Cl - 
Ptau.) 
( 


while 
«ptbd 
• 
Oet_Tbd(» 
- 
,NULLh 
/* ,.t •.• it 
bu"." 
'"0. 
the 
data 
ltnk *' 


,but 
- 
(ch." 
.) 
ptbd->IIIi""Jt", 
'* point 
to 
the b""e'" *' 
bv'_ent 
• 
01 


if 
('r ••• _,"t -. 
0) 
( '* if 
thtl 
t. the ,tr.t ••",fe",. 
add 
on IEEE 802. ~ 
h•• d• .,. 1n'o",".tlon 
*' 
begt"-,tll' 
• ,tbdJ 
.,bv.-++ - d,." 
-,bv'++ 
- ".p' 


-,bu'++ 
- 
UI, 
but _ent 
- 
31 


} 
_I •• 
q->linll 
- 
O" 
•• tC,tbd). 
'* if 
this 
ian't 
the 
fi"lt 
bu'f.T' 
lin. 
the 
previous 
bu"." 
with 
the 
ne•• on. *' 
'* fill 
up • data 
link 
JI.it 
b""e", 
with 
ASCII ch.,...ct.,., *' 
'ar 
(, 
bu'_ent 
< TBUF_SIZE 
le' 
ent 
> O. 


1++. 
buf _ent++. 
pbuf++. 
cnt--. 
fr •••• _cnt++) 
( 
*pbuf 
- 
11 


if 
(1 > O.7E) 
i 
• O.lF; 


} 
if 
(ent 
-- 
0) 
( '* 1•• t 
buff.r 
1n list *' 
ptbd->.ct_cnt 
• 
buf_cnt 
I EOFBITi 


IIr ••• 
, 


} 
r.turn' 
b.g in_p tbd) 
J 


Monitor_Mod.C) 
{ 


u_short 
•• it. 
ent. 
i. 


struet 
TBD 
.Build_Fr 
•••• C), 
.ptbd; 


Writ.C" 
Do "ou 
•• nt 
this 
.t.tion 
to 
t.,..ns.1t? 
(Y or 
N) --> 
.)J 
if 
(V.s<» 
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'or (••i t • 
FALSE I 
•• it .- 
FALSE. 
) < 
Writ.(-'n 
Enter 
the 
nu.llle.,. 
of d.t. 
b.,t •• 
in 
the 
fr ••• 
__> 
M); 
ent 
- 
R.ad_Int 
( ) i 
if 
(cn\ > 2(45) 
Writ. 
CM\" 
80r,. ••• the 
nu.b.,. 
ha. 
to 
be 
1••• 
then 
204b!'""); 
.1•• 
•• it 
• 
TftUE, 


231421-63 


.1 •••• 
it • FALSE, 


No 
R •• ource 
Errors 


Rac.i".'n"), 
Ove"T"un\nlt) 
j 
ET'rors\nlO)i 


Aliln •• nt 
E,."o,.. 
Writ.(.. 
• 0' Oood 
Writ.(.. 
Fr •••• 
Wl'it.(" Tl"an •• t tt.d 
• 0' Oood 
Fr.,.•• 
Received 


1* ·01234567890123456711'P01234567B90123456789012345678901234567B90123456789012345678 
.......... 
.1.1 
. 
1.1..... 
.1 1.. 
11 
25 
33 
44 
57 
71 *1 


for 
(t 
- 
01 
i < 
791 
i++) 
line[11 
- 0.20. 
1 ine[1") 
• 
CR, 
lin.C801 
• 
'\0', 


while 
C<inbCCH_I_CTl ..) " 
1> - 
0) 
( 
'or 
(t 
- 
OJ 
t < 72. 
t++) 
lin.Ctl 
• 
0.20.1 
Wl'ite_L.onl_lntClood_ 
•• U:_cnt. 
11)1 


WTite_Lanl_lntty·.cv_,r 
••• _cnt. 
25), 
...,.1'e_Short_lnt 
(~cb. erc_er,... 
33) J 
:!::::::;!:~~:~:~:: 
~!~::;~:: 
;;~~ 
Wri t._Sho,.t_lnt( 
acb. ov,. _.,.,.a. 
71); 
W" it. (111 in. COl); 
if 
hllllit) 
( 
ptbd 
• 
Bulld-F,..IIII.Ccnt)J 
whi 1.( 
!S.ndY" 
••• 
(ptbd. 
IID•• t_Add"COJ»; 


Ha_XIIi t-,,'od. 
( ) 
{ 
at,.uct 
TBD 
*ptbd; 


h. 
atat 
• 
TRUEJ 


EOI_9013O_8274. 
Enabl._Ua,.t_lntt 
)J 
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C 


.hUe 
(h,_st.t) 
{ 
while 
«ptblt 
- 
Oet_Tb"C» 
-- 
pNULL) , '* ••t ••• 
1t 
Itu'f.r froll 
the 
elat. 
1in_ 
*1 
ptbd->act_cnt 
1- EOF81TJ 
, ••• 
t 
tb. 
End 
O' 
F" ••• 
bit 
*1 
•••tt11.( 
!Sen._F" ••• (ptbd •• 
D•• t_AddreOl»)1 
'* Send 
F,..••••• 
, 


ch.,. 
ch[111. 
It•••• 
dwidth, 
••idth. 
ii 
un.igne. 
long 
' •• p' 


(dh.,) 
( 
dwidth 
•• O• 


• idth 
• 
41 


b•••• 
16J 


} 
el •• 
( 
•••• 
- 
10) 


Ifwidth 
- 
101 


wldth 
.•. ~; 


WriteC"'n\" 
Qood 
,,, •••• 
t".nllfd.tted' 
"), 
for 
(i 
• 
11 i <- 11 
- 
dwidth. 
i++) 
CoCBP); 


In'_To_"ICiiCIOod_l.it_cnt. 
b•••• 
' 
" 
.chtOl. 
Ifwidth,; 


'1 .• '!iwidt. 
- 
11 t )- 
0, 
i--) 
CO(Ch[l,JJ. 
WT'it.(- 
Oood 
,.,.•••• 
,..ceiv.d: 
"), 


'or 
(t 
- 
1; 
i <- l' 
- dwid~h; 
1"'''' 
CD(SP), 


In'_To_".ciiCT'.cv_,,. 
•••• _cnt. 
b.... 
., 
Itch[UJ, 
Uwidt ••), 
«"•. (1 • 
d.idth 
- 
11 
i )- 0, 
i--) 


.: ..•t .::!-tti]), 


Wl"it.c "\n\n 
\..1'C ~"'.••0T" ".e.t 
v ed: 
"); 
'0'" 
(j 
• 
1; 
i <. 15 - *i:!"'~i 
i++) 
Co(SP), 


te.p 
•• 
c:b. 
C1"C_ 
••••".J 


Int_To_A.eiiCt 
•• p. 
b•••• 
' 
'. 
&':c"[O]. 
width); 


.-,," 
(t 
- 
wtdth 
- 
11 
t >- 01 
i--) 


z s! t:hfi]); 


W"ite(" 
Al.llllom."t 
.""0'" 
".c.i 
ved: 
lOb 
'01" 
<t 
- 
I, 
i <- 
10 
- 
wl~t"l 
i++) 
Co(SP), 
t •• p 
- 
!Ocb .• In_.''''.i 
Int_To_A.cii 
(t •• p. 
b•••• 
' 
, 
.:.cLhLOl. 
willth), 
'or 
(i 
• 
width 
- 
t : 
.•. J- 
01 
t--) 
Co(chr i:;i. 


'" J."••"·'n\n 
Out 
o' 
R•• ource 
.,. ••• s . 
")J 
'0" 
(i 
• 
1; 
i <. 12 - 
width; 
i++J 
Co(SP), 


t •• p •• 
cb. "sc_.,."., 
Int_To_A.ciiCt 
•• p. 
b•• e . 
" 
4ICh[O], 
width), 
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for 
(i 
- willth 
- 
Is 
i >- 01 
t,--) 
Co(ch[il)J 


W'r1t.( •• 
Receive" 
overrun 
fI"' ••• 
•· 
•• 


faT' 
(i 
- 
1; i <- 12 - 
Itf.,·tt ••.•..•.• , 
C.CSP)I 
. 


'rift ••••. 
~;:... ".."._e",..I' 
1nt_To""'ICiift 
•• ,. 
_•••• 
~ 
», 
l.,h[O). 
width). 


fo,. 
H 
- 
_itlth 
- 
1; i >- 0, 
i--) 
Co(ch[i]); 


Writ.C"\n\" 
8ii!~ 
R••• t: 


for 
(i 
• 
11 i <- 2'1 
•.•.• ~,u 
i++) 
CcfspJ: 


t..,••p 
.•. 
", •• et_ent' 


Int_To_Alci 
i (t •• ,. It.... . " 
.chCOl, 
width); 


for 
U 
- 
width 
- 
11 
i >- O. 
i--) 
Co(chCilll 


..,.It.(· 
Tran•• it 
und•.•·'·un .r •••• : 
.); 


f(t'" 
'1 
•• ,: 
i ••.•11 - 
width. 
i++) 


~OC"')I 
t •• , • unll.T' •..u,,_cnt, 
Int_Ta_AlciiCt 
•• p •••••• 
' 
", 
IIch[O). 
widt ••~; 


'01'" U 
• wid'h 
- 
1; i >- 0; 
i--' 
Co(cl'l[il), 
W"ite(-'n\n 
LD~t. 
C.Rti: 
·)l 


;~T' 
U 
- 
I, 
i <- 26 - width; 
i++) 
COCSP); 


t •., 
• nO_Cl's_ent; 
Int_To_Alciict 
•• ,. 
b••• ; 
' •• 
,h[O). 
width). 


for 
(t 
- .id". 
- 1; i >- 
n· 
;.--} 
Co(ehti); 


W"it_'" 
SOE .","o,.a: 
",. 


9'0,. 
Ci - 
1. 
i <- 25 - 
wi4th. 
i++) 
Co(SP). 
t •• , - 
atl._e.,." _cnt. 
Jnt_To.-A~cii(t 
•• p ••••••• 
' 
" 
~chtO]. 
wieSt"); 


fo,. 
(i 
- 
wi.t •• - 
1; 
i >z v. 
i--) 
Co(eht1]); 


''''It.C"\n\n 
"'.,iaua 
"et"\I: 
")J 
foT' (i 
_ 1; i <- 21 - wi4th. 
i++) 
Co(BP)1 


t •• p 
- 
•• ,_col_cntl 
tnt_To_A.cii(t 
•• ,. 
~•• e. 
' 
" 
.chtO], 
width), 


'01" Cl -.wi.th 
- 
11 i >- O. i--) 
Co(chti), 


W"it.(" 
F"•••• 
th.t 
d.f."", 
•• : 
")1 
fo" 
Ci 
- 
1. 
i <- 15 - 
•.,ldth; 
i++) 
Co(SP); 
Jnt_To_Aaci i (d.'." 
_cnt. 
b..... 
• 
'. 
IcchtO]. 
'width); 


fol" (i 
- 
'width 
- 
1; 
i >- 0; 
i--) 
Co(ch[I]), 


WT'it. 
(ot'n\" 
Co ••• 
n•• 
are: 
'n'nll), 


Write 
( •• T - 
Te"aifWl 
"ode 
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IPCO/USR/CHUCK/CSRCIUN'. 
C 


Writ. 
{" 
X - 
High 
Sp •• d Trlln •• it 
"ode 
''''It. 
C" P - Print 
All 
Counters 
WT'it. 
(" 
A - 
Add. 
P1ultic 
•• t 
Addr ••• 
Wr.ite 
( •• S - 
Chang. 
the 
SSAP Addr ••• 
Write 
t " 
N - 
Ch.ng. 
D•• tination 
Nod. 
Addre •• 
WT'lte 
COl 
R - 
Re-Initialize 
the 
Dat. 
Link 


v - 
Change 
Tran •• it 
Statistics\n"), 
C - 
Cl •• ,. All 
Counter.\""), 
Z - 
D.l.t 
•• 
Multic 
•• t 
Addr ••.• '"")s 
D - 
Change 
the 
DSAP Add" ••• '"")1 
L -. Print 
All 
Adlh· ••••• 
\n ••), 
B - 
Change 
the 
nUMb.,. BiI'II'""); 


Int 


Init_U.p(); 
p,.:ln'_Help( 
)i 


for 
C,;) 
( 
WT-it. 
COO,"\" 
Enter 
11 co_and. 
tVI'. 
H '01' Help 
--> .,. 


c • 
R•• 
d Char(), 


.witch 
(Low.r_C 
••• 
Cc» 
( 


c••• 
'h': 


Print_Help 
(), 


br •• ltl 


c ••• 
'.': 


Monitor_Mod.C); 
br •• lo 
case 
't': 
Ter.inal_"odeC 
)1 


br •• lrl 


c ••• 
"x 
": 


Hs_X"it_"odeC 
») 


br •• II; 


c ••• 
'v': 


..,.ltll< 
"'n 
T".n •••it 
St.ti,tic 
•• 
"e 
nOIll "); 


j f 
Cfl.g 
•.• 
t.t_on 
ac 
1) 
Writ.("on. 
\n 
Would 'Iou 
like 
to 
ch.nge 
it 
? (Y or 
N) __> 
to); 


else 
W'rit.("off. 
\n 
Would 
\Iou 
like 
to 
ch.nge 
it? 
CY01' 
N) --> 
It); 


if 
(V•• (» 
< 
if ('1_,•.• t_t_on 
•• 
1) 
411.11I•.• 
t_t_on 
• 
O. 
el •• 
fl_ ••.• 
t.t_on 
• 
I. 
} 
b" •••• 
e ••• 
'p': 


Print_Cnt() 
I 


bre •• ' 
c ••• 
"c ": 


Cl •• r-_CntC») 
b" •• kl 
c... i.': 


Load_"ultic 
•• t( l; 


b're •• ; 


c ••• 
'z': 


Re.ove_f'tultic 
•• tC h 
b" •• k. 
c.,. 
''I': 


231421-66 


1-409 


• 


inter 
Ap·235 


IPCO/USR/CHUCK/CSRC/UAP. 
C 


D.l••• J)•• p_Add,.. ••• 
( .I.p); 
Load_L 
•• p ( ) I 
et,. ••• 
; 
c ••• 
'd': 
R•• d_AddT'(M\n\n£n'.,. 
the 
D•• tination 
Nod.'. 
LSAP in 
He. 
--:> 
", 
Ifd.ep. 
1); 
b"••• , 
'c.,. 'n': 
R•• d-ltdd"Cot'n\nEnt 
• .,. the 
Addr ••• 
of 
the 
D•• tination 
Node 
in 
He. 
--> ". 
• D•• 
t_AddT'[Ol. 
ADD_LEN); 


b,. •• 
11I 
c ••• 
'I': 
P,.int..Add,.. 
••••• 
( ), 
b,. •• ,; 
ca •• 
'f' '; 
Soft •• ,..Jt•••tC ); 
InitJ).t.LinkC 
)J 
Add_D 
•• 
p_Adch· 
••• 
C••• 
p. 
Recv_O.t._l)1 
'''..., 
ca •• 
'b': 
Wl"it.CM," 
The 
cu,..,...nt 
b••• 
t. 
ot)s 
if 
(dhe. 
_. 
TRUE) 
WTiteCMHell. 
\n 
Would 
",DU 
like 
to 
change 
it? 
CY or 
N) 
__ :> 
M); 
.1•• 
WTiteCMDeci 
•• 
l. 
\n 
Would 
••ou 
Itll. 
to 
change 
it ? 
(V 
OT' N) --> "), 
if 
(V •• 
C» 
( 
if 
(dh 
•• 
_. 
TRUE) 
dhe. 
- 
FALSE• 
• 1•• 
tlheI. • 
TRUEI 
} 
b", ••• 
, 


d.fault: 
W,.it. 
CII,,, Unknow" 
co ••• ,,4\,,"), 
b,. ••• ' 
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intJ 
Ap·235 


••••• 
nt 
public 
'DATA' 
I 
data 
'.D ••~nt 
.dd.,. ••• 


•• , •••nt 
,tack 
1.b.1 
word 
end • 


public 
public 


.qu 
.qu 


.ti 
'".v 
'".v 
m.v 
call 
hit 


IPCO/U9R/CHUCK/CSRC/AllSY. 
ASfI 


.tack 
.tlltop 
• tack 


end. 


•• , •• nt 
public 
end • 
'D"TA' 


DLD_D"T" 
• xtl'" 
SEQ"T_: word 
DLD_D"T" 


UIIP_DATA 
UIIP _DAT" 


DLD_CODE .It.,.n 
•• tT" 
DLD_CODE 


\U\P_CODE ,Jt,." 
UIIP _CODE 


•• g•• nt 
public 
'CODE' 


1.T' Ti •• out_: '.r. 1.,,_586 
,..". 
1'T'7_: far 
1.,,6 __fa". 
1•.•..5_: fa". 
In'1 
. f •r- 
ends 


•••••• 
nt 
public 
'CODE' 
I.r _U.r't_: f.,., 
1.,,2_: , • .,., "'_1"_: 
'aT" 
end • 


•• ,,,,.nt 
pub 1ie 
'CODE' 


'"'-'_' 
outw. 
lnit 
intv_, 
In8b1 __, 
di.able_, 
Sulld._Ptr 
Olf •• t_, 
be,in. 
i;b_, 
outb 


;+ 


••• u,.. 
cs. OO_CODE 
•• 
,U.. 
os: DLD_DATA 


[BP 
+ b) 
[BP 
+ BJ 


.u:, 
DLD_DATA 
; ,et 
b.,. 
of 
dg1'oup 
and 
SEQ.'tT • 
8. 
; p••• 
the 
"gMlnt 
value 
to 
thp. 
c program 
d ••• 
; 
H.in 
; go 
to 
the 
c program 


.nO 
proe 
far 
push 
BP 
•••v 
BP. 
SP 
push 
DX 
,".v 
DX. 
8"11 
in 
AL. 
DX 
p.p 
DX 
•• v 
SP, 
BP 
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AS" 


pop 
BP 
rot 


tnb_ 
end, 


outb 
P,"GC 
,.. 


push 
BP 
.ov 
BP. 
BP 
push 
OX 
push 
IIX 
eev 
OX. 
a"ll 
IIOV 
AX. 
."12 
out 
OX. 
/lL 
pop 
AX 
pop 
OX 
IIOV 
BP. 
BP 
pop 
BP 
rot 
outb 
endp 


Inlll_ 
proe 
,.. 
push 
BP 
••av 
BP. 
GP 
push 
DX 
••ev 
OX • .".1 
in 
/IX. 
OX 
pap 
OX 
••ev 
BP • 
BP 
pap 
BP 
rot 


inw_ 
endp 


outw_ 
proe 
,.. 


push 
BP 
••ev 
BP. 
BP 
push 
DX 
push 
/IX 


••ev 
OX • 
• "01 
• av 
AX • •...,2 
aut 
OX. 
/IX 
pap 
AX 
pap 
OX 
••ev 
BP. 
BP 
pop 
BP 
•• t 


outw_ 
endp 


Build_Ptl'" 
_ 
Pl'DC 
,.. 


push 
BP 
••ev 
BP• 
BP 


,mDV 
DX. 
OLOJlATA 
••ev 
AX • •.,..1 
••ev 
BP• 
BP 
pap 
BP 
rot 
BUild 
_Ptr_ 
.ntlp 


Of, •• t_ 
prue 
h. 
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pap 
CX 
pap 
BX 
pop 
AX 
1.•••t 


•• T'v._int:_8~74 
end, 


•• "ve_int_ti 
•• out 
PUI" 
AX· 


pUlh 
BX 
pUlh 
ex 
pUlh 
DX 
,vlh 
SI 
PUI" 
01 
P"I" 
DB 
PUI" 
ES 


.av 
AX. 
DLDJ)ATA 
.DV 
OS. 
A• 
• ov 
E9. 
AX 


,"DC 


po, 
ES 
,op 
DB 
po, 
01 
,A, 
SI 
pop 
ox 
liop 
CX 
pap 
BX 
pap 
AX 
iret 
••...v._int_ti 
•• out 
.n., 


•• rve_int? _il" 
,UI" 
,UI" 
pUlh 
pUlh 
,UI" 
pUlh 
pUlh 
,ulh 


proc 
AX 
BX 
CX 
OX 
SI 
01 
OS 
ES 


• ov 
AX • 
DLDJlATA 
• ov 
DB • 
AX 
Mav 
ES. 
AX 


call 
11"7_ 


,ap 
ES 
pop 
DB 
,ap 
DI 
pap 
SI 
POp 
OX 
po, 
CX 
po, 
BX 
pap 
AX 
231421-71 
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IPCO/USR/CHUCK/CSRC/ASBY. 
""" 


l",et 
•• rvI_int7 _i.r 
endp 


•• rvI_int6_is,. 
proc 
h~ 
push 
AX 
push 
IX 
push 
CX 
push 
DX 
push 
SI 
push 
DI 
push 
OS 
push 
ES 


••• v 
AX • 
OLD_DATA 
•••v 
DS • 
AX 
•• v 
ES • 
AX 


c.11 
15r6_ 


p.p 
ES 
p.p 
DS 
,., 
DI 


p.p 
91 
p.p 
DX 
,., 
CX 
,.p 
BX 
p.p 
AX 
ir.t 
•• rvI _inU._isr 
endp 


•• rvI_ int~ 
In 
proc 
hr 
pu;h 
AX 
putih 
BX 
push 
CX 
push 
DX 
push 
SI 
push 
DI 
push 
DS 
push 
ES 


••• v 
AX • 
OLD_DATA 
• cv 
DB • 
AX 
,"ov 
ES. 
AX 


call 
l.r5- 


,.p 
ES 
pop 
DS 
po, 
DI 
p.p 
SI 
,op 
DX 
p.p 
CX 
p.p 
BX 
pop 
AX 
ir.t 
_int'_i.r 
Ind, 
231421-72 
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IPeO/USR/~HUCK/eBRe/A5SV" 
ABM 


•• "ve_int2_il" 
,T'DC 
fAr 
,ulh 
AX 
pUlh 
BX 
push 
ex 
push 
DX 
push 
51 
push 
DI 
push 
os 
push 
ES 


••ov 
AX, 
UAP_DATA" 


••ev 
OS, 
AX 
.av 
ES, 
AX 


c.11 
151"2_ 


pop 
ES 
pop 
OS 
pop 
01 
pop 
SI 
pop 
ox 
pop 
ex 
pop 
BX 
pop 
AX 
1".t 
.erve_int2_i 
IT' 
endp 


5.""8_1nt1_11" 
P7'OC 
fAr 
push 
AX 
push 
BX 
push 
ex 
push 
DX 
push 
SI 
push 
0/ 
push 
DS 
push 
ES 


••ev 
AX. 
IlLD_DATA 
••ov 
OS. 
AX 
••ov 
ES. 
AX 


call 
] sri 


pop 
ES 
pop 
DS 
pop 
DI 
pop 
51 
pop 
DX 
pop 
ex 
pDP 
IX 
pop 
AX 
i".t 
l"tl -In 
endp 


en.bl._ 
proc 
f •• 
,.. 
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••DV 
"DV 
••DV 
••DV 
••DV 
.DV 
"DV 
••DV 
.DV 
••DV 
.DV 
"DV 
••DV 
.DV 
.DV 


os: word 
pOr 
82h. 
IN_ •..• 
uUt. 


OS: word 
pOr 
B4h. 
of' •• t ••"v._intl_ls" 
int 
OS: word 
ptr 
Bl>h. 
DO_CODE 
08: WOl'd 
ph 
BBh. 
o'fI •• t 
•• rve_ int2 -!or 
int 
2 
DB: wOl"d 
ptr 
IlAh. 
DO_CODE 
os: word 
ptr 
Beh. 
off •• t 
•• rve_tnt_isr 
int 
3 
OS: wOl'd 
ptr 
BEh. 
DO_CODE 
DS:word 
ptr 
90h. 
off •• t 
•• ,..ve_int_th.eout 
int 
4 
DS:.ol'"d 
ptr 
901h. 
DO_CODE 
DS:word 
ptr 
94h. 
of, •• t 
..rve_int'_i.,.. 
I 
int ~ 
DS:wo,..d 
ptr 
91>h. 
DO_CODE 
DS:WDT'd 
ptr 
98h. 
off •• t 
•• r ve -intb -in 
int 
I> 
DB: WOT'd 
ptr 
9Ah. 
DO_CODE 
09: wo,.d 
ptr 
9Ch. 
of' •• t 
•• T've_int7 _is'r 
I 
int 
7 
DS: WOT'd 
ptr 
<;!Eh. 
DO_CODE 


AX 
OS 
pOp 
pop 
ut 


end 


1-417 


231421-74 


Implementing StarLAN with 
the Intel 82588 


APPLICATION 
NOTE 


ADIGOLBERT 
DATA COMMUNICATIONS 
OPERATION 


SHARAD 
GANDHI 
FIELD APPLICATIONS-EUROPE 


AP-236 


November 
1986 


1-418 
Order Number: 231422-003 


IMPLEMENTING 
StarLAN 
WITH THE INTEL 82588 
CONTENTS 
PAGE 


1.0 INTRODUCTION 
1-421 


1.1 StarLAN 
1-421 


1.2 The 82588 
1-421 


1.3 Organization 
of the Application 
Note 
1-421 


1.4 References 
1-421 


2.0 StarLAN 
1-421 


2.1 StarLAN Topology 
1-422 
2.1.1 Telephone 
Network 
1-422 


2.1.2 StarLAN 
and the Telephone 
Network 
1-423 


2.1.3 StarLAN and Ethernet 
1-425 


2.2 Basic StarLAN Components 
1-425 


2.2.1 A StarLAN 
Node Interface 
.. 1-426 


2.2.2 StarLAN 
HUB 
1-426 


2.2.3 StarLAN Cable 
1-428 


2.3 Framing 
1-428 


2.4 Signal Propagation 
and 
Collision 
1-429 


2.4.1 Situation # 1 
1-431 


2.4.2 Situation # 2 
1-431 


2.4.3 Situation #3 
1-431 


2.5 StarLAN 
System And Network 
Parameters 
1-431 


3.0 LAN CONTROLLER 
FOR 
StarLAN 
1-431 


3.1 IEEE 802.3 Compatibility 
1-431 


3.2 Configurability 
of the 82588 
1-431 


3.3 Clocks and Timers 
1-433 


3.4 Manchester 
Data Encoding 
and 
Decoding 
1-433 


3.5 Detection 
of the Collision 
Presence 


Signal 
1-434 


3.5.1 Collision 
Detection 
by Code 
Violation 
1-435 


3.5.2 Collision 
Detection 
by 
Signature 
(or Bit) Comparison 
.. 1-435 
3.5.3 Additional 
Collision 
Detection 


Mechanisms 
1-436 


1-419 


CONTENTS 
PAGE 


3.6 Carrier Sensing 
1-436 


3.7 Squelching 
the Input 
1-437 


3.8 System Bus Interface 
1-438 


3.9 Debug and Diagnostic 
Aids 
1-439 


3.10 Jitter Performance 
1-440 


4.0 THE 82588 
1-440 


4.1 Transmit 
and Retransmit 
Operations 
1-441 


4.2 Configuring 
the 82588 
1-441 


4.3 Frame Reception 
1-441 


4.3.1 Multiple Buffer Frame 
Reception 
1-442 


4.4 Memory Dump of Registers 
1-444 


4.5 Other Operations 
1-444 


5.0 StarLAN 
NODE FOR IBM PC 
1-444 


5.1 Interfacing 
to the IBM PC I/O 
Channel 
1-447 


5.1.1 Register Access and Data Bus 
Interface 
1-447 


5.1.2 Control Port 
1-448 


5.1.3 Clock Generation 
1-449 


5.1.4 DMA Interface 
1-449 


5.1.5 Interrupt Controller 
1-450 


5.2 Serial Link Interface 
1-451 


5.2.1 Transmit 
Path 
1-451 


5.2.2 Idle Pattern Generation 
1-451 


5.3 Receive Path 
1-452 


5.4 80188 Interface to 82588 
1-454 


5.5 iSBX Interface to StarLAN 
1-454 


6.0 THE StarLAN 
HUB 
1-457 


6.1 A StarLAN 
HUB for the IBM/PC 
.. 1-457 


CONTENTS 
PAGE 


6.1.1 HUB Input Ports 
1-465 


6.1.2 Collision Detection 
1-466 


6.1.3 The Local 82588 
1-467 


6.1.4 The Collision Presence 
Signal 
1-467 


6.1.5 Signal Retiming 
1-468 


6.1.6 Retiming Circuit, Theory of 
Operation 
1-468 


6.1.7 Retiming Circuit 
Implementation 
1-469 


6.1.8 Driver Circuits 
1-471 


6.1.9 Header/Intermediate 
HUB 
Switch 
1-471 


6.1.10 Jabber Function 
1-471 


6.1.11 HUB Receiver Protection 
Timer 
1-472 


6.1.12 HUB Reliability 
1-472 


7.0 SOFTWARE 
DRiVER 
1-473 


7.1 Interfacing 
to IBM PC 
1-473 


7.1.1 Doing 110 on IBM PC 
1-473 


7.2 Initialization 
and Declarations 
1-475 


7.3 General Commands 
1-477 


7.4 DMA Routines 
1-480 


7.5 Interrupt Routines 
1-482 


APPENDIX 
A: StarLAN 
SIGNALS 
1-485 


APPENDIX 
B: 802.3 1BASE5 
MULTI· 
POINT EXTENSION 
(MPE) 
1-488 


APPENDIX 
C: SINGLE 
DMA CHANNEL 
INTERFACE 
1-490 


APPENDIX 
D: MEASURING 
NETWORK 
DELA VS WITH THE 82588 
1-492 


1-420 


inter 


1.0 INTRODUCTION 
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Personal computers 
have become the most prolific 
workstation in the office, serving a wide range of needs 
such as word processing, spreadsheets, and data bases. 
The need to interconnect PCs in a local environment 
has clearly emerged, for purposes such as the sharing of 
file, print, and communication servers; downline load- 
ing of files and application programs; electronic mail; 
etc. Proliferation of the PC makes it the workstation of 
choice for accessing the corporate mainframe/s; 
this 
function can be performed much more efficiently and 
economically when clusters of PCs are already inter- 
connected through Local Area Networks (LANs). Ac- 
cording to market surveys, the installed base of PCs in 
business environments reached about 10 million units 
year-end '85, with only a small fraction connected via 
LANs. The installed base is expected to double by 
1990. There is clearly a great need for locally intercon- 
necting these machines; furthermore, end users expect 
interconnectability across vendors. Thus, there is an ur- 
gent need for industry standards to promote cost effec- 
tive PC LANs. 


A large number of proprietary PC LANs have become 
available for the office environment over the past sever- 
al years. Many of these suffer from high installed cost, 
technical 
deficiencies, non-conformance 
to industry 
standards, and general lack of industry backing. Star- 
LAN, in Intel's opinion, is one of the few networks 
which will emerge as a standard. It utilizes a proven 
network access method, it is implemented with proven 
VLSI components; it is cost effective, easily installable 
and reconfigurable; it is technically competent; and it 
enjoys the backing of a large cross section of the indus- 
try which is collaborating to develop a standard (IEEE 
802.3, type lBASE5). 


1.1 StarLAN 


StarLAN is a I Mb/s network based on the CSMA/ 
CD access method (Carrier 
Sense, Multiple Access 
with Collision Detection). 
It works over standard, 
unshielded, twisted pair telephone wiring. Typically, 
the wiring connects each desk to a wiring closet in a 
star topology (from which the IEEE Task Force work- 
ing on the standard 
derived the name StarLAN 
in 
1984). In fact, telephone and StarLAN wiring can coex- 
ist in the same twisted pair bundle connecting a desk to 
the wiring closet. Abundant quantities of unused phone 
wiring exist in most office environments, particularly in 
the U.S. The StarLAN concept of wiring and network- 
ing concepts was originated by AT&T Information Sys- 
tems. 


1.2 The 82588 


The 82588 is a single-chip LAN controller designed for 
CSMA/CD networks. It integrates in one chip all func- 


tions needed for such networks. Besides inplementing 
the standard CSMA/CD functions like framing, defer- 
ring, backing off and retrying on collisions, transmit- 
ting and receiving frames, it performs data encoding 
and decoding in Manshester or NRZI format, carrier 
sensing and collision detection, all up to a speed of 2 
Mb/s (independent of the chosen encoding scheme). 
These functions make it an optimum controller for a 
StarLAN node. The 82588 has a very conventional mi- 
crocomputer bus interface, easing the job of interfacing 
it to any processor. 


1.3 Organization 
of the Application 
Note 


This application note has two objectives. One is to de- 
scribe StarLAN in practical terms to prospective imple- 
menters. The other is to illustrate designing with 82588, 
particularly as related to StarLAN which is expected to 
emerge as its largest application area. 


Section 2 of this Application Note describes the Star- 
LAN network, its basic components, collision detec- 
tion, signal propagation and network parameters. Sec- 
tions 3 and 4 describe the 82588 LAN controller and its 
role in the StarLAN network. Section 5 goes into the 
details of designing a StarLAN node for the IBM PC. 
Section 6 describes the design of the HUB. Both these 
designs have been implemented and operated in an ac- 
tual StarLAN environment. Section 7 documents the 
software used to drive the 82588. It gives the actual 
procedures used to do operations like, configure, trans- 
mit and receive frames. It also shows how to use the 
DMA controller and interrupt controller in the IBM 
PC and goes into the details of doing I/O on the PC 
using DOS calls. Appendix A shows oscilloscope traces 
of the signals at various points in the network. Appen- 
dix B describes the multiple point extension (MPE) be- 
ing considered by IEEE. Appendixes C and D talk 
about advanced usages of the 82588; working with only 
one DMA channel, and measuring network delays with 
the 82588. 


1.4 References 


For additional information on the 82588, see the Intel 
Microcommunications 
Handbook. StarLAN specifica- 


tion are currently 
available in draft standard 
form 
through the IEEE 802.3 Working Group. 


2.0 StarLAN 


StarLAN is a low cost I Mb/s networking solution 
aimed at office automation applications. It uses a star 
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topology with the nodes connected in a point-to-point 
fashion to a central HUB. HUBs can be connected in a 
hierarchical fashion. Up to 5 levels are supported. The 
maximum distance between a node and the adjacent 
HUB or between two adjacent HUBs is 800 ft. (about 
250 meters) for 24 gauge wire and 600 ft. (about200 
meters) for 26 gauge wire. Maximum node-to-node dis- 
tance with one HUB is 0.5 km, hence IEEE 802.3 des- 
ignation of type !BASE5. I stands for I Mb/s and 
BASE for baseband. (StarLAN doesn't preclude the use 
of more than 800 ft wiring provided 6.5 dB maximum 
attenuation is met, and cable propagation delay is no 
more than 4 bit times). 


One of the most attractive features of StarLAN is that 
it uses telephone grade twisted pair wire for the trans- 
mission medium. In fact, existing installed telephone 
wiring can also be used for StarLAN. Telephone wiring 
is very economical to buy and install. Although use of 
telephone wiring is an obvious advantage, for small 
clusters of nodes, it is possible to work around the use 
of building wiring. 


Factors contributing to low cost are: 


I) Use of telephone grade, unshielded, 24 or 26 gauge 
twisted pair wire transmission media. 


2) Installed base of redundant telephone wiring in most 
buildings. 


3) Buildings are designed for star topology wiring. 


They have conduits leading to a central location. 
4) Availability of low cost VLSI LAN controllers like 
the 82588 for low cost applications and the 82586 for 
high performance applications. 


5) Off-the-shelf, 
Low cost RS-422, RS-485 drivers/re- 
ceivers compatible with the StarLAN analog inter- 
face requirements. 


2.1 StarLAN Topolo~IY 


StarLAN, as the name suggests, uses a star topology. 
The nodes are at the extremities of a star and the cen- 
tral point is called a HUB. There can be more than one 
HUB in a network. The HUEs are connected in a hier- 
archical fashion resembling an inverted tree, as shown 
in Figure I, where nodes are shown as pcs. The HUB 
at the base (at level 3) of the tree is called the Header 
Hub (HHUB) and others are called Intermediate HUBs 
(IHUB). It will become apparent, later in this section, 
that topologically, this entire network of nodes and 
HUBs is equivalent to one where all the nodes are con- 
nected to a single HUB. Also StarLAN doesn't limit 
the number of nodes or HUES at any given level. 


2.1.1 TELEPHONE 
NETWORK 


StarLAN is structured to run parallel to the telephone 
network in a building. The telephone network has, in 
fact, exactly the same star topology as StarLAN. Let us 
now examine how the telephcne system is typically laid 
out in a building in the USA. Figure 2 shows how a 
typical building is wired 
for 
telephones. 
24 gauge 
unshielded twisted pair wires emanate from a Wiring 
Closet. The wires are in bundles of 25 or 50 pairs. The 
bundle is called D inside wiring (DIW). The wires in 
these cables end up at modular telephone jacks in the 
wall. The telephone set is either connected directly to 


HUB 
LEVEL 
3 


HUB 
LEVEL 
2 


HUB 
LEVEL 
1 


·Maximum 
of 5 HUB levels . 


• PCs or DTEs 
can connect 
directly 
at any level. 
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Figure 1. 8tarLAN 
Topology 
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the jack or through an extension cable. Each telephone 
generally needs one twisted pair for voice and another 
for auxilliary power. Thus, each modular jack has 2 
twisted pairs (4 wires) connected to it. A 25 pair DIW 
cable can thus be used for up to 12 telephone connec- 
tions. In most buildings, not all pairs in the bundle are 
used. Typically, a cable is used for only 4 to 8 telephone 
connections. This practice is followed by telephone 
companies because it is cheaper to install extra wires 
initially, rather than retrofitting to expand the existing 
number of connections. As a result, a lot of extra, un- 
used wiring exists in a building. The stretch of cable 
between the wiring closet and the telephone jack is typi- 
cally less than 800 ft. (250 meters). In the wiring closet 
the incoming wires from the telephones are routed to 
another wiring closet, a PABX or to the central office 
through an interconnect matrix. Thus, the wiring closet 
is a concentration 
point in the telephone network. 


There is also a redundancy of wires between the wiring 
closets. 


2.1.2 StarLAN 
AND THE TELEPHONE 
NETWORK 


StarLAN does not have to run on building wiring, but 
the fact that it can significantly adds to its attractive- 
ness. Figure 3 shows how StarLAN piggybacks on tele- 
phone wiring. Each node needs two twisted pair wires 
to connect to the HUB. The unused wires in the 25 pair 
DIW cables provide an electrical path to the wiring 
closet, where the HUB is located. Note that the tele- 
phone and StarLAN are electrically isolated. They only 
use the wires in the same bundle cable to connect to the 
wiring closet. Within the wiring closet, StarLAN wires 
connect to a HUB and telephone wires are routed to a 
different path. Similar cable sharing can occur in con- 
necting HUBs to one another. See Figure 4 for a typical 
office wired for StarLAN through telephone wiring. 
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Figure 2. Telephone 
Wiring in a Building 
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• StarLAN 
and telephones share the same 
bundle, but are electrically 
isolated. 


·StarLAN uses the unused wires in existing bundles. 
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Figure 3. Coexistence 
of Telephone 
and StarLAN 


1-423 


inter 
AP-236 


WIRING CLOSET 


IHUB 
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WIRING CLOSET 
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ROOt.! # 2 


WIRING CLOSET 


IHUB 
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Figure 4. A Typical 
Office Using Telephone 
Wiring for StarLAN 
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StarLAN 
and Ethemet 
are similar CSMA/CD 
net- 
works. Since Ethemet has existed longer and is better 
understood, a comparison of Ethemet with StarLAN is 
worthwhile. 
1. The data rate of Ethemet is lOMb/s and that of Star- 


LAN is 1 Mb/s. 


2. Ethemet uses a bus topology with each node con- 
nected to a coaxial cable bus via a 50 meter trans- 
ceiver cable containing four shielded twisted pair 
wires. StarLAN uses a star topology, with each node 
connected to a central HUB by a point to point link 
through two pairs of unshielded twisted pair wires. 


3. Collision detection in Ethemet is done by the trans- 
ceiver connected to the coaxial cable. Electrically, it 
is done by sensing the energy level on the coax cable. 
Collision detection in StarLAN is done in the HUB 
by sensing activity on more than one input line con- 
nected to the HUB. 


4. In Ethemet, the presence of collision is signalled by 
the transceiver to the node by a special collision de- 
tect signal. In StarLAN, it is signalled by the HUB 
using a special collision presence signal on the re- 
ceive data line to the node. 
5. Ethemet cable segments are interconnected using re- 
peaters in a non-hierarchical fashion so that the dis- 
tance between any two nodes does not exceed 2.8 
kilometers. In StarLAN, the maximum distance be- 
tween any two nodes is 2.5 kilometers. 
This is 
achieved by wiring a maximum of five levels of 
HUBs in a hierarchical fashion. 


2.2 Basic StarLAN Components 


A StarLAN network has three basic components: 
1. StarLAN node interface 
2. StarLAN HUB 
3. Cable 


SEGMENT 1 
.-------L-------. 


ETHERNET 


STARLAN 
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Figure 5. Ethernet 
and StarLAN 
Similarities 
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2.2.1 A StarLAN 
NODE 
INTERFACE 
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Figure 
6 shows 
a typical 
StarLAN 
node 
interface. 
It 


interfaces 
to a processor 
on the system 
side. The proc- 


essor 
runs 
the networking 
software. 
The 
heart 
of the 


node interface 
is the LAN controller 
which does the job 


of receiving 
and transmitting 
the frames 
in adherence 


to the IEEE 
802.3 standard 
protocol. 
It maintains 
all 


the 
timings-like 
the 
slot 
time, 
interfrarne 
spacing 


etc.-required 
by the 
network. 
It performs 
the 
func- 


tions of framing, 
deferring, 
backing-off, 
collision 
detec- 
tion which 
are necessary 
in a CSMA/CD 
network. 
It 


also does' Manchester 
encoding 
of data 
to be transmit- 
ted 
and 
clock 
separation=-or 
decoding=-of 
the 
Man- 


chester 
encoded 
data that is received. 
These signals be- 
fore going to the unshielded 
twist pair wire, may under- 


go 
pulse 
shaping 
(optional) 
pulse 
shaping 
basically 


slows down 
the fall/rise 
times 
of the signal. 
The pur- 


pose of that 
is to diminish 
the effects of cross-talk 
and 


radiation 
on adjacent 
pairs 
sharing 
the 
same 
bundle 


(digital 
voice, T1 trunks, 
etc). The shaped 
signal is sent 


on to the twisted 
pair wire through 
a pulse transformer 


for DC isolation. 
The signals 
on the wire are thus 
dif- 
ferential, 
DC isolated 
from the node and almost 
sinus- 


oidal (due to shaping 
and the capacitance 
of the wire). 


NOTE: 


Work 
done 
by the IEEE 
802.3 committee 
has shown 


that 
no slew 
rate 
control 
on the 
drivers 
is required. 
Shaping 
by the transformer 
and the cable is sufficient 


to avoid excessive 
EMI 
radiation 
and crosstalk. 


The squelch 
circuit 
prevents 
idle line noise from affect- 


ing the 
receiver 
circuits 
in the 
LAN 
controller. 
The 


squelch 
circuit 
has a 600 mv threshold 
for that purpose. 


Also as part of the squelch 
circuitry 
an envelope 
detec- 
tor is implemented. 
Its purpose 
is to generate 
an enve- 


lope of the transitions 
of the RXD 
line. Its output 
serve 


as a carrier 
sense signal. The differential 
signal from the 
HUB is received 
using a zero-crossing 
RS-422 
receiver. 


Output 
of the receiver, 
qualified 
by the squelch 
circuit, 


is fed to the RxD pin of the LAN 
controller. 
The RxD 


signal provides 
three 
kinds of information: 


I) Normal 
received 
data, when 
receiving 
the frame. 


2) Collision 
information 
in the 
form 
of the 
collision 
presence 
signal from the HUB. 


3) Carrier 
sense information, 
indicating 
the beginning 
and the end of frame. 
This is useful during 
transmit 


and receive operations. 


2.2.2 StarLAN 
HUB 


HUB is the point of concentration 
in StarLAN. 
All the 
nodes transmit 
to the HUB 
and receive from the HUB. 


Figure 
7 shows an abstract 
representation 
of the HUB. 
It has an upstream 
and a downstream 
signal processing 
unit. The upstream 
unit has N signal inputs 
and I sig- 
nal output. 
And 
the downstream 
unit has I input 
and 
N output 
signals. The inputs 
to the upstream 
unit come 
from 
the 
nodes 
or 
from 
the 
intermediate 
HUBs 


(lHUBs) 
and 
its output 
goes to a higher 
level HUB. 


The 
downstream 
unit 
is 
connected 
the 
other 
way 
around; 
input 
from 
an upper 
level HUB 
and the out- 


puts 
to nodes 
or lower 
level IHUBs. 
Physically 
each 
input and output 
consist 
of one twisted 
pair wire carry- 
ing a differential 
signal. The downstream 
unit essential- 
ly just 
re-times 
the 
signal 
received 
at the 
input, 
and 
sends it to all its outputs. 
The functions 
performed 
by 
the upstream 
unit are: 


I. Collision 
detection 
2. Collision 
Presence 
signal generation 
3. Signal Retiming 
4. Jabber 
Function 
5. Start of Idle protection 
timer 
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Figure 6. 82588 Based StarLAN 
Node 
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Figure 7. A StarLAN 
HUB 


The collision detection in the HUB is done by sensing 
the activity on the inputs. If there is activity (or tran- 
sitions) on more than one input, it is assumed that more 
than one node is transmitting. This is a collision. If a 
collision is detected, a special signal called the Collision 
Presence Signal is generated. This signal is generated 
and sent out as long as activity is sensed on any of the 
input lines. This signal is interpreted by every node as 
an occurrence of collision. If there is activity only on 
one input, that signal is re-timed-or 
cleaned up of any 
accumulated jitter-and 
sent out. Figure g shows the 


input to output relations of the HUB as a black box. 


If a node transmits for too long the HUB exercises ~ 
J~bber function to disable the node from interfering 
with traffic from other nodes. There are two timers in 


the HUB associated with this function and their opera- 
tion is described in section 6. 


The last function implemented by the HUB is the start 
of Idle protection timer. During the end of reception, 
the HUB will see a long undershoot at its input port. 
This undershoot is a consequence of the transformer 
discharging accumulated charge during the 2 microsec- 
onds of high of the idle pattern. The HUB should im- 
plement a protection mechanism to avoid the undesir- 
able effects of that undershoot. 


Figure 9 shows a block diagram of the HUB. A switch 
position determines whether the HUB is an IHUB or a 
HHUB (Header HUB). If the HUB is an IHUB 
the 
switch decouples the upstream and the downstream 
units. HHUB is the highest level HUB; it has no place 
to send its output signal, so it returns its output signal 
(through the switch) to the outputs of the 'downstream 
unit. There is one and only one HHUB in a StarLAN 
network and it is always at the base of the tree. The 
returned signal eventually reaches every node in the 
network through the intermediate nodes (if any). Star- 
LAN specifications do not put any restrictions on the 
number of IHUBS at any level or on number of inputs 
to any HUB. The number of inputs per HUB are typi- 
cally 6 to 12 and is dictated by the typical size of clus- 
ters in a given networking environment. 
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Figure 8. HUB as a Black Box 
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Figure 9. StarLAN 
HUB Block Diagram 


Although it is outside the scope of the IEEE 802.3 
IBASE5 standard, there is considerable interest in us- 
ing fiber optics and coaxial cable for node to HUB or 
HUB to HUB links especially in noisy and factory envi- 
ronments. Both these types of cables are particularly 
suited for point-to-point connections. Even mixing of 
different types of cables is possible (this kind of envi- 
ronments are not precluded). 


2.2.3 StarLAN 
CABLE 


Unshielded telephone grade twisted pair wires are used 
to connect a node to a HUB or to connect two HUBs. 
This is one of the cheapest types of wire and an impor- 
tant factor in bringing down the cost of StarLAN. 


Although the 24 gauge wire is used for long stretches, 
the actual connection between the node and the tele-' 
phone jack in the wall is done using extension cable, 
just like connecting a telephone to a jack. For very 
short StarLAN configurations, where all the nodes and 
the HUB are in the same room, the extension cable 
with plugs at both ends may itself be sufficient for all 
the wiring. (Extension cables must be of the twisted 
pair kind, no flat cables are allowed). 


The telephone twisted pair wire of 24 gauge has the 
following characteristics: 


Attenuation 
DC Resistance 
Inductance 


Capacitance 
Impedance 


: 42.55 db/mile 
@ I MHz 
: 823.69 O/mile 
: 0.84 mH/mile 


: 0.1 /LF/mile 
: 92.60, -4 
degrees @ I MHz 


Experiments have shown that the sharing of the tele- 
phone cable with other voice and data services does not 
cause any mutual harm due to cross-talk and radiation, 
provided every service meets the FCC limits. 


NOTE: 
StarLAN IEEE 802.3 IBASE5 draft calls for a maxi- 
mum attenuation 
of 6.5 dB between the transmitter 
and the corresponding receiver at all frequencies be- 
tween 500 KHz to 1 MHz. Also the maximum al- 
lowed cable propagation delay is 4 microseconds. 


2.3 Framing 


Figure 10 shows the format of a 802.3 frame. The be- 
ginning of the frame is marked by the carrier going 
active and the end marked by carrier going inactive. 
The preamble has a 56 bit sequence of 101010 .... 
ending in a O. This is followed by 8 bits of start of frame 
delimiter (sfd) 
- 
10101011. These bits are transmitted 
with the MSB (leftmost bit) transmitted first. Source 
and destination fields are 6 bytes long. The first byte is 
the least significant byte. These fields are transmitted 
with LSB first. The length field is 2 bytes long and gives 
the length of data in the Information field. The entire 
information field is a minimum of 46 bytes and a maxi- 
mum of 1500 bytes. If the data content ofthe Informa- 
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tion field is less than 46, padding bytes are used to 
make the field 46 bytes long. The Length field indicates 
how much real data is in the Information field. The last 
32 bits of the frame is the Frame Check Sequence 
(PCS) and contains the CRC for the frame. The CRC is 
calculated from the beginning of the destination ad- 
dress to the end of the Information field. The generat- 
ing polynomiai (Autodin 11)used for CRC is: 


The frames can be directed to a specific node (LSB of 
address must be 0), to a group of nodes (multicast or 
group---LSB of address must be I) or all nodes (broad- 
cast-ail 
address bits must be I). 


2.4 Signal Propagation 
and Collision 


X32 + X26 + X23 + X22 + X16 + X12 + Xll 
+ 


X10 + X8 + X7 + x5 + x. + X2 + X + 1 


Figure 11 will be used to illustrate three typical situa- 
tions in a StarLAN with two IHUBs and one HHUB. 
Nodes A and B are connected to HUBI, nodes C and D 
to HUB2 and node E to HUB3. 
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No need for Figure N. 
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SFD = Start 
of Frame 
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= Destination 
Address 
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LEN = Length 
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Check 
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All numbers 
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field 
length 
in octets. 


Figure 10. Framing 
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Situation 
11 1. A Transmitting 
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Situation 
11 2. A & B Transmitting 
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HUB1, 
HUB2 
are IHUBs 
HUB3 
is the HHUB 


Fa, Fb, Fc-Frames 
from nodes 
A, B & C 
Fx-Collision 
Presence 
Signal 


Situation 
11 3. A, B & C Transmitting 


Figure 11. Signal Propagation 
and Collisions 
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Whenever node A transmits a frame Fa, it will reach 
HUBl. If node B is silent, there is no collision. HUBl 
will send Fa to HUB3 after re-timing the signal. If 
nodes C, D and E are also silent, there is no collision at 
HUB2 or HUB3. Since HUB3 is the HHUB, it sends 
the frame Fa to HUB1, HUB2 and to node E after re- 
timing. HUBl and HUB2 send the frame Fa to nodes 
A, Band C, D. Thus, Fa reaches all-the nodes on the 
network including the originator node A. If the signal 
received by node A is a valid Manchester signal and not 
the Collision Presence Signal (CPS) for the entire dura- 
tion of the slot time, then the node A assumes that it 
was a successful transmission. 


2.4.2 Situation 
# 2 


If both nodes A and B were to transmit, HUBl will 
detect it as a collision and will send signal Fx (the Colli- 
sion Presence Signal) to the HUB3-Note 
that HUBl 
does not send Fx to nodes A and B yet. HUB 3 receives 
a signal from HUBl 
but nothing from node E or 
HUB2, thus it does not detect the situation as a colli- 
sion and simply re-times the signal FJi and sends it to 
node E, HUB2 and HUBl. Fx ultimately reach all the 
nodes. Nodes A and B detect this signal as CPS and 
call it a collision. 


2.4.3 Situation 
# 3 


In addition to nodes A and B, if node C were also to 
transmit, the situation at HUBl will be the same as in 
situation #2. HUB2 will propagate Fe from C towards 
HUB3. HUB3 now..sees two of its inputs active and 
hence generates its own Fx signal and sends it towards 
each node.. 


These situations should also illustrate the point made 
earlier in the chapter that, the StarLAN network, with 
nodes connected to multiple HUBs is, logically, equiva- 
lent to all the nodes connected to a single HUB (Yet 
there are some differences between stations connected 
at different HUB levels, those are due to different de- 
lays to the header hub HHUB). 


2.5 StarLAN System and Network 
Parameters 


Preamble length (incl. sfd) 
64 bits 
Address length 
6 bytes 
FCS length CRC (Autodin II) 
32 bits 
Maximum frame length 
1518bytes 
Minimum frame length 
64 bytes 
Slot time 
512 bit times 
Interframe spacing .. """. " 
96 bit times 
Minimum jam timing 
32 bit times 
Maximum number of collisions 
16 
Backoff limit 
10 


Backoff method 
Truncated binary exponential 
Encoding 
Manchester 


Clock tolerance 
±0.01% (lOOppm) 
Maximum jitter per segment 
± 62.5 ns 


3.0 
LAN CONTROLLER 
FOR StarLAN 


One of the attractive featuresof 
StarLAN is the avail- 
ability of the 82588, a VLSI LAN controller, designed 
to meet the needs of a StarLAN node. The main re- 
quirements of a StarLAN node controller are: 
• 
1. IEEE 802.3 compatible CSMA/CD controller. 
2. Configurable to StarLAN network and system pa- 
rameters. 
3. Generation of all necessary clocks and timings. 
4. Manchester data encoding and decoding. 
5. Detection of the Collision Presence Signal. 
6. Carrier Sensing. 
\ 


7. Squelch or bad signal filtering. 
8. Fast and easy interface to the processor. 


82588 performs all these functions in silicon, providing 
a minimal hardware interface between the system proc- 
essor and the StarLAN physical link. It also reduces 
the software needed to run the node, since a lot of func- 
tions, like deferring, back off,"counting the number of 
collisions etc., are done in silicon. 


3.1 
IEEE 802.3 Compatibility 


" The CSMA/CD control unit on the 82588 performs the 
functions 
of deferring, 
maintaining 
the 
Interframe 
Space (IFS) timing, reacting to collision by generating a 
jam pattern, calculating the back-off time based on the 
number of collisions and a random number, decoding 
the address of the incoming frame, discarding a frame 
that is too short, etc. All these are performed by the 
82588 in accordance to the IEEE 802.3 standards. For 
inter-operability of different nodes on the StarLAN net- 
work it is very important to have the controllers strictly 
adhere to the same standards. 
- i 


3.2 Configur~bility of the 82588 


Almost all the networking parameters are programma- 
ble over a wide range. This means that the StarLAN 
parameters form a subset of the total potential of the 
82588. This is a major advantage for networks whose 
standards are being defined and are in a flux. It is also 
an advantage when carrying over the experience gained 
with the component in one network to other applica- 
tions, with differing parameters (leveraging the design). 


The 82588 is initialized or configured to its working 
environment by the CONFIGURE 
command. After 
the execution of this command, the 82588 knows its 
system and network parameters. A configure block in 
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memory is loaded into the 82588 by DMA. This block 
contains all the parameters to be programmed as shown 
in Figure 12. Following is a partial list of the parame- 
ters with the programmable range and the StarLAN 
value: 


Parameter 
Range 
StarLAN 
Value 
Preamble length 
2,4, 8, 16 bytes 
8 
Address length 
o to 6 bytes 
6 
CRCtype 
16,32 bit 
32 
Minimum frame 
length 
6 to 255 bytes 
64 
Interframe 
spacing 
12 to 255 bit times 
96 
Slot time 
1 to 2047 bit times 
512 
Number of 
retries 
o to 15 
15 


Parameter 
Range 
StarLAN 
Value 
Data encoding 
NRZI, Man., 
Diff. Man. 
Manch. 


Collision 
Code viol., 
detection 
Bitcomp. 
Code Viol. 


Beside these, there 'are.many other options available, 
which mayor 
may not apply to StarLAN: 


Data sampling rate of 8 or 16 
Operating in Promiscuous mode 
Reception of Broadcast frames 
Internal loopback operation 
External loopback operation 
Transmit without CRC 
HDLC Framing 


BIT 


7 
6 
5 
3 
<4 
2 
o 
BYTE 


o 
1 
' 
1 
I' 
I 
, 
1 
1 
1 
BYTE COUNT (L.S.B) 


,.~'I··' 
I 
I 
I 
I 
~ 
I 
I 
J 
I 
I 
I 
I 
I 
I 
BYTE COUNT (M.S.B) 
I 
I 
I 


SERIAL 
SMPLG 
OSC 
I 
I 
I 
CHNG 
MODE 
RATE 
RANGE 
FIFO LIMIT 
I 
I 
I 
I 
I 
I 
BUFFER 
LENGTH 
I , 
I 
I 


EXT 
INT 
" 
NO SRC 
I 
I 


LP:BCK 
LP.BCK 
PREAM LEN 
ADD INS 
ADD LEN 
I 
I 
I 


BOF 
I 
OILMAN 
I 
, 


METO 
EXP 
PRIO 
/MAN 
UN PRIO 
I 
I 
I 
I 
I 
I 
1 
I· 


INTER 
FRAME 
SPACING 
I 
I 
I 
I 
I 
'I 
' 
I 
I 
I 
I 
I 
I 
I 
I 


I 
1 
SLOT TIME (L) 
I 
I 
I 
I 
I 
I 
, 
, 


RETRY NUMBER 
COBBC 
SLOT TIME (H) 


PAD 
BIT 
CRC16 
NCRC 
TON 
MAN 
BC 
PRM 
STUFF 
INS 
NCRS 
/NRZ· 
OIS 


COT 
COTF 
CRS 
CRSF 
SRC 
1 
I 
SRC 
I 
I 
, 
, 
1 
1 
MINIMUM 
FRAME 
LENGTH 


'0. -lE, 
I 
I 
I 
I 
I 
I 


2 


3 


<4 


5 


6 


7 


8 


9 


10 


11 


CONFIG PARAMETER FORMAT 


Figure 12. Configuration 
Block 
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The 82588 requires two clocks; one for the operation of 
the system interface and another for the serial side. 
Both clocks are totally asynchronous to each other. 
This permits transmitting and receiving frames at data 
rates that are virtually independent of the speed at 
which the system interface operates. 


The serial clock can be generated on chip using just an 
external crystal of a value 8 or 16 times the desired bit 
rate. An external clock may also be used. 


The 82588 has a set of timers to maintain various tim- 
ings necessary to run the CSMAlCD 
control unit. 
These are timings for the Slot time, Interframe spacing 


time, Back off time, Number of collisions, Minimum 
frame length, etc. These timers are started and stopped 
automatically by the 82588. 


3.4· Manchester 
Data Encoding and 
Decoding 


In StarLAN the data transmitted by the node must be 
encoded in Manchester format. The node should also 
be able to decode Manchester encoded data when re- 
ceiving a frame-a 
process also known as clock recov- 
ery. The 82588 does the encoding and decoding of data 
bits on chip for data rates up to 2 Mb/s. 
•• 
Besides Manchester, the 82588 can also do encoding 
and decoding in NRZI and Differential Manchester 
formats. 
Figure 
13 shows samples of encoding 
in 
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11011111011101010111 


NRZI 


t.4ANCHESTER 


Encoding 
Mid Bit Cell 
Bit Cell Boundary 
Method 
Transitions 
Transitions 


NAZ 
Do not exist. 
Identical 
to original data. 


NAZI 
Do not exist. 
Exist only if original data 
bit equals O. 
Dependent 
on present 
encoded 
signal level: 
to 0 if 1 
to 1 if 0 


Manchester 
Exist for every bit of 
Exist for consequent 
equal 
the original data: 
bits of original data: 
from 0 to 1 for 1 
from 1 toOfor11 
from 1 to 0 for 0 
from 0 to 1 for 0 0 


Differential 
Exist for every bit of 
Exist only if original data 
Manchester 
the original data. 
bit equals O. 
Dependent 
on present 
Dependent 
on present 
Encoded 
signal level: 
Encoded 
signal level: 
to 0 if 1 
to 0 if 1 
to 1 if 0 
to 1if 0 


Figure 13.82588 
Data Encoding 
Rules 
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these three formats. The main advantage of NRZI over 
the other two is that NRZI requires half the channel 
bandwidth, for any given data rate. On the other hand, 
since the NRZI signal does not have as many tran- 
sitions as the other two, clock recovery from it is more 
difficult. The main advantage of Differential Manches- 
ter over straight Manchester is that for a signal that is 
differentially driven (as in RS 422), crossing of the two 
wires carrying the data does not change the data re- 
ceived at the receiver. In other words, NRZI and Dif- 
ferential Manchester encoding methods are polarity in- 
sensitive (Even though NRZI, Differential Manchester 
are polarity insensitive, the 82588 expects a high level 
in the RXD line to detect carrier inactive at the end of 
frames). 


3.5 
Detection 
of the Collision 


Presence Signal . 


In a StarLAN network, HUB informs the nodes that a 
collision has occurred by sending the Collision Pres- 
ence Signal (CPS) to the nodes. The CPS signal is a 
special signal which contains violations in Manchester 
encoding. Figure 14shows the CPS signal. It has a 5 ms 
period, looking very much like a valid Manchester sig- 
nal except for missing transitions 
(or violations) at 


periodic intervals. When the 82588 decodes this signal, 
it fails to see mid-cell transitions repeatedly at intervals 
of 2.5 bit times and hence calls it a code violation. The 
edges of CPS are marked for illustration as a, b, c, 
d, ... 1.Let us see how the 82588 interprets the signal if 
it starts calling the edge 'a' as the mid-cell transition for 
'I'. Then edge at 'b' is '0'. Now the 82588 expects to see 
an edge at ,., but since there is none, it is a Manchester 
code violation. The edge that eventually does occur at 
'd' is then used to re-synchronize and, since it is a fall- 
ing edge, it is taken as a mid-cell transition for '0'. The 
edge at 'e' is for a '1' and then again there is no edge at 
"". This goes on, with the 82588 flagging code violation 
and re-synchronizing again every 2.5 bit times. When a 
transmitting node sees this CPS signal being returned 
by the HUB (instead of a valid Manchester signal it 
transmitted), it assumes that a collision occurred. The 
82588 has two built-in mechanisms to detect collisions. 
These mechanisms are very general and can be used for 
a very broad class of applications to detect collisions in 
a CSMA/CD 
network. Using these mechanisms, the 
82588 can detect collisions (two or more nodes trans- 
mitting simultaneously) by just receiving the collided 
signal during transmission, even if there was no HUB 
generating the CPS signal. 
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Figure 14.82588 
Decoding 
the Collision 
Presence 
Signal 
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3.5.1 COLLISION 
DETECTION 
BY CODE 
VIOLATION 


If during transmission, the 82588 sees a violation in the 
encoding (Manchester, NRZI or Differential Manches- 
ter) used, then it calls it a collision by aborting the 
transmission and transmitting a 32 bit jam pattern. The 
algorithm used to detect collisions, and to do the data 
decoding, is based on finding the number of sampling 
clocks between an edge to the next one. Suppose an 
edge occurred at time 0, the sampling instant of the 
next edge determines whether it was a collision (C), a 
long pulse (L)-with 
a nominal width of 1bit time-,or 
a short pulse (S)-nominal 
width of half a bit time. The 
following two charts show the decoding and collision 
detection algorithm for sampling rates of 8 and 16 
when using Manchester encoding. The numbers at the 
bottom of the line indicate sampling instances after the 
occurrence of the last edge (at 0). The alphabets on the 
top show what would be inferred by the 82588 if the 
next edge were to be there. 


Sampling rate = 8 (clock is 8x bit rate) 
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Collision also if: 


RxD stays low for 13 samples or more 
A mid cell transition is missing 


Sampling rate = 16 (clock is 16x bit rate) 


CCCCCSSSSSCLLLLLLLLLCCCC 


111111111111111111111111111 
o 
2 
4 
6 
8 
10 12 14 16 18 20 22 24 26 


Collision also if: 


RxD stays low for 25 samples or more 
A mid cell transition is missing 


A single instance of code violation can qualify as colli- 
sion. The 82588 has a parameter called collision detect 
filter (CDT Filter) that can be configured from 0 to 7. 
This parameter determines for how many bit times the 
violation must remain active to be flagged as a collision. 
For StarLAN CDT Filter must be configured to 0- 
that is disabled. 


3.5.2 COLLISION 
DETECTION 
BY SIGNATURE 
(OR BIT) COMPARISON 


This method of collision detection compares a signature 
of the transmitted data with that of the data received on 
the RxD pin while transmitting. 
Figure 15 shows a 
block diagram of the logic. As the frame is transmitted 
it flows through the CRC generation logic. A timer, 
called the Tx slot timer, is started at the same time that 
the CRC generation starts. When the count in the timer 
reaches the slot time value, the current value of the 
CRC generator is latched in as the transmit signature. 
As the frame is returned back (through the HUB) it 
flows through the CRC checker. Another timer-Rx 
slot timer-is 
started at the same time as the CRC 
checker starts checking. When this timer reaches the 
slot time value, the current value of the CRC checker is 
latched in as the receive signature. If the received signa- 
ture matches the transmitted one, then it is assumed 
that there was no collision. Whereas, if the signatures 
do not match, a collision is assumed to have occurred. 
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Figure 15. Collision 
Detection 
by Signature 
Comparison 
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;e~~·;~~;~h·bits-to-~;pl~te 
its signature. Other- 
wise, the transmitter may be done before the RX sig- 
nature is completed resulting in an undetected colli- 
sion. A sufficient condition to avoid this situation is to 
transmit frames with a minimum length of 1.5 • slot- 
time (see Figure 16). 


3.5.3 ADDITIONAL 
COLLISION 
DETECTION 
MECHANISM 


In addition to the collision detection mechanisms de- 
scribed in the preceding sections, the 82588 also flags 
collision when after starting a transmission any of the 
following conditions become valid: 
a) Half a slot time elapses and the carrier sense of 


82588 is not active. 


needs to Knowwhen the carrier is active and when not. 
This is done by the carrier sensing circuitry. On the 
82588 this circuit is on chip. It looks at the RxD (re- 
ceive data) pin and if there are transitions, it turns on 
an internal carrier sense signal. It turns off the carrier 
sense signal ifRxD remains in idle (high) state for 13/8 
bit times. This carrier sense information is used to mark 
the start of the interframe space time and the back off 
time. The 82588 also defers transmission when the car- 
rier sense is active. 


When operating in the NRZI encoded mode, carrier 
sense is turned off if RxD pin is in the idle state for 8 bit 
times or more (see Figure 18). 
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Figure 16. Limitation 
of CDBBC Mechanism 
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COLLISIONDETECTIONBY BITCO~PARISON(COBBC) 
(CONFIGUREBYTE8, BIT 3) 


COLLISIONDETECTIONSOURCE(INTERNAL.EXTERNAl) 
(CONFIGUREBYTE10, BIT 7) 
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Figure 17. Mode 0, Collislon'Detectlon 


If the signal received has the proper level but not the 
proper timing, it should not bother the receiver, This is 
accomplished by the time squelch circuit on the 82588, 
Time squelching is essential to weed out spikes, glitches 
and bad signal especially at the beginning of a frame. 
The 82588 does not turn on its carrier sense (or receive 
enable) signal until it receives three consecutive edges, 
each separated by time periods greater than the fast 
time clock high time but less than 13/8 bit-times as 
shown in Figure 18. 


3.7 Squelching the Input 


Squelch circuit is used to filter idle noise on the receiver 
input. Basically two types of squelch may be used: Volt- 
age and time. Voltage squelch is done to filter out sig- 
nals whose strength is below a defined voltage thresh- 
old (0.6 volts for StarLAN). It prevents idle line noise 
from disturbing the receive circuits on the controller. 
The voltage squelch circuit is placed right after the re- 
ceiving pulse transformer. It enables the input to the 
RxD pin of the 82588 only when the signal strength is 
above the threshold. 
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Figure 18. Carrier Sensing 
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The carrier sense activation can be programmed for a 
further delay by up to 7 bit times by a configuration 
parameter called carrier sense filter. 


shows that it has an 8 bit data bus, read, write, chip 
select, interrupt and reset pins going to the processor 
bus. It also needs an external DMA controller for data. 
transfer. A system clock of up to 8 MHz is needed. The 
read and write access times of the 82588 are very 
short-95 
ns-as 
shown by Figure 20. This further fa- 
cilitates interfacing the controller to almost any proces- 
sor. 


3.8 System Bus Interface 


The 82588 has a conventional bus interface making it 
very easy to interface to any processor bus; Figure 19 
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Figure 19.Chip Interface 
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The 82588 has over 50 bytes of registers, and most are 
accessed only indirectly. Figure 21 shows the register 
access mechanism of the 82588. It has one I/O port and 
2 DMA channel ports. These are the windows into the 
82588 for the CPU and the DMA controller. An exter- 
nal CPU can write into the Command register and read 
from the Status registers using I/O instructions and 
asserting chip select and write or read lines. Although 
there is just one I/O port and 4 status registers, they 
can be read out in a round robin fashion through the 
same port as shown in Figure 22~Other registers like 
the Configuration, Individual Address registers can be 


accessed only through DMA. All the internal registers 
can be dumped into memory by DMA using the Dump 
command. The execution of some of the commands is 
described in section 4. See the 82588 Reference Manual 
for details on these commands. 


3.9 
Debug and Dlagnos~icAids 


Besides the standard functions that can be used directly 
for StarLAN, the 82588 offers many debug and diag- 
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4 Status registers are accessed through one read port 
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The pointercan be changed using a command or can be automaticallyincremented. 


READ_STATUS_588: 
PROCEDURE; 


OUTPUT 
(CS_588) = 15; 


STATUS_588 (0)=INPUT 
(CS_588); 


STATUS_588(1)=INPUT 
(CS_588); 


STATUS_588(2)=INPUT 
(CS_588); 


STATUS_588(3)=INPUT 
(CS_588); 


RETURN 


END READ_STATUS_588; 
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Figure 22. Reading 
the Status Register 


nostics functions. The DIAGNOSE 
command of the 
82588 does a self-test of most of the counters and timers 
in the 82588 serial unit. Using the DUMP command, 
all the internal registers of the 82588 can be dumped 
into the memory. The TOR command does Time Do- 
main Reflectometery on the network. The 82588 has 
two loopback modes of operation. In the internal loop- 
back mode, the TXD line is internally connected to the 
RXD one. No data appears outside the chip, and the 
82588 is isolated from the link. This mode enables 
checking of the receive and transmit machines without 
link interference. In the external loopback mode, the 
82588 becomes a full duplex device, being able to re- 
ceive its own transmitted 
frames. In this mode data 
goes through the link and all CSMAlCD 
mechanisms 
are involved. 


3.10 
Jitter Performance 


When the 82588 receives a frame from the HUB, the 
signal has jitter. Jitter is the shifting of the edges of the 
signal from their nominal position due to the transmis- 
sion over a length of cable. Many factors like, intersym- 
bol interference (pulses of different widths have differ- 
ent delays through the transmission media), rise and 
fall times of drivers and receivers, cross talk etc., con- 
tribute to the jitter. StarLAN specifies a maximum jit- 
ter of 
± 62.5 ns whenever the signal goes from a 
NODE/HUB 
or HUB/HUB. Figure 23 shows that the 
jitter tolerance of the 82588 is exactly the required 


± 62.5 ns at 1 Mbs for both 8X, 16X Manchester en- 
coded data. 
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Figure 23. 82588 Jltter Performance 


4.0 THE 82588 


This chapter 
describes the basic 82588 operations. 
Please refer to the 82.588reference manual in Inte! Mi- 
crocommunications 
Handbook for a detailed descrip- 


tion. Basic operations like transmitting a frame, receiv- 
ing a frame, configuring the 82588 and dumping the 
register contents are discussed here to give a feel for 
how the 82588 works. 
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4.1 Transmit and Retransmit 
Operations 


To transmit a frame, the CPU prepares a block in the 
memory called the transmit data block. As shown in 
Figure 24, this block starts with a byte count field, indi- 
cating how long the rest of the block is. The destination 
address field contains the node address of the destina- 
tion. The rest of the block contains the information or 
the data field of the frame. The CPU also programs the 
DMA controller with the start address of the transmit 
data block. The DMA byte count must be equal to or 
greater than the block length. The 82588 is then issued 
a TRANSMIT command-an 
OUT instruction to the 
command port of the 82588. The 82588 starts generat- 
ing DMA requests to read in the transmit data block by 
DMA. It also determines whether and how long it must 
defer on the link and after that, it starts transmitting 
the preamble. The 82588 constructs the frame on the 
fly. It takes the destination address from the memory, 
source address from its own individual address memory 
(previously programmed), data field from the memory 
and the CRC, is generated on chip, at the end of the 
frame. 


1. Prepare Transmit Data-Block 
in Memory 
2. Program DMA Controller 
3. Issue Transmit 
Command on the Desired 
Channel 
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Figure 24_ Transmit 
Operation 


At the conclusion of transmission the 82588 generates 
an interrupt to the CPU. The CPU can then read the 


status registers to find out if the transmission was suc- 
cessful. If a collision occurs during transmission, the 
82588 aborts transmission and generates the jam se- 
quence, as required by IEEE 802.3, and informs the 
CPU through interrupt and the status registers. It also 
starts the back-off algorithm. 


To re-attempt transmission, the CPU must reinitialize 
the DMA controller 7to the start of the transmit data 
block and issue a RETRANSMIT 
command to the 
82588. When the 82588 receives the retransmit com- 
mand and the back-off timer has expired, it transmits 
again. Interrupt and the status register contents again 
indicate the success or failure of the (re)transmit at- 
tempt. 


The main ditTerence between transmit and retransmit 
commands is that retransmit does not clear the internal 
count for the number of collisions occurred, whereas 
transmit does. Moreoever, retransmit takes etTectonly 
when the back-off timer has expired. 


4.2 Configuring 
the 82588 


To initialize the 82588 and program its network and 
system parameters, a configure operation is performed. 
It is very similar to the transmit operation. Instead of a 
transmit data block as in transmit command, a config- 
ure data block-shown 
in Figure l2-is 
prepared by 
the CPU in the memory. The first two bytes of the 
block specify the length of the rest of the block, which 
specify the network and system parameters 
for the 
82588. The DMA controller is then programmed by 
the CPU to the beginning of this block and a CONFIG- 
URE command is issued to the 82588. The 82588 reads 
in the parameters by DMA and loads the parameters in 
the on-chip registers. 


Similarly, for programming the INDIVIDUAL 
AD- 


DRESS and MULTICAST 
ADDRESSes, the DMA 
controller is used to load the 82588 registers. 


4.3 
Frame Reception 


Before enabling the 82588 for reception the CPU must 
make a butTer available for the frame to be received. 
The CPU must program the DMA controller with the 
starting address of the butTer and then issue the IUL... 
ENABLE command to the 82588. When a frame ar- 
rives at the RxD pin of the 82588, it starts being re- 
ceived. Only if the address in the destination address 
matches either the Individual address, Multicast ad- 
dress or if it is a broadcast address, is the frame deposit- 
ed into memory by the 82588 using DMA. The format 
of storage in the memory is shown in Figure 25. At the 
end, a two byte field is attached which shows the status 
of the received frame. If CRC, alignment or overrun 
errors are encountered, they are reported. An inter- 
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Prepare a Buffer for Reception 
RECEIVED 
FR•••••E 
1. 


2. Program DMA Controller 
DESTIN • 
3. Issue Receiver Enable Command 
•••DDRESS 


When a frame is received, it is deposited in the 
memory. Receive status bytes (2) are appended to 
SOURCE 
the frame in the memory, byte count written in the 
•••DDRESS 
status registers 1, 2, and an interrupt is generated. 
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Figure 25. Receive 
Operation 
(Single Buffer) 


rupt from 82588 occurs when all the bytes have been 
transferred to the memory. This informs the CPU that 
a new frame has been received. 


If the received frame has errors, the CPU must recover 
(or re-use) the buffer. Note that the entire frame is de- 
posited into one buffer. The 82588 when NOT config- 
ured for the extemalloopback 
mode, will detect colli- 
sions (code violations) during receptions. If a collision 
is detected, the reception is aborted and status updated. 
CPU is then informed by an interrupt (if the collided 
frame fragment is shorter than the address length, no 
reception will be started), and no interrupt will happen. 


4.3.1 Multiple 
Buffer 
Frame 
Reception 


It is also possible to receive a frame into a number of 
fixed size buffers. This is particularly economical if the 
received frames vary widely in size. If the single buffer 
scheme were used as described above, the buffer re- 
quired would have to be bigger than the longest expect- 
ed frame and would be very wasteful for very short 
(typically acknowledge or control) frames. The multi- 
ple buffer reception is illustrated in Figure 26. It uses 
two DMA channels for reception. 
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Figure 26. Multiple Buffer Reception 
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As in single buffer reception, the one channel, say chan- 
nel 0, of the DMA controller is programmed to the 
start of buffer I, and the 82588 is enabled for reception 
with the chaining bit set. As soon as the first byte is 
read out of the 82588 by the DMA controller and writ- 
ten into the first location of buffer I, the 82588 gener- 
ates an interrupt, saying that it is filling up its last avail- 
able buffer and one more buffer must be allocated. The 
filling up of the buffer I continues. The CPU responds 
to the interrupt by programming the other DMA chan- 
nel=-channel 
I-with 
the start address of the second 
buffer and issuing an ASSIGN ALTERNATE 
buffer 
command with an INTACK (interrupt acknowledge). 
This informs the 82588 that one more buffer is avail- 
able on the other channel. When buffer 1 is filled up 
(the 82588 knows the size of buffers from the configura- 
tion command), the 82588 starts generating the DMA 
requests on the other channel. This automatically starts 
filling up buffer 2. As soon as the first byte is written 
into buffer 2, the 82588 interrupts the CPU again ask- 
ing for one more buffer. The CPU programs the chan- 
nel 0 of the DMA controller with the start address of 
buffer 3, issues an ASSIGN ALTERNATE buffer com- 
mand with INTACK. This keeps the buffer 3 ready for 
the 82588. This switching of channels continues until 
the entire frame is received generating an end of frame 
interrupt. The CPU maintains the list of pointers to the 
buffers used. 


Since a new buffer is allocated at the time of filling up 
of the last buffer, the 82588 automatically switches to 
the new buffer to receive the next frame as soon as the 
last frame is completely received. It can start receiving 
the new frame almost immediately, even before the end 
of frame interrupt is serviced and acknowledged by the 
CPU. If a new frame comes in, and the previous frame 


interrupt 
is not yet acknowledged, another interrupt 
needed for new buffer allocation is buffered (and not 
lost). As soon as the first one is acknowledged, the in- 
terrupt line goes active again for the buffered one. 


If by the time a buffer fills up no new buffer is available, 
the 82588 keeps on receiving. An overrun will occur 
and will be reported in the received frame status. How- 
ever, ample time is available for the allocation of a new 
buffer. It is roughly equal to the time to fill up a buffer. 
For 128 byte buffers it is 128 X 8 = 1024 ms or ap- 
proximately I millisec. You get 1 ms to assign a new 
buffer after getting the interrupt for it. Hence the pro- 
cess of multiple buffer reception is not time critical for 
the system performance. 


This method of reception is particularly useful to guar- 
antee the reception of back-to-back frames separated by 
IFS time. This is because a new buffer is always avail- 
able for the new frame after the current frame is re- 
ceived. 


Although both the DMA channels get used up in re- 
ceiving, only one channel is kept ready for reception 
and the other one can be used for other commands until 
the reception starts. If an execution command like 
transmit or dump command is being executed on a 
channel which must be allocated for reception, the 
command gets automatically 
aborted when the AS- 
SIGN ALTERNATE 
BUFFER command is issued to 
the channel used for the execution command. The in- 
terrupt for command abortion occurs after the end of 
frame interrupt. 
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4.4 
Memory Dump of Registers 


All the 82588 internal registers can be dumped in the 
memory by the DUMP command. A DMA channel is 
used to transfer the register contents to the memory. It 
is very similar to reception of a frame; instead of data 
from the serial link, the data from the registers gets 
written into the memory. This provides a software de- 
bugging and diagnostic tool. 


4.5 Other Operations 


Other 
82588 operations 
like 
DIAGNOSE, 
TDR, 


ABORT, etc. do not require any parameter or data 
transfer. They are executed by writing a command to 


the 82588 command register and knowing the results (if 
any) through the status registers. 


5.0 StarLAN 
NODE FOR IBM PC 


This chapter deals with the hardware-the 
StarLAN 
board-to 
interface the IBM PC to a StarLAN Net- 
work. This is a slave board which takes up one slot on 
the I/O channel of the IBM PC. Figure 27 shows an 
abstract block diagram of the board. It requires the 
IBM PC resources of the CPU, memory, DMA and 
interrupt controller on the system board to run it. Such 
a board has two interfaces. The IBM PC I/O Channel 
on the system or the parallel side and the telephone 
grade twisted pair wire on the serial side. Figures 28, 29 
show the circuit diagram of the board. 


8 BIT BUS 


RxD 


82588 


SYSTEM 
BUS 


SYS CLK 


PULSE 
TRANSFORMER 


PULSE 
~:;""_-I 
SHAPING 


SQUELCH 
+ 
ENABLE 
CIRCUITS 


Figure 27. 82588 Based StarLAN 
Node 
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5.1 
Interfacing 
to the IBM PC 1/0 
Channel 


IBM 
PC has 8 slots on the system board to allow ex- 
pansion of the basic system. All of them are electrically 
identical and the I/O 
channel is the bus that links them 
all to the 8088 system bus. The I/O 
channel contains 
an 8 bit bidirectional 
data bus, 20 address lines, 6 levels 
of interrupt, 
3 channels ofDMA 
control lines and other 
control 
lines to do I/O 
and memory read/write 
opera- 
tions. Figure 30 shows the signals and the pin assign- 
ment for the I/O 
Channel. 
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Figure 30. 110 Channel 
Diagram 


5.1.1 REGISTER 
ACCESS 
AND DATA 
BUS 
INTERFACE 


The CPU accessesthe StarLAN 
adapter card through 2 
I/O 
address windows. Address 300H is used to access 


to 82588 for commands and status, address 30lH 
ac- 


cessesan on board control port that enables the various 
interrupt 
and DMA 
lines. Even though 
only two ad- 
dresses are needed, the card uses all the 16 addresses 
spaces from 300H to 30FH. This was done to keep sim- 
plicity 
and minimum 
component 
count. Registers ad- 
dress decoding is done using a PAL 
(l6L8) 
and an ex- 
ternal NAND 
gate (U8). 


Hex Range 


OOO-OOF 
020-021 
040-043 
060-063 
080-083 
OAX' 
OCX 
OEX 
200-20F 
210-217 
220-24F 
278-27F 
2FO-2F7 
2F8-2FF 


300-31F 
320-32F 
378-37F 
380-38C" 
380-389" 


3AO-3A9 


3BO-3BF 
3CO-3CF 
3DO-3DF 
3EO-3E7 
3FO-3F7 
3F8-3FF 


Usage 


DMA Chip 8237 A-5 
Interrupt 8259A 
Timer 8253-5 
PP18255A-5 
DMA Page Registers 
NMI Mask Register 
Reserved 
Reserved 
Game Control 
Expansion 
Unit 
Reserved 
Reserved 
Reserved 
Asynchronous 
Communications 
(Secondary) 
Prototype 
Card 
Fixed Disk 
Printer 
SDLC Communications 
Binary Synchronous 
Communications 
(Secondary) 
Binary Synchronous 
Communications 
(Primary) 
IBM Monochrome 
Display/Printer 
Reserved 
Color / Graphics 
Reserved 
Diskette 
Asynchronous 
Communications 
(Primary) 


• At power-on 
time, the Non Mask Interrupt 
into the 
8088 is masked off. 
This mask bit can be set and reset through 
system software 
as follows: 
Set mask: Write hex 80 to I/O Address 
hex AO 
(enable NMI) 
Clear mask: Write hex 00 to I/O Address 
hex AO 
(disable NMI) 
•• SDLC Communications 
and Secondary 
Binary 
Synchronous 
Communications 
cannot 
be used 
together 
because 
their hex addresses 
overlap. 
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Figure 31.1/0 Address 
Map 
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A4-A9 


AEN 


LOGIC 
U2, U8 


Register 
Access 


CS_ (to 588) 


LDPRL 
(to 
DWA, INTERRUPT 
enoble 
line.) 


Format 
of Following 
Equations 
Will Be According 
To 


The Following 
Specifications: 
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INVERT 


SIGNAL ACTIVE 
LOW 


&: 
LOGIC AND 


11 
LOGIC 
OR 


A9NANDA8 
= 
! (A9 &: A8) 


CS_ =! 
!AEN &: 
!A9NANDA8 
&: 
!A7 &: 
!A6 &: 
!A5 &: 
!A4 &: 
!AO 


LDPORT_ 
= 
! ( !AEN &: 
!A9NANDA8 
&: 
!A7 &: 
!A6 &: 
!A5 &: 
!A4 &: AO 
&: 
!IOWR_ 


BUSEN_ 
= DACK1_ 
&: DACK2_ 
&: (! ( !AEN &: 
!A9NANDA8 
&: 
!A7 &: 
!A6 &: 
!A5 &: 
!A4)); 


The signal CS_ decodes address 300H, it is only active 
when AEN is inactive meaning CPU and not DMA 
cycles. LDPORT_ 
has exactly the same logic for ad- 
dress 30lH, but it is only active during I/O write cy- 
cles. The I/O port sitting on address 30lH is write 
only. The data BUS lines DOto D7 are buffered from 
the 82588 to the PC bus using an 74LS245transceiver 
chip. 


TO 588 


231422-57 


Data Bus Interface 


The Bus transceiver is enabled if: A DMA access is 
taking place, or I/O ports 300H to 30FH are being 
accessed. 


5.1.2 Control 
Port 


As mentioned the StarLAN adapter port has a 4-bit 
write only control port. The purpose of this port is to 
selectivelyenable the DMA and INTERRUPT request 
lines. Also it can completely disable the transmitter. 


Contrc)1 Port Definition 
I-E-N-O-RO-1 
-'~R03 
] 
ENINTERI TXEN 


ENDRQI, ENDRQ2 
ENINTER 


TXEN 


On power up all bits default to "0". 
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: "I" Enable DMA requests. 
: "I" Enable INTERRUPT 
request. 


: "I" Enable the transmitter. 


inter 


5.1.3 CLOCK 
GENERATION 


AP-236 


The 82588 requires two clocks for operation. The sys- 
tem clock and the serial clock. The serial clock can be 
generated on chip by putting a crystal across Xl and 
X2 pins. Alternatively, an externally generated clock 
can be fed in at pin Xl (with X2 left open). In both 
cases, the frequency must be either 8 or 16 times (sam- 
pling factor) the desired bit rate. For StarLAN, 8 or 16 
MHz are the correct values to generate 1 Mb/s data 
rate. A configuration parameter 
is used to tell the 
82588 what the sampling factor is. An externally sup- 
plied clock must have MOS leve~s(~.6V-3.9V). ~pec~- 
cations for the crystal and the circuit are shown In Fig- 
ure 32. 


The system clock has to be supplied externally. It can 
be up to 8 MHz. This clock runs the parallel side of the 
82588. Its frequency does not have any impact on ~he 
read and write access times but on the rate at which 
data can be transferred to and from the 82588 (Maxi- 
mum DMA data rate is one byte every two system 
clocks). This clock doesn't require MOS levels. 


The I/O channel of the IBM PC supplies a 4.77 MHz 
signal of 33% duty cycle. This signal could be used as a 
system clock. It was decided, however, to generate a 
separate clock on the StarLAN board to be indepen- 
dent of the I/O channel clock so that this board can 
also be used in other IBM PCs and also in some other 
compatibles. The 8 MHz system clock is generated us- 


ing a DIP OSCILLATOR which have the required 50 
ppm tolerance to meet StarLAN. This clock is convert- 
ed to MOS levels by 74Hcroo 
and fed into both the 
system and serial clock inputs. 


5.1.4 DMA INTERFACE 


The 82588 requires either one or two DMA channels 
for full operation. In this application, one channel is 
dedicated for reception and the other is used for trans- 
missions and the other commands. Use of only one 
DMA channel is possible but may require more com- 
plex software, also some RX frames may be l.ostduring 
switches of the DMA channel from the receiver to the 
transmitter (Those frames will be recovered by higher 
layers of the protocol). Also using only one DMA 
channel will limit the 82588 loopback functionality. So 
the recommendation is to operate with two DMA chan- 
nels if available. Appendix C describes a method of op- 
erating with only one DMA channel without loosing 
RX frames. 


The IBM PC system board has one 8237A DMA con- 
troller. Channel 0 is used for doing the refresh of 
DRAMs. Channels 1, 2 and 3 are available for add-on 
boards on the I/O Channel. The floppy disk controller 
board uses the DMA channel 2 leaving exactly two 
channels (1 and 3) for the 82588. The situation is worse 
if the IBM PCIXT is used, since it uses channel 3 for 
the Winchester hard disk leaving just the channel 1 for 


-Frequency 
Will Drift by About 400 PPM from Nominal 
-No 
Capacitors Needed 
-Doesn't 
Meet StarLAN Requirements 


Series Resonance 


Meeting StarLAN 100 PPM Requirements 


CRYSTALD 
82588 


I 
C2 
-Use 
Parallel Resonance Crystal 
-Recommended 
For Precise Frequencies 
-82588 
X-TAL Oscillator Stability ± 35 PPM (0-70"C) 


231422-81 


Crystal: Load Capacitance 
= 20 pF 
Shunt Capacitance = 7 pF Maximum 
Series Resistance = 300 Maximum 
Frequency Tolerance ~ 50 PPM (0- 70"C) 


Cl, C2 -+ 27 pF or 39 pF, 5% 


Figure 32. Crystal Specifications 
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5.1.5 INTERRUPT 
CONTI~OLLER 
the 82588. On the other hand, the IBM PC/AT has 5 
free DMA channels. We will assume that 8237A DMA 
channels 1 and 3 are available for the 82588 as in the 
case of the IBM PC. 


Since the channel 0 of 8237A is used to do refresh of 
DRAMs all the channels should be operated in single 
byte transfer mode. In this mode, after every transfer 
for any channel the bus is granted to the current high- 
est priority channel. In this way, no channel can hog 
the bus bandwidth and, more important, the refresh of 
DRAMs is assured every 15 microseconds since the re- 
fresh channel (number 0) has the highest priority. This 
mode of operation is very slow since the HOLD is 
dropped by the 8237A and then asserted again after 
every transfer. Demand mode of operation is a lot more 
suitable to 82588 but it cannot be used because of the 
refresh requirements. 


Whenever the 82588 interfaces to the 8237A in the sin- 
gle transfer mode, there is a potential 8237A lock-up 
problem. The 82588 may deactivate its DMA request 
line (DREQ) before receiving an acknowledge from the 
DMA controller. This situation may happen during 
command abortions, or aborted receptions. The 8237A 
under those circumstances may lock-up. In order to 
solve this potential problem, an external logic must be 
used to insure that DREQ to the DMA controller is 
never deactivated before the acknowledge is received. 
Figure 33 shows the logic to implement this function. 
This logic is implemented in the 16L8 PAL. 


The 82588 DREQ lines are connected to the IBM/PC 
bus through tri-state buffers which are enabled by writ- 
ing to I/O port 301H. This function enables the use of 
either one or two DMA channels and also the sharing 
of DMA channels with other adapter boards. 


The 82588 interrupts the CPU after the execution of a 
command or on reception of a frame. It uses the 8259A 
interrupt controller on the system board to interrupt 
the CPU. There are 6 interrupt request lines, IRQ2 to 
IRQ7, on the I/O channel. Figure 34 shows the assign- 
ment of the lines. In fact, none of the lines are com- 
pletely free for use. To add any new peripheral which 
uses a system board interrupt, this interrupt needs to 
have the capability to share the specific line, by driving 
the line with a tri-state driver. The 82588 StarLAN 
adapter 
board 
can optionally 
drive interrupt 
lines 
IRQ3, IRQ4 or IRQ5 (An 74LS125 driver is used).. 


Number 
Usage 


NMI 
Parity 
0 
Timer 
, 
1 
Keyboard 
2 
Reserved 
3 
Asynchronous 
Communications 
(Secorndary) 
SDLC Communications 
BSC (Secondary) 
4 
Asynchronous 
Communications 
(Primalry) 
SDLC Communications 
BSC (Primary) 
5 
Fixed Di:sk 
6 
Diskette 
7 
Printer 


Figure 34. IBM PC Hardware 
Interrupt 
listing 
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~"Q~ 
DREO 


DACK 


RESET 


588 
REO 


Figure 33. DMA Request 
Logic 
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5.2 Serial Link Interface 
5.2.1 TRANSMIT 
PATH 


A typical StarLAN adapter board is connected to the 
twisted pair wiring using an extension cable (typically 
up to 8 meters-25 
ft.). See Figure 35. One end of the 
cable plugs into the telephone modular jack on the Star- 
LAN board and the other end into a modular jack in 
the wall. The twisted pair wiring starts at the modular 
jack in the wall and goes to the wiring closet. In the 
wiring closet, another telephone extension cable is used 
to connect to a StarLAN HUB. The transmitted signal 
from the 82588 reach the on-board telephone jack 
through a RS-422 driver with pulse shaping and a pulse 
transformer. The received signals from the telephone 
jack to the 82588 come through a pulse transformer, 
squelch circuit and a receive enable circuit. 


INTO 18••• PC 


WIRING 
PANEL 


IN THE WIRING CLOSET 
231422-33 


Figure 35. Path from StarLAN 
Board to HUB 


The single ended transmit signal on the TxD pin is 
converted to a differential signal and the rise and fall 
times are increased to 150 to 200 ns before feeding it to 
the pulse transformer (this pulse shaping is not a re- 
quirement, but proves to give good results). Am26LS30 
is a RS-422 driver which converts the TxD signal to a 
differential signal. It also has slew rate control pins to 
increase to rise and fall times. A large rise and fall time 
reduces the possibility of crosstalk, interference and ra- 
diation. By the other hand a slower edge rate increases 
the jitter. In the StarLAN adapter card, the first ap- 
proach was used. The 26LS30 converts a square pulse 
to a trapezoidal one-see 
Figure 36. The filtering effect 
of the cable further adds to reduce the higher frequency 
components from the waveform so that on the cable the 
signal is almost sinusoidal. The pulse transformer is for 
DC isolation. The pulse transformers from Pulse Engi- 
neering-type 
PE 64382-was 
used in this design. This 
is a dual transformer package which introduces an ad- 
ditional rise and fall time of about 70-100 ns on the 
signal, helping the former discussed waveshaping. 


5.2.2 IDLE PATTERN 
GENERATION 


StarLAN requires transmitters 
to generate an IDLE 
pattern after the last transmitted data bit. The IDLE 
pattern is defined to be a constant high level for 2-3 
microseconds. The purpose of this pattern is to insure 
that receivers will decode properly the last transmitted 
data bits before signal decay. Currently the 82588 needs 
one external component to generate the IDLE. The op- 
eration principle is to have an external shift register 
(74LSI64) that will kind of act as an envelope detector 
of the TXD line. Whenever the TXD line goes low 


82588 
~T;.;;x_D 
•••••__ 
.:.:;=:.;.a 


150n. 
RISE/FALL 
TI•••ES 
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Figure 36. Wave Shaping 
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(first 
preamble 
bit), 
the 
output 
of the 
shift 
register 
(third 
cell) will immediately 
go low, enabling 
the RS- 
422 driver, 
the shift register 
being clocked 
by TCLK- 
will time 
the duration 
of the TXD 
high 
times. 
If the 
high time is more 
than 
2 microseconds, 
meaning 
that 
the 82588 has gone idle, the transmitter 
will be disabled 
(See Figure 
37). Another 
piece of this logic is the OR- 
ing of the output 
of the shift register 
with TXEN-sig- 
nal which 
comes from the board 
control 
port. This sig- 
nal completely 
disables 
the transmitter. 
The other 
pur- 
pose of this 
enable 
signal, 
is to make 
sure 
that 
after 
power-up, 
before 
the 82588 is configured, 
the RS-422 
drivers 
won't 
be enabled 
(TCLK_ 
is not active before 
the 
configure 
command). 
See Figures 
28, 29 for the 
complete 
circuit. 


5.3 RECEIVE 
PATH 


The signal coming 
from the HUB over the twisted 
pair 
wire is received 
on the StarLAN 
board 
through 
a lOOn 
line termination 
resistor 
and a pulse 
transformer. 
The 
pulse transformer 
is of the same type as for the transmit 
side and its function 
is de isolation. 
The received 
signal 
which 
is differential 
and almost 
sinusoidal 
is fed to the 
Am26LS32 
RS-422 
receiver. 
As seen from 
Figure 
38 
the pulse transformer 
feeds two RS-422 
receivers. 
The 
one on the bottom 
is for squelch 
filtering 
and the one 
above is the real receiver 
which does real zero crossing 
detection 
on the signal and regenerates 
a square 
digital 
waveform 
from 
the 
sinusoidal 
signal 
that 


is received. 
Proper 
zero crossing 
detection 
is very essen- 
tial; if the edges of the regenerated 
signal are not at zero 
crossings, 
the 
resulting 
signal 
may 
not 
be 
a proper 
Manchester 
encoded 
signal (self introduced 
jitter) 
even 
if the original 
signal is valid Manchester. 
The resistors 
in the 
lower 
receiver 
keep 
its differential 
inputs 
at a 
voltage 
difference 
of 600 mY. These 
bias resistors 
en- 
sure that the output 
remains 
high as long as the input 
signal is more than 
-600 
mY. It is very important 
that 
the 
RxD 
pin remains 
HIGH 
(not 
LOW 
or floating) 
whenever 
the receive line is idle. A violation 
of this may 
cause the 82588 to lock-up 
on transmitting. 
Remember, 
that 
based 
on the 
signal 
on the 
RxD 
pin, 
the 
82588 
extracts 
information 
on the data· being received, 
Carrier 
Sense and 
Collision 
Detect. 
This 
squelch 
of 600 mY 
keeps the idle line noise from getting 
to the 82588. Fig- 
ure 
39 shows 
that 
when 
the 
differential 
input 
of the 
receiver 
crosses 
zero, a transition 
occurs 
at the output. 
It also shows that 
if the signal 
strength 
is higher 
than 
-600 
mY, the output 
does not change. 
(This 
kind 
of 
squelching 
is called 
negative 
squelching, 
and it is done 
due to the fact that 
the preamble 
pattern 
starts 
with a 
going low transition). 
Note that the differential 
voltage 
at the upper 
receiver 
input is zero when the line is idle. 
The 
output 
of the 
squelch 
goes 
to a pulse 
stretcher 
which generates 
an envelope 
of the received 
frame. 
The 
envelope 
is \l receive enable 
signal and is used to AND 
the signal 
from 
the 
real zero 
crossing 
receiver 
before 
feeding 
it to the RxD 
pin of the 82588. 
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Figure 37. Idle Generation 
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Figure 38. Input Ports 
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Figure 39. Squelch 
Circuit Output 
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5.4 80188 Interface 
to 82588 
5.5 iSBX Interface 
to StarLAN 


Although the 82588 interfaces easily to almost any 
processor, no processor otTers as much of the needed 
functionality as the 80186 or its 8 bit cousin, the 80188. 
The 80188 is 8088 object code compatible processor 
with DMA, timers, interrupt controller, chip select log- 
ic, wait state generator, ready logic and clock generator 
functions on chip. Figure 40 shows how the 82588, in a 
StarLAN environment interfaces to the 80188. It uses 
the clock, chip select logic, DMA channels, interrupt 
controller directly from the 80188. The interface com- 
ponents between the CPU and the 82588 are totally 
eliminated. 


Figure 41 shows how to interface the 82588 in a Star- 
LAN environment to the iSBX bus. It uses 2 DMA 
channels-tapping 
the second DMA channel from a 
neighboring iSBX connector. Such a board can be used 
to make a StarLAN to an Ethemet or a SNA or DEC- 
NET gateway when it is placed on an appropriate SBC 
board. It may also be used to give a StarLAN access to 
any SBC board (with an iSBX connector) independent 
of the type of processor on the board. 
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6.1 
A StarLAN Hub for the IBM/PC 
6.0 THE StarLAN 
HUB 


The function of a StarLAN HUB is described in section 
2.0. Figure 42 shows a block diagram of a HUB. It 
receives signals from the nodes (or lower level HUBs) 
detects if there is a collision, generates the collision 
presence signal, re-times the signal and sends it out to 
the higher level HUB. It also receives signals from the 
higher level HUB, re-times it and sends it to all the 
nodes and lower level HUBs connected to it. If there is 
no higher level HUB, a switch on the HUB routes the 
upstream received signal down to all the lower nodes. 
The functions performed by a HUB are: 


'Receiving signals, squelch 
"Carrier Sensing 


"Collision Detection 
'Collision Presence Signal Generation 
'Signal Retiming 
'Driving signals on to the cable 
"Jabber Function 


'Receive protection Timer 


Figure 43 shows the implemention of a 5/6 port HUB 
for the IBM/PC. 


The idea of the following design is to show a HUB that 
plugs into the IBM/PC backplane. This HUB not only 
gets its power from the backplane, but also enables the 
host PC to be one NODE into the StarLAN network. 
This embedded node scheme enables further savings 
due to the fact that all the analog interface for this port 
is saved (receiver, transmitter, transformer, etc). 


This kind of board would suit very much a small clus- 
ter topology (very typical in departments and small of- 
fices) where the HUB board would be plugged into the 
FILE SERVER PC (pCIXT, PC/An. 


The HUB design doesn't implement the Jabber and the 
protection timers as called by the IBASE5 draft stan- 
dard. Those functions are optional and were not closed 
during the writing of this AP-NOTE. This HUB does 
implement the RETIMING 
circuit which is an essen- 
tial requirement of StarLAN. 


Figures 44 to 49 show a complete set of schematics for 
the HUB design. 
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Figure 42. StarLAN 
HUB 
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• Low Cost 
HUB, 
Uses 
IBM/PC 
Power 
Supply 
• 82588, 
Embedded 
Port Savings 
Transformers 
422 Drivers 
• Functional 
StarLAN 
Cluster, 
For Low Cost/Small 
Topologies 
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Figure 38 shows a block diagram of an input port. Dif- 
ferently than the implementation in Figure 29 the HUB 
input port is potentially more complex than the NODE 
input port. The reason being that the HUB is a central 
resource and much more sensitive to noise. For exam- 
ple, if the NODE input port would falsely interpret 
noise on an IDLE line as valid signal, the worst case 
situation would be that this noise would be filtered out 
by the 82588 time squelch circuitry, on the HUB by the 
other hand, this false carrier sense could trigger a COL- 
LISION and a good frame (on another input) potential- 
ly discarded. 


As shown in Figure 38 immediately after the termina- 
tion resistor, there is a HIGH FREQUENCY FILTER 
circuit. The purpose of this circuit is to eliminate high 
frequency noise components keeping noise jitter into 
the allocated budget (about ± 30 ns). A 4 MHz two 
pole butterworth 
filter is being recommended by the 
IEEE 802.3 IBASE5 task force (see Figure 50). 


The time squelch for the NODE board is implemented 
by the 82588 (see section 3.7) this circuit makes sure 
that pulses that are shorter than a specified duration 
will be filtered out. 


The other components of the block diagram were ex- 
plained in section 3.0. 


The HUB design doesn't implement the HIGH FRE- 
QUENCY 
FILTER 
and TIME 
SQUELCH. 
In the 
HUB design as an output of each input port, two sig- 
nals are available: Rn, En, (RA, RB ... 
, EA, EB ... ). 


The Rn signals are the receive data after the zero cross- 
ing receivers. The En lines are CARRIER SENSE sig- 
nals. The HUB design supports either 5 or 6 input 
ports, dependent upon if it is configured as IHUB or 
HHUB. Port RE, EE (Figure 49) is bidirectional, con- 
figurable for either input or output. Port RP, EF_ 
is 
the embedded 82588 port, and doesn't require the ana- 
log circuitry (EF is inverted, being generated from the 
RTS"':"signal). 


RXVE•••R__ 
•••• 
••••11f i 
110a XX ~I~TED 
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Figure 
50. Receiver 
High Frequency 
Filter 
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6.1.2 COLLISION 
DETECTION 


Rn and En signals from each channel are fed to a 16L8 
PAL, where the collision detection function is per- 
formed. 


COLLISION DETECTION: 


CDT = !(EA & !EB & !EC & !ED & !EE & EF_ 
# 
!EA&EB&!EC&!ED&!EE&EF_ 
# 
!EA&!EB& 
EC& rED & !EE & EF_ 
# 
!EA & !EB & !EC & ED & !EE & EF_ 
# 
!EA & !EB & !EC & !ED & EE & EF_ 
# 
!EA&!EB&!EC&!ED&!EE&!EF_ 
# 
!EA& !EB & !EC& !ED & !EE& EF_); 


COLLISION DETECTION SR-FF: 
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Collision Detection in the StarLAN HUB is performed 
by detecting the presence of activity on more than one 
input channels. This means if the signal En is active for 
more than one channel, a collision is said to occur. This 
translates to the PAL equations: 


COLLEN_ 
= !(CDT # COLLEN); 


COLLEN_ 
= ! ( RESET_ 
# COLLEN_ 
# 
( !CDT & !EA & !EB & !EC & !ED & !EE & EF_); 


RECEIVE DATA OUTPUT: 


RCVDAT = ( 
(RA 
# !EA) & (RB 
# !EB) & (RC 
# !EC) & 


(RD 
# !ED)&(RE 
# !EE)&(RF 
# EF_)); 
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(only EA active) 
(only EB active) 
(only EC active) 
(only ED active) 
(only EE active) 
(only EF active) 


(none of the inputs active) 


(set with collision) 


( reset when all inputs inactive) 


( output is high if no active input) 
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The COLLEN signal once triggered will stay active un- 
til all inputs go quiet. This signal is used externally to 
either enable passing RCVDAT or the collision pres- 
ence signal (CPS) to the retiming logic. An external 
multiplexer using 3 nand gates is used for this function. 
Note (that in this specific implementation 
the CPS/ 
RCVDAT 
multiplexer is before the retiming logic, 
which is different from Figure 42 diagram. StarLAN 
provides enough BIT-BUDGET delay to allow the CPS 
signal to be generated through the retiming FIFa. 
In 
this HUB implementation it was decided to use this 
option to make sure that the CPS startup is synchroniz- 
ed with the previously transmitted bit as required by 
the !BASE5 draft. 


6.1.3 THE LOCAL 
82588 


As described before, the purpose of the local 82588 is to 
enable the Host IBM/PC 
to also be a node into the 
StarLAN network. The interface of this 82588 is exact- 
ly similar to the one explained in section 5. The RTS_ 
signal serves as the carrier EF_ 
signal, and TXD as 
RF signal. This local node interfaces to the HUB with- 
out any analog interface which is a significant saving. 


6.1.4 THE COLLISION 
PRESENCE 
SIGNAL 


The Collision Presence Signal (CPS) is generated by the 
HUB whenever the HUB detects a collision. It then 
propagates the CPS to the higher level HUB. The CPS 
signal pattern is shown in Figure 51. Whenever a Star- 
LAN 
node receives this signal, it should be able 
to detect within a very few bit times that a collision 
. occurred. Since the nodes detect the occurrence of a 
collision by detecting violations in Manchester encod- 
ing, the CPS must obviously be a signal which violates 


Manchester encoding. Section 3.5 shows that the CPS 
has missing mid-cell transitions occurring every two 
and a half bit cells. These are detected as Manchester 
code violations. Thus, the StarLAN node is presented 
with collision detection indications every two and a half 
ms. This results in fast and reliable detection of colli- 
sions, CPS has a period of 5 ms. 


One may wonder why such a strange looking signal was 
selected for CPS. The rationale is that this CPS looks 
very much like a valid Manchester signal--edges 
are 
0.5 or 1.0 microsec. apart-resulting 
in identical radia- 
tion, cross-talk and jitter characteristics as a true Man- 
chester. This also makes the re-timing logic for the sig- 
nals 'simpler-it 
need not distinguish between valid 
Manchester and CPS. Moreover, this signal is easy to 
generate. 


A few important requirements for CPS signal are: a) it 
should be generated starting synchronized with the last 
transmitted bit cell. CPS is allowed to start either low 
or high, but no bit cell of more than 1 microsecond is 
allowed (Avoid false idles, very long "low" bits). b) 
once it starts, it should continue until all the input lines 
to the HUB die out. Typically, when the collision oc- 
curs, the multiplexor in the HUB switches from RCV 
signal to the CPS. This switch is completely asynchro- 
nous to the currently being transmitted data, and by 
such may violate the requirement of not having bit cells 
longer than 1 fJ-s.In order to avoid those long pulses, 
the output of the CPS/RCVDAT 
multiplexer is passed 
through the retiming circuitry which will correct those 
long pulses to their nominal value. The reason for re- 
striction b) is to ensure that the CPS is seen by all uodes 
on the network since it is generated until every node 
has finished generating the Jam pattern. 


I 2t It I 2t I 2t Itit 
= 0.5 ~s 
!--5~s 
PERIOD---I 


• MISSING MID-CELL TRANSITION 
231422-42 


• Collision Presence Signal (CPS) is generated by the HUB when it detects more than one input line active. 
• Cl'S violates Manchester encoding rules-due 
to missing mid-cell transitions-hence 
is detected as a colli- 
sion by the DTE (82588). 


Choice of Collision Presence Signal 


• It is,a Manchester look-alike signal--edges are 0.5 or 1.0 fJ-sapart. 
- 
Identical radiation, crosstalk and jitter characteristics 
- 
Eases retiming of the signal in the HUB· 
• It is easy to generate--1.5 TTL pack, or in a PAL 


Figure 51. Collision 
Presence 
Signal 
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CPS is generated 
using a 4-bit shift register 
and a flip- 


flop as shown in Figure 
52. It works off a 2 MH:i clock. 
A closer 
look 
at the 
CPS 
waveform 
shows 
that 
it is 
inverse symmetric 
within 
the 5 p.s period. 
The circuit 
is 
a 5-bit 
shift 
register 
with 
a complementary 
feedback 
from the last to the first bit. The bits remain 
in defined 
states (01100) 
till collision 
occurs. 
On collision 
the bits 
start 
rotating 
around 
generating 
the 
pattern 
of 
0011011001, 
0011011001, 
00110 
... 
with 
each 
state 
lasting 
for 0.5 us. 
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Figure 52. Collision 
Presence 
Signal Generation 


6.1.5 SIGNAL 
RETIMING 


Whenever 
the signal 
goes over a cable it suffers jitter, 


This means 
that 
the edges are no longer 
separated 
by 
the same 0.5 or 1.0 p.s as at the point 
of origin. 
There 
are various 
causes of jitter, 
Drivers, 
receivers 
introduce 
some shifting 
of edges because 
of differing 
rise and fall 
times 
and thresholds. 
A random 
sequence 
of bits also 
produces 
a jitter 
which 
is called 
intersymbol 
interfer- 
ence, which 
is a consequence 
of different 
propagation 
delays 
for different 
frequency 
harmonics 
in the cable. 
Meaning 
short 
pulses 
have 
a longer 
delay 
than 
long 
ones. A maximum 
of 62.5 ns of jitter 
can accumulate 
in 
a StarLAN 
network 
from a node to a HUB 
or from a 
HUB to another 
HUB. The following 
values show what 
are the jitter 
components: 
. 


Transmitter 
skew 
Cable Intersymbol 
interference 
Cable Reflections 
Reflections 
due to receiver 
termination 
mismatch 
HUB fan-in, fan-out 
Noise 


Total 


±10 
ns 
±9 ns 
±8 
ns 


±5 ns 
±5 ns 
±25.5 


±62.5 ns 


It is important fOTthe signal to be cleaned up of this 
jitter 
before 
it is sent on the next 
stretch 
of cable be- 
cause 
if-too 
much jitter 
accumulates, 
the signal 
is no 
longer meaningful. 
A valid Manchester 
signal would, as 


a result of jitter, 
may no longer 
be decodable. 
The pro- 


cess of either re-aligning 
the edges or reconstructing 
the 
signal 
or even re-generating 
the signal 
so that 
it once 
again 
"looks 
new" 
is called 
re-timing, 
StarLAN 
re- 
quires for the signal to be re-timed 
after it has travelled 
on a segment 
of cable. In a typical 
HUB 
two re-timing 
circuits 
are 
necessary; 
one 
for 
the 
signals 
going 
up- 
stream 
towards 
the higher 
level HUB 
and the other for 
signals going downstream 
towards 
the nodes, 


6.1.6 RETIMlNG 
CIRCUIT, 
THEORY 
OF 
OPERATION 


This 
section 
will discuss 
the principles 
of designing 
a 
re-timing 
circuit, 
Figure 
53 shows the block diagram 
of 
a re-timing 
circuit. 
The data coming 
in is synchronized 
using an 8 MHz sampling 
clock. Edges in the waveform 
are detected 
doing an XOR of two consecutive 
samples, 
A counter 
counts 
the number 
of 8 MHz clocks between 
two 
edges, 
This 
gives an indication 
of long 
(6 to 
10 
clocks) 
or short 
(3 to 5 clocks) 
pulses 
in the received 
waveform, 
Pulses shorter 
than 
3 clocks are filtered 
out. 


Every 
time 
an 
edge 
occurs, 
the 
length--(S)hort 
or 
(L)ong-of 
the pulse is fed into the FIFO. 
Retiming 
of 
the 
waveform 
is done 
by actually 
generating 
a new 
waveform 
based on the information 
being pumped 
into 
the FIFO, 
The signal regeneration 
unit reads the FIFO 
and generates 
the output 
waveform 
out of 8 MHz clock 
pulses based on what it reads, 
either 
short 
or longs, 
In 
summary 
every time a bit is read from the fifo, it indi- 
cates that a transition 
needs to occur, and when to fetch 
the next bit. When 
idle the output 
of the retiming 
logic 
starts 
with a "high" 
level, 


FIFO 
empty 
S 
S 
L 
L 


Output 
.... 
" 1111 
0000 
1111 
00000000 
11111111 


It can be seen that the output 
always has edges separat- 
ed by 4 or 8 clock pulses--D.5 
or 1.0 p.s, 


The FIFO 
is primarily 
needed 
to account 
for a differ- 
ence of clock frequencies 
at the source and regeneration 
end, Due to this difference, 
data can come in faster 
or 
slower than the regeneration 
circuit 
expects. 
A 16 deep 
FIFO 
can 
handle 
frequency 
deviations 
of up to 200 
ppm for frame lengths 
up to 1600 bytes, The FIFO 
also 
overcomes 
short 
term 
variations 
in edge separation, 
It 
is essential 
that the FIFO 
fills in up to about half before 
the process 
of regeneration 
is started, 
Thus, 
if the re- 
generation 
is done 
at a clock 
slightly 
faster 
than 
the 
source 
clock, there is always data in the FIFO 
to work 
from, 
That 
is why the FIFO 
threshold 
detect 
logic is 
necessary, 
which 
counts 
8 edges and then 
enables 
the 
signal regeneration 
logic, 
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Example: 


Input Waveform 


Input into 
the FIFa 


Regenerated Output: 
Output: 
... 
1 11110000111100000000111111110000111 
... 


FIFa: 
I 
I 
I 
I 
I 
I 
<5> <5> <L> 
<L> 
<5> <5> 


... 
1 1110001111000000011111111110001111100 
... 
I 
I 
I 
I 
I 
I 
<5> <S> 
<L> 
<LxS> 
<5> 


INPUT 
DATA ~ 
SYNCHRONIZER 
EDGE 
-, 
PULSE WIDTH 
DETECTOR 
DISCRlloAlNATOR 
1- 


81oAHztLOCK 


j, 


INCREIoAENTEDGE 
LOAD! 
SHORT/LONG 
COUNTER 
I 
FIFO 
INFO 


FIFO 
THRESHOLD 
FIFO 
FO ACCOIoAIoAODATESFOR FREQ• 
DETECT 
l- 


IFTS (SPEC 
100 PPIoA) 


X DRIFT: 
500 
BYTES x 8) x 200 PPIoA= 2.43 
BT 
FIFO OUTPUT 


ENABLE SIGNAL 
REGENERATION 
SIGNAL 
f-+ 
REGENERATION 


• 
FI 
OR 


• 
IoAA 
(1 


OUTPUT 
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6.1.7 RETIMING 
CIRCUIT 
IMPLEMENTATION 


Figure 53. Retlmlng 
Block Diagram 


The retiming circuit implementation can be seen in Fig- 
ures 47, 48. Both figures implement exactly the same 
function, one for the upstream, and the other for the 
downstream. The retiming circuit was implemented us- 
ing about 8 SSI, MSI TIL 
components, one fifo chip 
and one PAL. The purpose of implementing this func- 
tion with discrete components was to show the imple- 
mentation details. The discussion of the implementa- 
tion will refer to Figure 47 for unit numbers. 


The signal UPIMP 
which is an output of the HUB 
multiplexing logic, is asynchronous to the local clock. 
This signal is synchronized by two flip-flops and fed 
into an edge generation logic (basically an XOR gate 
that compares the present sample with the previous 
one). On every input transition a 125 ns pulse will be 


generated at the output of the edge detector (U28). This 
pulse will reset the 74LSI61 counter that is responsible 
for measuring pulse widths (in X8 clock increments). 
. The output of the pulse discriminator will reflect the 
previous pulse width every time a new edge is detected. 
The following events will take place on every detected 
edge: 
1. U26 which is the threshold detector will shift one 
"I" in. The outputs of U26 will be used by the con- 
trol PAL to start the reconstruction process. 
2. The output of U23 which specifies the last pulse 
width will be input into the control PAL for deter- 
mining if it was a long or short pulse. The result of 
this evaluation will be the LSIN signal which will be 
loaded into the fifo (U22). 


U22 is the retiming FIFO, it is 16x4 fifo, but only one 
bit is necessary to store the SHORT/LONG 
informa- 
tion. 
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CONTROL LOGIC PAL functions (U25): 
CNTTC: 


Signals definition: 


INPUTS: 
PDO..PD3: 


THRESH: 


CNTEN: 


CNTEND: 


OUTDAT: 


RESET_: 


OR: 


Outputs of the pulse descriminator, indi- 
cate the width of the last measured 
pulse. 
Output of the edge detector, pulse of 125 
ns width, indicates the occurrence of an 
edge in the input data. 
Output of the threshold logic, indicates 
at least one bit was already received. 
Output of the Threshold logic, indicates 
7 bits have'been loaded into the FIFO, 
and that signal reconstruction can begin. 
The same signal as before delayed by one 
clock. 


Output of the retiming logic, is feedback 
into the PAL to implement a clocked 
T-FF. 
Resets the retiming logic. 


OUTPUTS: 
LDFIFO_: 


LSIN: 
CNTPE_: 


ODAT: 


Terminal 
count 
of the reconstruction 
counter, indicating that reconstruction 
of a new bit will get started. 
Output of the FIFO indicating, that the 
FIFO is empty and that IDLE genera- 
tion can get started. 


Loads SHORT/LONG 
indications into 
the FIFO. 
Indicates SHORT/LONG 


Loads 
FIFO 
SHORT/LONG 
output 
into the reconstruction counter. 
Together with the external U21 flip-flop 
and 
OUTDAT 
implement 
a clocked 
T-FF. 


Loading the FIFO will be done every time there is an 
edge, we have passed the one bit filter threshold level, 
and the pulse width is longer than two 8X clocks. This 
one bit threshold level serves as a time domain filter 
discarding the first received preamble bit. 


LDFIFO_ = 
! ( PDl 
# PD2 # PD3 
) & !EDD_ & THRESH 


Wheneverthere is an edge, weare above the first 
recel ved bit threshold 
and the pulse width is longer than '1" the fifo 
is loaded. 


LSIN 
= 
! {PD3 # 
(PD2 & PDO) 
# 
{PD2 & PD1)) , 


Every pulse longer than 6 is considered 
to be a long pulse. 


CNTPE_ 
= 
! { (CNTEN & !CNTEND) # CNTTC 


The reconstruction 
counter ls loaded in two conditions: 


Whenever CNTENcomes act! ve , meaning 
the FIFO threshold 
of seven 
was exceeded. 
Wheneverthe terminal 
count of U2415 active 
meaning a newpulse is going to be reconstructed. 


ODAT 
= 
!RESEL 
# 
(!CNTPE_ 
& 
!OUTDAT) 
# 
( CNTPE_ & 
OUTDAT) 
# 
(!CNTPE_ 
& 
!OR) 


Minterm (A) and (B) implement a T-FF. whenever CNTPE.is 'low' 
ODATwill toggle. 
Theexternal 
U21is part of this 
flip-flop. 
Mi"term (C),insures 
the output of the flip-flop 
will go inactive 
'high' 
whenthe,FIFO is empty. RESET,causes the output to go 
'high' 
on initialization. 
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(A) 
(B) 
(C) 
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U24 as mentioned is the reconstruction counter. This 
counter is loaded by the control logic with either 8 or 
!2. it counts up and is reloaded on terminal courit. Es- 
sentially generating at the output nominal length longs 
and shorts. 


U22 is the retiming FIFO. and its function as men- 
tioned is to accommodate frequency skews between the 
incoming and outgoing signal. 


U27 is the IDLE generation logic. The purpose of this' 
logic is to detect when the FIFO is empty. meaning that 
no more data needs to be transmitted. On detection of 
this event this component will generate 2 ms of IDLE 
time. On the end of IDLE the whole retiming logic will 
be reset. 


6.1.8 DRIVER 
CIRCUITS 


The signal coming out of the RETIMING 
LOGIC is 
fed into 26LS30sand 
pulse transformers to drive the 
twisted pair lines (See section 5.0 for details). 


6.1.9 HEADER/lNTERMEDIATE 
HUB SWITCH 


As seen on Figure 43 this hub can be configured as 
either an intermediate hub. or a Header one. One of the 
phone jacks. more specifically JACK 
# 5 is either an 
input port or an output one. In order to implement this 
function. an 8 position DIP SWITCH (SW!) is used. 
The phone jacks are marked with UD. DD notation. 
meaning upstream data. and downstream data respec- 
tively. As specified in the StarLAN 
!BASE5 draft 
NODES transmit data on UD pair. and HUBS on the 
DD pair. Switch SW! has the function to invert UD. 
DD in PHONE JACK 
# 5 to enable it to be either 


input or output port. 


6.1.10 JABBER 
FUNCTION 


This design does not implement the jabber unit but it is 
described here for completeness. IEEE 802.3 does not 
mandate this feature. but it is "Strongly Recommend- 
ed". The jabber function in the HUB protects the net- 
work from abnormally long transmissions by any node. 


Two timers TI, T2 are used by the JABBER function. 
They may be implemented either as local timers (one 
for each HUB port) or as global timers shared by all 
ports. After detecting an input active. timers TI. T2 


will be started. and Tl will time out after 25 to 50 ms. 
T2 will time-out after 51 to 100 ms. During T2 time. 
after Tl 
expired. the HtJB will send the CP-PAT- 
TERN informing any jamming stations to quit their 
transmissions. If on T2 time-out there are still jamming 
ports. their input is going to be disabled. A disabled 
port. will be reenabled whenever its input becomes 
again active and the downward side is idle. 


The following is an explanation of the requirement that 
the downward side be idle to reenable an input port. 
Consider the case of Figure 54. The figure shows a two 1 
port HUB. Port A has two wires Au. Acifor the up and 
down paths. Port B has Bu. Bd respectively. Port C is 
the output port. ,that broadcasts to the other HUBs 
higher in the hierarchy. Consider the case as shown. 
where Bu and Bd'are shorted together. Suppose the case 
that port Au is active. Its signal will propagate up in the 
hierarchy through Cu and come down from Cd to Aci. 
and Bd. Due to the short between Bd and Bu the signal 
will start a loop. that will first cause a collision and jam 
the network forever. This kind of fault is taken care of 
by the jabber circuitry. Tl and T2 will expire. causing 
the jabber logic to disable Bu input. Upon this disabling 
Bu is going to go Idle and be a candidate for future 
enabling. Suppose now that Au is once again active. If 
the reenable condition would not require Cd to be 
IDLE. Bu would be reenabled causing the same loop to 
happen once again. Note that in this case Cd will be 
active before Bu causing this port to continue to be 
disabled and avoiding the jamming situation (Figure 
,55) gives a formal specification of the jabber function). 
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Figure 54. Jabber 
Function 
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Power On 


____ 
:~~E~!I~T£I!. 
_ 


• storL..JobberTime1 


• start_jabber 
Time 2 


«(jobb.rTIm. 
Ld~. 
+ INPUT(UPPER) = Idl.) 
.INPUT.(X) = oollv. 
+ (probolion_oll.mollv 
•• 
INPUT(X) = Idl.) 
~----~~~~----~ 


INPUT(X) = ocllv •• 
INPUT(UPPER) =0011.0 
INPUT(X) = Idl. 


~ 
Wait 
for 
Input 
active. 


+- Input 
Is active. 
Qctivate 
timers n. T2. 


If Input 
goes 
idle, then 
H. wos 
0 


normal 
transmission. 
Otherwise 
If 
jobber 
Timer 1 expires. 
the transmission 
Is Illegal. 
Start 
generating 
collision 
poIl.rn 
In sloI. 
JABBER JAM. 


+- Variable 
probatlon_ottematfve 
Indicates 


two 
possible 
ways 
of implementing 
the 
function. 
Implementation 
of either 
one 
Is allowed. 


Cond~lons 
for going 
10 sloI. 
JABBER SHUTOff 


- T2 expires. 


- INPUT(UPPER) = Idl•• 
INPUT(X) = 0011•• 


It means 
that 
the 
current 
HUB 
was 


SHUTOFF by 0 higher 
hierarchy on•. 


This one will olso SHUTOFF with 
the 
purpose 
that 
Q Jamming 
input 
be 
DISABLED at the 
lowest 
possible level. 


- INPUT(X) = ldle 
Two oltemotlves 
or. 
allowed: 


Go back 
10 JABBER IDLE. or 
go to the SHUTOrF 
stat •. 


On sloI. 
JABBER SHUTOff. 
Ih. 
Input 
Is disabled. 


.. 


INPUT(X) = oollv •• 
INPUT(UPPER) = Idl. 


Input 
wm 
b. 
,.•• 
nobl.d 
If Input 
Is activ •• 


and 
til. 
upper p~rt Is quiet. 
, 
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Figure 55. Jabber 
State Di~gram 


6.1.11 
HUB RECEIVER 
PROTECTION 
TIMER 
All the described elements will contribute to energy 
storage into the transformer inductor, which will dis- 
charge during the transition of the driver to high im- 
pedance. 
On the end of a transmission, during the transition 
from IDLE to high impedance state, the transmitter 
will exhibit an undershoot and/or ringing, as a conse- 
quence of transformer 
discharge. This undershoot! 
ringing will be transmitted to the receiver which needs 
to protect itself from false carriers due to this effect. 
One way of implementing this protection mechanism is 
to implement a blind timer, which upon IDLE detec- 
tion will "blind" the receiver for a few microseconds. 


Causes of the transmitter undershoot/ringing: 
1. Difference in the magnitudes of the differential out- 
put voltage between the high and the low output 
stages. 


2. Waveform assymmetry due to transmitter jitter. 
3. Transmitter 
and receiver inductance 
(transformer 
L). 
4. Two to three microseconds of IDLE pattern. 


The blinding timer is currently defined to be from 20 to 
30 microseconds for the HUBs, being from 0 to 30 mi- 
croseconds for the nodes (optional). The 82588 has 
built-in this function. It won't receive any frames for an 
inter-frame-spacing (IFS) from the idle detection. 


6.1.12 
HUB RELIABILITY 


Since the StarLAN HUBs form focal points in the net- 
work, it is important for them to be very reliable, since 
they are single points offailure which can affect a num- 
ber of nodes or can even bring down the whole net- 
work. StarLAN fBASE5 draft requires HUBs to have 
a mean time between failures (MTBF) of at least 5 
years of continuous operation. 
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7.0 SOFTWARE 
DRIVER 
7.1.1 DOING I/O ON IBM PC 


The software needed to drive the 82588 in a StarLAN 
environment is not different from that needed in a ge- 
neric CSMA/CD 
environment. This section goes into 
specific procedures used for operations like TRANS- 
MIT, RECEIVE, CONFIGURE, 
DUMP, ADDRESS 
SET-UP, etc. A special treatment will be given to inter- 
facing with the IBM PC-DMA, 
interrupt and I/O. 


Since all the routines were written and tried out in 
PLM-86 and ASM-86, all illustrations are in these lan- 
guages. 


The following software examples are pieces of an 82588 
exerciser program. This program's main purpose was to 
exercise the 82588 functionality and provide the func- 
tions of traffic generation and monitoring. By such the 
emphasis was on speed and accuracy of statistics gath- 
ering. 


7.1 
Interfacing 
to IBM PC 


The StarLAN board interfaces to the CPU, DMA con- 
troller and the interrupt controller on the IBM PC sys- 
tem board. The software to operate the 82588 runs on 
the system board CPU. The illustrated routines in this 
section show exactly how the software interface works 
between the system resources on the IBM PC and the 
StarLAN board. 


The safest way to use the PC monitor as an output 
device and the keyboard as the input device is to use 
them through DOS system calls. The following is a set 
of routines which are handy to do most of the 110: 
key$stat 
-to 
find out if a new key has been 
pressed 
keyin$noecho -to 
read a key from the keyboard 
char$out 
-to 
display a character on the screen 
msg$out 
-to 
display a character 
string on the 
screen 
line$in 
-to 
read in a character string from the 
keyboard 


The exact semantics and the protocol for doing these 
functions through DOS system calls is shown in the 
listing in Figure 56. Refer to the DOS Manual for a 
more detailed description. To make a DOS system call, 
register AH of 8088 is loaded with the call Function 
Number and then, a software interrupt (or trap) 21 hex 
is executed. Other 8088 registers are used to transfer 
any parameters between DOS and the calling program. 
The code is written in Assembly language for register 
access. Let us see an example of the 'msg$out' routine: 


Ids dX,STRING_POINTER 
load pointer to string in reg. ds:dx 
mov'ah,09h 
9 = function number for string o'p 
int 21h 
DOS System Call 
These procedures are called from another module, written in a higher level language like PLM-86. The parameters 
are transferred to the ASM-86 routines on the stack. 


Examples of using the I/O routines: 


KEY_STATUS = key$stat; 
,. 
NEW_KEY 
= keyin$noecho; 
r 
call line$in(@LINE_BUFFER) 
; 
,. 
call char$out(CHAR_OUT) ; 
,. 
call msg$out(@('THIS 
IS A MESSAGE.$')); rr 


INQUIRE KEYBOARD STATUS 
INPUT NEW KEY 
STRING INPUT 
TO OUTPUT CHAR_OUT ON 
OUTPUT STRING 
NOTE $ TERMINATOR 


.,.,., 
SCREEN',., 
*' 
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/.----------- 
-- ------- ------ --------- 
--- ----------- -------- ----------------_. 
/ 
/. 
Declarations for external 
IBXPC110 routines 
•/ 
/. ---------- 
-------------------------------- 
-------------- ----------------_. 
/ 


keySstat: 
procedure 
byte 
ertern&l: 


end keySstat: 


:~Si:;s~~~~o~~~oedure 
byte 
ertern&l: 


ClharSout: 
prooedure(ohar) 
ertern&l: 
/, 
oonsole 
output 
routine 
'/ 


deolare 
Clhar byte: 
end 
ClharSout: 


r» key status routine •/ 


r» 
console 
i.nput rout1n8 ., 


msgsout: 
procedure(msgSptr) 
ertern&l: 
/» 
oonsole 
string 
output 
routine 
deolare 
msgSptr 
pointer: 
end IIsgSout: 


l1neSin: 
procedure(l1neSptr) 
ertern&l: 
r» 
console 
string 
input 
routine 
deolar.e 
l1neSptr 
pointer: 
end 
HneSin: 


Assembly 
Language 
implementation 
of 
the 
routines 


STITLB(IBM/PC 
DOS CALLS PROCEDURBS) 


NAME 
DOSPROCS 


OOROOP 
GROUP 
DATA 
CGROUP 
GROUP 
CODB 


DATA 
SBGMBNTWORDPUBLIC 'DATA' 
DATA 
ENDS 


Dos 
BQU 
2ll! 


CoDB 
SBGMBNTWORDPUBLIC 'CODB' 
ASSUME CS: CGROUP,DB:DGROUP 
231422-58 


CHARSOUT: PROCEDURE(CHAR) EXTERNAL: 
DECLARE CHAR BYTE; 
END CHARSOUT; 
Outputs character to the screen. 
DOS system call 2 


CHAR 
[BP+41 
STACK 
EQU 


CHAROUT 
PROC 
NEAR 
+------+ 


PUBLIC 
CHAROUT 
! CHAR ! x 
PUSH 
BP 
+------+ 
HOV 
BP,SP 
lIP 10 ! x-1 


HOV 
DL,CHAR 
+------+ 
HOV 
AB,2 
!IP hi ! x-2 


INT 
DOS 
+------+ 


POP 
BP 
!BP 10 ! x-3 


RET 
2 
+------+ 
CHAROUT 
ENDP 
!BP hi I x-4 
,--SP 
+------+ 
KEYINSNOECHO: PROCEDURE BYTE EXTERNAL: 
END KEYINSNOECHO; 
Reads character without echOing to display 


KEYINNOECHO PROC 
PUBLIC 
HOV 
INT 
RET 
KEYINNOECHO ENDP 


Figure 7-56. I/O Routines for IBM/PC 
(continued) 


NEAR 
KEYINNOECHO 
AB,8 
DOS 
(DOS ca.ll8) 
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Figure 56. 1/0 Routines 
for IBMIPC 
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MSG$OUT: 
PROCEDllRB(MSG$PTR) 
EXTERNAL: 
DECLARE 
IISG$ PTR 
POINTER: 
END MSG$OUT: 
/» 
NOTB: 
MESSAGB 
IS 
TERMINATED 
WITB 
A DOLLAR 
SIGN 
'/ 
MSG$PTR 
is 
double 
word pointer 
SEG:OFFSBT 


MEG_L 
B1WO 
[BP+4 
J 
IIEG_I! 
B1WO 
[BP+6 
J 


PROC 
NEAR 
IISGOUT 


BP 
BP.SP 
DX.MSG_L 
DS 
AX.IIEGJI 
DS.AX 
All. 9 
DOS 
DS 
BP 
4 
ENDP 


XSGOUT 
PUBLIC 


POS!! 
1I0V 
1I0V 
POSI! 
1I0V 
IIOV 
MOV 
INT 
POP 
POP 
RRT 
MSGOUT 


. (DOS 
oall 
9) 
_ 


LlNEUN: 
PROCBDllRB(LlNE$PTR) 
BXTBRNAL: 
DECLARE 
LlNE$PTR 
POINTBR: 
END LINE UN 


LlNE_L 
LINE_I! 


LlNEIN 


B1WO 
EQO 
[BP+4J 
[BP+6J 


PROC 
NBAI! 
LlNEIN 
BP 
BP.SP 
DS 
AX.LlNE_1! 
DS.AX 
DX.LlNE_L 
All. 10 
DOS 
DS 
BP 
4 
ENDP 
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PUBLIC 
POSI! 
MOV 
POSI! 
MOV 
1I0V 
MOV 
1I0V 
INT 
POP 
POP 
&ET 


(DOS 
oall 
10) 


LlNEIN 


lCBY$STAT: 
PROCEDURB 
BYTB 
EXTERNAL: 
END KBYSSTAT: 
Inclioates whether any keyboard key was pressed. 


KB'iSTAT 
PROC 
NBAI! 
PUBLIC 
KB'iSTAT 
1I0V 
All. 11 
(DOS 
oall 
11) 
INT 
DOS 
&ET 
lCBYSTAT 
ENDP 


ConB 
ENDS 
END 
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Figure 56. 1/0 Routines 
for IBMIPC 
(Continued) 


7.2 
Initialization 
and Declarations 
Figure 58 shows the initialization routines for the IBM 
PC and for the 82588. It also shows some of the typical 
values taken by the memory buffers for Configure, 
lA_Set. 
Multicast and transmit buffers. 
Figure 57 shows some declarations describing what ad- 
dresses the devices have and also some literals to help 
understand the other routines in this section. 
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Following are some literal declarations that are used in the procedure examples 


Follow11lg 
are 
SOIll8 11 teral 
deolarat10lls 
that 
are 
used 
11l 
the 
procedure 
e" ••••ples 
deolare 


11terally 
'0300h' 
, 
/0 
82588 
OOIlllA1lD/STATUS 
0/ 


11terally 
'0301h' 
/0 
DIIA/IlITBRl1PT 
IDIABLB PORT 
0/ 


11terally 
'021h' 
/0 
8259A 
USI: 
RBGISTER 
0/ 


11 terally 
'020h' 
/0 
82!!9A 
OOIlllA1lDWORDa 
0/ 


11terally 
'Oab' 
/0 
8237A 
UBI: RBGISTER 
0/ 
11 terally 
'Obb' 
/0 
8237 A 110011RBGISTER 
0/ 
11terally 
'Doh' 
/0 
8237A 
lST/2BD 
1IYTl! PWP 
0/ 


11 terally 
'02h' 
/0 
8237 A Cl!AlIlIl!L 1 AIlI:8. 
RBG. 
0/ 


11 terally 
'03h' 
/0 
8237 A Cl!AlIlIl!L 1 I!YTl! comrr 
0/ 


literally 
'083h' 
/0 
Cl!AlIlIl!L 1 PAG! RBGISTER 
0/ 


11 terally 
'06h' 
/0 
8237 A Cl!AlIlIl!L 3 ADDR. RBG. 
0/ 
11 terally 
'on' 
/0 
8237 A Cl!AlIlIl!L 3 I!YTl! 00tIIIT 
0/ 


11terally 
'082h' 
/0 
Cl!AlIlIl!L 3 PAGB RBGISTER 
0/ 


11 terally 
'Olh' 
/0 
START Cl!AlIlIl!L 1 
0/ 


literally 
'03h' 
/0 
START Cl!AlIlIl!L 3 
0/ 
literally 
'Oah' 
/0 
STOP Cl!AlIlIl!L 
1 
0/ 


11 terally 
'07h' 
/0 
STOP Cl!AlIlIl!L 
3 
0/ 


11 terally 
'Odfh' 
/0 
1l1IIIABI: IlITBRRl1PT LBVBL a 
0/ 
11 terally 
'068h' 
/0 
SPECIFIC 
BDI 
LBVBL 6 
0/ 


11 terally 
'1 ' 
/0 
IIBIIORY TO 82688 
0/ 


11 terally 
'0 ' 
/ 0 82688 
TO IIBIIORY 
0/ 


11 terally 
'046h' 
/0 
RX ON Cl!AlIlIl!L • 
1 
0/ 
literally 
'047h' 
/ 0 
RX ON Cl!AlIlIl!L • 
3 
0 / 
11 terally 
'049h' 
/ 0 TX ON Cl!AlIlIl!L • 
1 
0/ 


11 terally 
'04bh' 
/0 
TX ON Cl!AlIlIl!L • 
3 
0/ 
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Figure 57. Literal Declarations 


Initialization Routines 


In! t1al1zat101l 
rout1nes 


/0 
SYSTBII INITIALIZE 
0 / 


aye_1n! 
t: 
prooedure; 


call 
aetUllterrupt 
(13,1Iltr_688); 
/0 
!!ASB 8. 
LBVBL 5 
0/ 
~~~~~~~i~==~ 
: 1n~:~r~~) 
and 
ellable_S88; 
~: 
~CI:~~~~~:~ 


wr _ptr, 
rd....ptr, 
fifoollt-O; 
. 
/0 
RESET 
STATUS FlFO 
0/ 
I··········· 
/ 
/0 
OOlIVlIRT SBG:OPFSET 
PORIIAT TO ao 
!!IT 
ADIlRBSSBS 
0/ 


/ 0 FOR ALL THE IIl1PFBRS 
0/ 


/, 
•••••••••••••••••••••••••••••••••••••••••••••••• 
"1 


output(b~rt)-Offh; 
/0 
IDIABLB llIIA AIlD IIITBRRl1PT DRIVERS 
0/ 


end 
sys_1n! 
t ; 


82688 
1n1 t1al1zat101l 


1n1t_688: 
procedure; 


001lf1g_588(OO) 
- 
10; 
00Ilf1g_588(01) 
- 
00; 
001l1'1g_688(02 
- 
OOOOlOOOb; 


00Ilf1L688(03) 
- 
buff_lell/4; 
001l1'1g_588(04) 
- 
OOlOOl1Ob; 
00Ilf1g_588(05) 
- 
OOOOOOOOb; 
001l1'1g_688(06) 
- 
96; 
001lf1L688(07) 
- 
0; 
001lf1L688(08) 
- 
11l1OOlOb; 
00Ilf1g_688(09) 
- 
OOOOOlOOb; 
001l1'1g_688(10) 
- 
100010OOb; 
00Ilf1L688(11) 
- 
64; 


/0 
TO OONPIGl1RB ALL 10 
PARAIIl!TERS 
0/ 


/0 
IIODB 0, 
8 
11HZ CWCZ:. 
1 IIIS/S 
0/ 
/0 
IUIClIIVlI I!l1PPBR LENGTH 
0/ 


/ 0 NO LOOPI!ACI:. ADDR LBN - 
6. 
PRBAIIISLB- 
8 
0/ 


/ 
0 
DIFPBRl!lITIAL 
IlANCBlISTER - 
OF!' 
0 / 
/0 
IFS 
- 
96 
TCLI: 
0/ 
/0 
SLOT TIIIIS _ 612 
TCLI: 
0/ 
/0 
IIAX. 
NO. 
RETRIES 
- 
16 
0/ 


/ 0 IlANCBlISTER IDIOODIBG 
0/ 


/ 0 
INTBRNAL CRS AIlD CD'l'. 
CRSF - 
0 
0/ 
/0 
IIIN 
PRAIIB LBNGTB - 
64 
IIYTBS 
H 612 
srra 
0/ 
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Figure 58. Initialization 
Routines 


1-476 


intJ 
Ap·236 


1&_set_buff_588(0) 
• 6; 
1'-.set_buft_588(l) 
• 
0; 
1'-.set_butL588(2) 
• 
OOOh 
1'-.setJ>utL588(3) 
• 
041h 
1'-.setJ>utL588(4) 
• OOOh 
1'-.setJ>utt_588(5) 
• 
OOOh 
1&_set_utt_588(6) 
• 
000h 
1&_setJ>utf_588(7) 
• 
OOOh 


IIUlt1oast_butL588(OO) 
• 
12; 
aUlt1oastj>utt_588(Ol) 
• 
OOh 
IIUlt1oastJ>ufL888(02) 
• 
11h 
IIUlt1oastJ>ufL588(03) 
- 
12h 
IIUlt1oast_bufL588(04) 
• 
13h 
aUlt1oastJ>ufL588(08) 
• 
14h 
IIUlt1oastJ>ufL588(06) 
• 
I5h 
aUlt1oasLbufL588(07) 
• 
ISh 
IIUlt10&st_bufL588(08) 
• 
2Ih 
aUlt1o&st_bufL588(09) 
• 
a2h 
IIUlt1oast_bufL588(lO) 
• 
23h 
lIult1oast_bufL588( 
11). '24h; 
IDult1oastJ>uff_588(12) 
• 
25h; 


aUlt1oastJ>ufL588(l3) 
• 
2Sh; 


txJ>uffer_558(OO) 
• 
tlLfr 
•••••_leJl 
.od 
256; 


txJ>uffer_558(Ol) 
• 
t"_frame_leJl 
, 
2116; 


txJ>uffer_558(Oa) 
• 
011h; 
,. 
IlfITIAL 
DESTII!ATIOIlAIlDRBSS• IIC(l) 
., 


tlLbutfer_588(03) 
• 
Ol2h; 
txJ>utfer_888(04) 
• 
OI3b; 
t,,_buffer_888(05) 
• 
OI4h; 
txJ>uffer_888(06) 
• 
018h; 
txJ>uffer_888(07) 
• 
016h; 


eDd 1n1t_888; 
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Figure 58. Initialization 
Routines 
(Continued) 


7.3 General Commands 
fourth parameter = 


Operations like Transmit, Receive, Configure, etc. are 
done by a simple sequence of loading the DMA con- 
troller with the necessary parameters and then writing 
the command to the 82588. 


Example; Configure Command 


To configure the operating environment of the 82588. 
This command must be the first one to be executed 
after a RESET. 


call 
DMA_LOAD(l,l,12,@CONFIG_588_ADDR) 
; 
output 
(CS_588) = 
l2h; 


The first statement is the prologue to the configure 
command to the 82588 which calls a routine to load 
and initialize the DMA controller for the desired opera- 
tion. This routine is described in section 7.4. The pa- 
rameters for DM~LOAD 
are: 


first parameter 
= 82588 channel 
number 
( = 1) 
second parameter = direction 
( = 1, 
memory 
> > 
82588) 
third parameter 
= length of DMA 
transfer 
( = 12) 


pointer to a 20 bit 
address of the 
memory buffer 
(=@CONFIG_588_ADDR) 


The second statement writes 12h to the command regis- 
ter of the 82588 to execute a Configure command on 
channel 1. 


When the command execution is complete (successfully 
or not), 82588 interrupts the 8088 CPU through the 
8259A, on the system board. This executes the inter- 
rupt service routine, described in section 7.5, which 
takes the epilogue action for the command. 


Most operations are very similar in structure to Config- 
ure. The 82588 Reference Manual describes them in 
detail. Figure 59 shows a listing of the most commonly 
used operations like: 


CONFIGURE 
INDIVIDUAL-ADDRESS 
(lA) 
SET-UP 
MULTI CAST-ADDRESS 
(MC) 
SET-UP 
RECEIVE 
(RCV)-ENABLE 
RECEIVE 
(RCV)-DISABLE 
RECEIVE 
(RCV)-STOP 
READ-STATUS 


TRANSMIT 


DIAGNOSE 
DUMP 
TDR 
RETRANSMIT 
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i'-8et: 
procedure 
publio; 
/. 
COIlllAllIl- 01 •/ 


oall 
dma_load(~Channel.tx_dir.8 
•• iAset_~addr); 


/» 
SlIT OIlACIIA1IlII!L 
0 OR 1 TO TRANSFERFROIIIIIIIIORY 
TO TIll! 82588. 
1asat_dma_addr 
VARIAIILBSTORESTIll! 
20 BIT POINTI!RTO TIll! IIIDIVIDOALADDRBSSBUFFER •/ 


if 
o~Channal 
then 
output 
(08_588) 
- llh; 


alae 
output(08_588) 
- 01h; 


r» 
EVERYCOIlllAllIlCANBE BXl!COTBD 
III BITIIBRDIIACIIA1IlII!L 
0 OR 1. 


TIll! VARIABLE~Channel 
IIIDICATBSTIll!IU!QUIRBD 
CIIA1IlII!L•/ 


end i,-aat; 


/. -------------------------------------------------------------------------_. 
/ 


oonti,: 
procedura 
publ1o; 
/" COIlllAllIl- 


call 
dm'-load(omd_Channal.tx_dir.12.eont_dmA_~); 
if 
omd_Channel then 
output 
(os_588) 
- 12h; 
elaa 
output(os_588) 
- Ollh; 


end oonti,; 


IIUl. tioast: 
procedure 
publio; 
/» 
COIlllAllIl 


OAll ~load( 
omd_Channal.tx_dir. 
14."'o_~addr) 
; 
if 
omd_Channel than 
output 
(08_588) 
- 13h; 


elaa 
output(08_588) 
- 03h; 


end 
IIUl. t10Ast; 


/» 
---------------------------:----------------------------------------------_. 
/ 


tr&nllll1t: 
procedure(butter_len) 
publ1o; 


deolAra 
butter _len 'WOrd; 


txJ>utter_688(OO) 
- low(butfar_lan); 
t,,-butter_588(Ol) 
- high(butfar_len); 


call 
9lLload( 
OD1..Channel.t,,-dir. 
1536.et"-dma_addr) 
; 


if 
OD1..ohannel than 
output 
(OS_588) - 14h; 


else 
output(os_588) 
- 04h; 


/* COlDUJfD- 04 •/ 


and tr&nsa1t; 


Figure 59. General 
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/. -------------------------------------------------------------------------_. 
/ 


rev_ena.bl.e: procedure (channel, buffer_no ,len) 
publ1o; 


declare 
channel ~e; 


declare 
len 
wOrd; 


declare 
buffer_no 
~e; 
call 
caa_loa4(ohannel, 
~dir 
,len,Or,u1 __ a4dr(buffer_no)); 


if 
~channel 
then output 
(os_588) - 18h; 


else 
output(os_888) 
- 08h; 


/. 
COIIIIAIID 
- 
08 
• / 


/. 
-------------------------------------------------------------------------- 
* / 


rev_disable: 
procedure publ1o; 


enable_rov-O ; 
output(08_588)-01lh; 


end rev_disable; 


/. 
COIIIIAIID 
- 
10 •/ 


/ * -------------------------------------------------------------------------- 
* / 


rev_stop: 
procedure 
publ1o; 


en&ble_rov-O; 
output(os_888)- 
Obh; 


end rev_stop; 


r» 
COlOlAND 
- 
11 
*/ 


/ * -------------------------------------------------------------------------_. 
/ 


retr&nsa1 t: 
procedure 
publ1o; 
/. 
COlOlAND 
- 
12 
* / 


oall 
~10a4(omd_ohannel,tx_dir,1536,cttx_dm&_a4dr); 


if 
omd_channel then output 
(OS_588) - 10h; 
else 
output(oS_588) 
- Och; 


end retr&nsll1 t ; 


r= -------------------------------------------------------------------------_. 
/ 


abort: 
procedure publ1o; 


:i~u~~~~ii~:~~;( 
if'; 


end abort; 


/. 
COIIIIAIID 
- 
1:5 
• / 


r= -------------------------------------------------------------------------_. 
/ 


reset_588: 
procedure 
publ1o; 


enable_rev-O; 
output(oS_588) 
- leh; 


oall 
oonf1g; 


end reset_588; 


/. 
COIIIIAIID 
- 
14 •/ 
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7.4 
DMA Routines 
the listing of this procedure. It accepts 4 parameters 
from the calling routine to decide the programming 
configuration for the 8237A. The parameters for 
DM~LOAD 
are: Channel, direction, buff_len, and 
buff_addr. 


DM~LOAD 
procedure is used to program the 
8237ADMA controller for all the operations requiring 
DMA service.It also starts or enablesthe programmed 
DMA channel after programming it. Figure 60 shows 


~~~~:;~=~M 
t:~~;~~r~~~:~~ir 
SOd:O~~ ~l~~eBB 


deolare 
ptr 
pointer, 


Pt;:::~~t 
~~~~er: 


rvrd 
based ptr_addr)(2) 
word; 


ptr_addr-optr: 
ptr_20bit-8hl((ptr_20bit: 
-wrd(l» 
,4)+vrd(0); 
return(ptr_20bit) 
; 


end oonvert_20bit_addr; 


IBII/PC IlIIAlOading 
procedure 


du.....load: 
procedure( ob&nnel, direotion, 
bufLlen. 
bufLaddr) 
reentrant 
publio; 


deolare 
ohannel 
byte; 
deolare 
direotion 
byte; 
deolare 
buff_len 
wOrd; 


deolare 
buff_addr 
pointer~ 


declare 
(vrd based bufLaddr)(2) 


/» 
CI!AlIIIBL., 
0 or 1 


r» 
O-R%, e88 
-, 
IIBII; 


/» 
BYTBOOUllT 
/= 
BUFl'BRADIlRIII 20 BITS l'ORII 
Yord.; 


'/ 
l-TJ:, IIBII-, 
e88 
'/ 
'/'/ 


ob&nnel-ob&nnel and 1; 
/» 
GETLEASTSIGIIIPICAIITBIT 
'/ 


if 
ohannel-O 
then 
r= BXBCOTB 
OOIlllA1lIl 
011CI!AlIIIBL 
do; 
~~t~;~~~:~f) 
- 0; 
/» 
CLBARPIRST/LASTFLIP-PLOP 


else t~~~;m:~~~~il~~e_l; 
~: ~~~II 
O:IiBcs~ 
output(du.....addr_l) 
- low (vrd(O»; 
r» LOADLSB AIIDRIISSBYTB 
output(du.....addr_l) 
- high(vrd(O»; 
r» 
LOADIISBAIIDRIISSBYTB 
output(dJoa...addrlLl) 
- low (vrd(l»; 
/» 
LOADPAGBRBGISTBR 
output (dma_bo_l) 
- low (bufLlen); 
/' 
LOADLSB BYTBOOUllT 
output (dJoa...bo_l) 
- high(buff_len); 
/' 
LOADIISBBYTB00UlIT 
output(cIm••...II&Slt) 
- c1m••...oIL1; 
/» 
STARTCI!AlIIIBL 
1 
end; 


else 
do; 
r» 
SAIIBAS BBPORBFORCI!AlIIIBL!I 
~~t~;~~~:~f) 
- 0; 


elset~~~p~:~~~~~~~~e_3; 
output(dma_addr_3) 
- low (vrd(O»; 


output (dma_addr_3) 
- high(vrd(O»; 
output(clma...addrIL3) 
- low (vrd(l»; 
output (du.....bo_3) 
- low (bufLlen); 
output (daa-bO_3) 
- high(buff_len); 
output(cIma...asalt) 
- du.....oIL3; 


end; 


end dJoa...load; 


'/ 


'/ 
'/'/'/ 
'/'/ 
'/'/ 


'/ 
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One peculiarity about this procedure is that in order to 
speed up the DMA step-up, this procedure doesn't get a 
pointer to the buffer, but a pointer to a 20 bit address in 
the 8237 format. The 8088/8086 architecture 
define 
pointers as 32 bits seg:offset entities, where seg and off- 
set are 16bit operands. By the other hand the IBM/PC 
uses an 8237A and a page register, requiring a memory 
address to be a 20 bit entity. The process of converting 
a seg:offset pointer 
to 
a 
20 bit 
address 
is time 


consuming and could negatively affect the performance 
of the 82588 driver software. The decision was to make 
the pointer/address 
conversions during initialization, 
considering that the buffers are static in memory (es- 
sentially removing this calculation from the real time 
response loops). 


Figure 61 is a listing of the DMA_LOAD 
procedure 
for the 80188 or 80188 on-chip DMA controller. It has 
the same caller interface as the 8237A based one. 


dma_Ioad: 
procedure(channel,direction,trans_len,buff_addr) 
reentrant; 


/* 
To 
load 
and 
start 
the 
80186 
!:MA 
controller 
fo'r the 'desired operation 
*/ 


declare 
dma_rx-mode 
literally 
'1010001001000000b'; 
/* 
rx channel 
*/ 
/* 
src=IO, 
dest-M(inc), 
sync-src, 
TC, 
noint, 
priority, 
byte 
*/ 


declare 
dma_tx-mode 
literally 
'000011010000000b'; 
/* tx channel 
*/ 
/* 
src-M(inc), 
dest-IO, 
sync-dest, 
TC, 
noint, 
noprior, 
byte 
*/ 


declare 
declare 
declare 
declare 


channel 
byte; 
/» 
direction 
byte; 
/* 
trans_Ien 
word; 
/* 
buff_addr 
pointer; 
/* 


channel 
<# 
o - 
rx, 588 
-> 
byte 
count 
buffer 
pointer 


*/ 
mem; 
1 - 
tx, mem 
-> 
588 */ 
*/ 
in 20 
bit 
addr. 
form 
*/ 


declare 
(wrd 
based 
buff_addr)(2) 
word; 


do 'case channel 
and 
00000001b; 
do 
case 
direction 
and 
00000001b; 
do; 
/* 
channel 
0, 588 
to memory 
0/ 


'output(dma_O_dpl) 
- wrd(O); 
output (dma_O_dph) 
- wrd(l); 
ou tpu t(dma_O_spl) 
- 
cJL..a--S88; 
output (dma_O_sph) 
0; 
output (dma_O_tc) 
- 
trans_Ien; 
output (dma_O_cw) 
- dma_r~ode 
or 0006h; 
/0 Start 
!:MA 
ch1 
0 
*/ 
end; 


do; 
/* 
output(dma_O_dpl) 
output (dma_O_dph) 
output (dma_O_spl) 
output (dma_O_sph) 
ou tpu t(dma_O_t c) 
output (dma_O_cw) 
end; 
end; 


channel 
0, memory 
to 588 
0/ 
- 
cJL..a_S88; 
- 0; 
-wrd(O); 
-wrd(l); 
- 
trans_len; 
- dma_t~ode 
or 0006h; 
/0 Start 
DMA 'chI 0 */ 
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do 
case 
direction 
and 
00000001b' 
do; 
1* channel i. 
588 
to memory 
*1 
output(dma_l_dpl) 
- ~d(O); 
output(~_l_dph) 
_ wrd(l); 
output(dma_1_spI) 
- ciLb_588; 
output (dma_1_sph) 
_ 0; 
output (dma_1_tc) 
- 
trans 
len; 
output (dma_l_cw) 
- dma_r~ode 
or 0006h; 
1* S~art 
DMA 
chI 
1 *1 
end; 


do; 
1* 
ou tpu t(dma_1_dpl) 
ou tpu t(dma_l_dph) 
ou tpu t(dma_1_s p t ) 
output(~_1_sph) 
output(~_1_tc) 
ou tpu t(dma_l_cw) 
end; 
end; 


end; 


channel 
1. memory 
to 588 
*1 
- 
ciLb_588; 
- 
0; 
- ~d(O); 
-~d(l); 
- 
trans_len; 
- dma_t~ode 
or 0006h; 
1* Star\ 
DMA 
chI 
1 01 
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7.5 Interrupt Routine 


Figure 61. 80186 DMA Routines 
(Continued) 


The interrupt service routine, 'intr_588', 
shown in 
Figure 62, is invoked whenever the 82588 interrupts. 
The main difficulty in designing this interrupt routine 
was to speed its performance. Fast status processing 
was a basic requirement to be able to handle back to 
back frames. 


The interrupt handler will read 82588 status, and put 
them into a 64 byte long EVENT_FIFO. 
Those 
statuses are goingto be used in the main loop for updat- 
ing screen counters. All the statistics are updated as fast 
as possible in the interrupt handler to fulfill the back- 
to-back frame processing requirement. 


The interrupt handler is not reentrant, interrupts are 
disabled at the beginning and reenabled on exit. 
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Interrupt 
eeevaoe 
routine 


1ntr_588:prooedure 
interrupt 
13: 


deOlare 
stat 
event 
1 
(stO. 
stl 
•• t2. st3) 


rz_stO 
rz_stl 


byte. 
byte. 
byte. 
byte. 
byte. 
byte; 


I' 
FOLLOY!NGLITl!RALS IIAVE TlIB PtlRPOSB OF BllABLBACTING 
ON BITHER CHANlfBL 1 OR 3 SELECTIVELY 
'/ 


declare 


literally 
'if 
oM_ohannel 
el;:e~U~~~rc~~a::)~~f~~~7? 
; 
'if rx_ohannel 
el;:e~u~~!f(~~::)~~f~~{'~ 
; 


'if 
oIIIC1_ohannel 
then 
outfut(o._e88)-lCh; 


·~iS~~~~i-&88)-oah' 
• 
el;:e~U~~!rc~~~:8:~~~~ 
; 


/, 
DISABLE 
INTKRRUPTS 
" 


r» 
NO INTRRR. 
NESTING 
• / 
r» 
RLS 
588 
PTR. 
START 
0 
• / 


l1terally 


cUSlLble; 


output(o._e88) 
-Oth; 


event_f1fo(wr-ptr). 
seo , stO-1nput(os_588); 
I' 
RBAD82588 
STATUS 
'I 
event_f1to(wr_ptr). 
atl, stl-input(os_688); 
I' 
REGISTERS, 
PASSING 
'I 
event_f1fo(wr-ptr). 
sea. st2-1nput(OS_688); 
I' 
TIIIlIl TO TlIB !lAIN 
'I 
event_f1fo(wr-ptr). 
eea. st3-input(oS_688); 
I' 
PROGRAXON TlIB FlFO 
'I 


~t~:;~nil~~;i~l~ 
~~h; 
I' 
INCRBIIBllTFIFO 
'I 
I' 
COUNTERS 
'I 


event -stO 
and on; 
/» 
GET BV'BlI'l· FIBLD 
'I 


output 
(os_e88)-80h; 
I' 
ACJOI01ILBDGB82888 
'I 
" 
INTERRUPT 
'I 
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do case event: 


ev..oo 
ev.jn 
ev_D2 
ev_oa 
ev_04 


I' 
I' 
,I' 


I'I' 


NOP COHXAND 
- ; 
lA_SETUP, 
STOP DKA 
- ; 


CONPlGURB. 
STOP DXA 
-; 


MOLTlCAST. 
STOP DKA 
- ; 


TRANSMIT DONI 
-; 


stOP_Omd_c1m& 
; 
stop_omcLdma j 
stop_omd._dmaj 
do; 
stop_oIIIC1_du. ; 


I' = 
IF 
TRBRB WASA COLLISION AND IS 
NOT TlIB 
!lAX COLLISION 
'I 


stat-(st2 
and 
1000c0OOb) 
or 
(st1 
and 00l00000b); 
U (.tat-80h) 
then 
do j 
t» 
RBTRANSXIT 
- ; 


oall 
dlII&.lo&4(cM_oh&lll>el, 
t,,-,Ur 
.1536 .otx_du._&ddr); 


1ssue_rtx_omd.; 
;- 
UPDATE STATISTICS 
total_tz-oount-total_tx_oount+ 
1 j 
ooll_ont(l7) 
.• ooll_ont(17) 
+ 1; 
;-TOTAL ·COLL-; 


bacLt~OOUllt 
- bad_t~OOUllt 
+ 1; 
end; 
else 
do; 
if 
in_loop 
/ - BDCUTING 
TRANSMISSIONS IN 
IOOP 
-; 


then 
do j 
/» 
RI 
ISSUE 
TRANSXIT OOIOlAlm 
- / 


call 
"",,",-lo&4(OIId...oh&nnel, 
tx_cUr, 
1536, otx_dwL&ddr 
1ssue_t~omd.; 
total_tx_COUll.t-tota.l_t~OOUll.t+ 
1; 
end.; 
U 
(.t2 
&Dd 00l00000b) 
- 0 
then 
do; 
bacLtZ_OOUllt 
.• bacLtX_OOWlt 
+ 1: 


I' 
INCRBIIBllT UNDBRRUNCOUNTER 
tmp-Bor(tmp: 
-Bt2.1); 
~!_~=~~:~ 
~;s~~ 
tmp-.or(tmp.1) 
; 
~~8~N~t~; 
8i;S~ 
tap-aor(tmptl) 
; 


lost_ors-lost_ora 
plus 
0; 
u (.tat-OACh) 
1'!Ne 
COLLISIONS COONTBR 'I 


then 
coll_ont(17) 
.• ooll_ont(7) 
+ 1; 


end; 


'I 


'I 


'I 


'I 


end; 


/» 
lJilCRIllBlIT DEFER 
OOOllTBR 
bp-sol 
( (tmp: -st1), 
1); 
tz_defer-tI-defer 
plus 
0; 


'I 


end; 
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ev_OtS: 
ev_06: 
ev O?: 
ev:08: 


dO; 
stop_rz...dma; 
1-(ourrentJ>uft+l) 
and 
OOOOOllll>; 
/» 
IIIC BtIFFIIR 110. IIOD 8'/ 
it enable_rev 
c 
) 0 
/» 
IF RECEIVERIS 011 
./ 


then 
do; 
r» 
PRBPAIIBIIDT 
BUPPBR '/ 


call 
~10ad(rz_ob&nnel.rz_d1r.1532.~dma_addr(1)); 
it 
rz...ob&nnel 
then 
output(OS_588)- 
lSh; 


else 
output 
(os_1I88)-08h; 
rz_butter(1). 
oha1ILOllt-O; 


end; 


elBe 
call 
rev_disable; 


/» 
TDR COIlllAl1D. STOP llIIA 
'/ 


/» 
DUIIP COIlllAl1D. STOP DIIA 
'/ 


r» 
DIAGIIOSBCIID. STOP DIIA 
'/ 


/. 
RECEIVED 
FlVJi(B 
./ 


r» 
DlSABLB RBCBIVlIR 
'/ 


r» 
FIIID ADDRBSSOF BIID OF CtlRRBIITLYRBCBlVED BUPPBR 
r» 
BY CALCllLATIHGIT 
YI'l'B '1'IIl! 831188 BY'l'B COtlllT RBGS. 


~tCott-(ahl(double(at2). 
8) 
or 
double(stl)); 


r» 
READ STATOS BY'l'BS FROII IIBIIORY 
rz...stO-rzJ;lu.tter( 
ourrentJ>uft) 
. butt(~tt_ott-2); 
rz...st 
l-rzJ;lu.tter 
(ourrentJ>uft) 
. butt(~tt_ott-l); 


r» 
UPDATEACTOALBUPPER SIZB 
rzJ;lu.tter(ourrentJ>uft) 
•aotu&La1ze-rzJ>utt_ott; 
~tter( 
ourrentJ>utt) 
. atO-rz...atO; 


rzJ>ufter(ourrentJ>uft). 
stl-rz...Btl; 


ourrentJ>utf-1 
; 
/» 
UPDATE 'l'O'l'AL RBCBlVED BUFFERS 
total_rov_oount-total_rov 
_oount+ 1; 
r» 
UPDATE STATISTICS 
it 
(rz...Btl 
and 
001סס0001>)-0 
then 
do; 
bad_rov_oount-bad_rov_oount+l; 
/» 
IIICRBIIBlIT 
110 BIID OF FIWIB COtlllTBR 
tap-Bor 
(tap: 
-rz...stO 
•7) ; 


~~_~~t 
~;;T 
0hwm 
COIlIITBR 
;~r~~;~;~U;~ 
plus 
0; 
/» 
IIICRBIIBIIT RX OVBRROIICOIlIITBR 
tap-sor(t.p:-rz...Btl.l) 
; 


~~;~ve~'~-'BRROR 
COIlIITBR 
tap-aor(t.p.3); 


,;gI:~er~l~ 
COIlIITBR 
tap-aor(t.p.l) 
; 
oro_err-oro_err 
plU8 O. 


end; 


'/'/ 


'/ 


'/ 


'/ 


'/ 


,/ 


'/ 


'/ 


'/ 


'/ 


end; 
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/» 
BV_09 
RBQtJESTS ASSIGIIIIBIIT OF A IIl!WBUFFBR 
'/ 


call 
&110oate_newJ>utter(not(rol(st3.1)) 
andס00000011>); 


stop_rz_d&a; 
/» 
RBCBIVB DISABLE 
• / 


stoP_I"Z-daa: 
/» 
STOP RBCBIVB 
*/ 


do; 
/» 
RE-TRANSMIT 
DOlIB 
./ 


at&t-(at2 
and 
100000001» 
or 
(stl 
and 
0010סס001>); 
it 
(atat-8Oh) 
then 
do; 
/. 
RITRAlfSKIT 
«r 


0&11 ~loadCl. 
t"_dir 
.11136 .Itt,,-~addr) 
; 
1a8U8_rt,,-OlDI!. ; 
001LOIltCl7) 
- 
001l_Ollt(17) 
+ 1; 
total_t:r;_oount-total_tlLoount+ 
1 ; 
~t,,-oount-~t,,-oount 
+1; 


end; 


e1.88 do; 
it 
ilLloop 
then 
do; 
/» 
LOOP RBTRAllSIIISSIOIIS 
'/ 
call 
~load( 
OIId.ob&nnel. 
t,,-dir. 
1536 .Itt,,-,,",,--a 
1aBue_ t,,-oad; 
tot&1_t,,-oount-tot&1_t,,-oount+ 
1 ; 
end; 


it 
(atat-OAOh) 
/» 
ILU COLLISIOII 
«r 


then 
do; 
0011_ontCl6) 
- 
001l_OlltCl6)+1; 


001l_ontCl7) 
- 
001l_ont(l7)+1; 


~t,,-oount-~t,,-oount 
+1; 


end; 
/» 
UPDATE SPBCIPIC 
COLLISION C01lllTER 
'/ 
ela8 
ooll_ont(stl 
and 
Oth) 
- 
oOll_OIlt(atl 
and 
Oth) 
+ 1; 


ev_09 
ev_lO 
&v_ll 
ev_12 


end; 
end; 
ev_13; 
Btop_omd...dma; 
:::i:: 
stoP_OlDd_d.aa; 


end; 


/» 
ACDOWLBDGB8289A 
III'1'l!RIIUPT 
output(p1o_00w2)- 
seo1--1'1oo; 
/» 
SPBCIFIC 
BOI FOR 8289 


end 
int:LII88; 


/» 
BXIlCOTIOIIABOIITBD 
=r 


/» 
DIAGIIOSBFAILBO 
«r 


«r 
'/ 
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Figure 63. StarLAN 
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Figure 64. Received 
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APPENDIX 
B 
802.3 1BASES MULTI-POINT 
EXTENSION 
(MPE) 


As previously stated, one of the most important advan- 
tages of StarLAN is being able to work on already in- 
stalled phone wires. This advantage is considerably di- 
minished in Europe where numerous constraints exist 
to the using of those wires: 


1. Wire belongs to local PTfs. 
2. Not enough spare wires. 


This same issue is raised when talking about small busi- 
nesses where in a lot of cases no wiring closets and/or 
spare wires are available. 


In summary, in a lot of cases rewiring will be necessary, 
in which case the STAR topology may not be the most 
economical one. 


Recently the StarLAN 802.3 IBASE5 task force has 
been considering the extension of the StarLAN base 
topology. This extension called' MULTI POINT EX- 
TENSION (MPE) is going to be developed to address 
the previously described marketing requirements. 


Currently 
no agreement 
has been reached 
by the 
StarLAN task force on the MPE exact topology and 
implementation. Multiple approaches have been pre- 
sented, but no consensus met. It was decided though 
that the MPE is going to be an addendum to the STAR 
topology, and that its final specification will happen 
after the approval of the current IBASE5 STAR topol- 
ogy (July 1986). 
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APPENDIX 
C 
SINGLE DMA CHANNEL 
INTERFACE 


In a typical system, the 82588 needs 2 DMA channels 
to operate in a manner that no received frames are lost 
as discussed in section 5.1.3. If an existing system has 
only one DMA channel available, it is still possible to 
operate the 82588 in a way that no frames are lost. This 
method is recommended only in situations where a sec- 
ond DMA channel is impossible to get. 


Figure 66 shows how the 82588 DMA logic is inter- 
faced to one channel of a DMA controller. Two DRQ 
lines are ORed and go to the DMA controller DRQ 
line and the DACK line from the DMA controller is 
connected to DACKO and DACKl 
of the 82588. The 
82588 is configured 
for 
multiple 
buffer 
reception 
(chaining), although the entire frame is received in a 
single buffer. Let us assume that channel CH-O is used 
as the first channel for reception. After the ENAble 
RECeive command, CH-O is dedicated to reception. As 
long as no frame is received, the other channel, CH-I, 
can be used for executing any commands like transmit, 
multicast 
address, dump, etc., by programming 
the 
DMA channel for the execution command. The status 
register should be checked for any ongoing reception, 
to avoid issuing an execution command when reception 
is active. 


, 


OROO 
OROn 
OROI 


OACKO h 
OACKI 
OACKn 


82588 
OMA 


CONTROLLER 
231422-49 


Figure 66. 82588 Using One DMA Channel 


If a frame is received, an interrupt for additional buffer 
occurs immediately after an address match is estab- 


lished, as shown in Figure 67. After this, the received 
bytes start filling up the on-chip FIFO. The 82588 acti- 
vates the DRQ line after 15-FIFO 
LIMIT + 3 bytes 


are ready for transfer in the FIFO (about 80 microsec- 
onds after the interrupt). The CPU should react to the 
interrupt within 80 us and disable the DMA controller. 
It should also issue an ASSIGN ALTERNATE 
BUFF- 
ER command with INTACK 
to abort any execution 


_command that may be active. The FIFO fills up in 
about 160 fLs after interrupt. To prevent an underrun, 
the CPU must reprogram 
the DMA controller 
for 
frame reception and re-enable the DMA controller 
within 160 fLs after the interrupt (time to receive about 
21 bytes). No buffer switching actually takes place, al- 
though the 82588 generates request for alternate buffer 
every time it has no additional buffer. The CPU must 
respond to these interrupts with an ASSIGN ALTER- 
NATE BUFFER command with INTACK. 
To keep 
the CPU overhead to a minimum, the buffer size must 
be configured to the maximum value of 1 kbyte. 


If a frame transmission starts deferring due to the re- 
ception occurring just prior to an issued transmit com- 
mand, the transmission can start once the link is free 
after reception. A maximum of 19bytes are transmitted 
(stored in the FIFO and internal registers) followed by 
a jam pattern and then an execution aborted interrupt 
occurs. The aborted frame can be' transmitted again, 


If the transmit command is issued and the 82588 starts 
transmitting just prior to receiving a frame then trans- 
mit wins over receive-but 
this will obviously lead to a 
collision. 


Note that the interrupt for additional buffer is used to 
abort an ongoing execution command and to program 
the DMA channel for reception just when a frame is 
received. This scheme imposes real time interrupt han- 
dling requirements on the CPU and is recommended 
only when a second DMA channel is not available. 
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APPENDIX 
D 
MEASURING 
NETWORK 
DELAYS WITH THE 82588 


Knowing networks round-trip delays in local area net- 
works is an important capability. The round-trip delay 
very much defines the slot time parameter which by 
itself has a direct relationship to network efficiency and 
throughput. Very often the slot-time parameter is not 
flexible, due to standards requirements. Whenever it is 
flexible, optimization of this number may lead to signif- 
icant improvement in network performance. 


Another possible usage of the network delay knowledge 
is in balancing the inter-frame -spacing (IFS) on broad- 
band networks. On those networks, stations nearer to 
the HEAD-END 
hear themselves faster than farther 
ones. Effectively having a shorter IFS than stations far 
from the HEAD-END. 
This difference causes an inba- 
lance in network access time for different stations at 
different distances from the HEAD-END. 
Knowing 
the STATION/HEAD-END 
delay allows the user to 


reprogram the 82588 IFS accordingly, and by that bal- 
ance the effective IFS for all the stations. 


The 82588 has an internal mechanism that allows the 
user to measure this delay in BIT-TIME 
units. The 


method is based on the fact that the 82588 when config- 
ured for internal collision detection, requires that the 
carrier sense be active within half a slot-time after 
transmission has started. If this requirement is not ful- 
filled the 82588 notifies that a collision has occurred. 
Thus it is possible to configure the 82588 to different 
slot time values, then transmit a long frame (of at least 
half a slot-time). If the transmission succeeds, the net- 
work round-trip delay is less than half the programmed 
slot-time. If a collision is reported, the delay is longer. 
The value of the round-trip delay can be found by re- 
peating this experiment process while scanning the slot- 
time configuration parameter value and searching the 
threshold. A binary search algorithm is used for that 
purpose. First the slot-time is configured for the maxi- 
mum (2048 bits) and according if there was a collision 
or not, the number changed for the next try. (See Fig- 
ure 68) 
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Throughout this document, M68000 is used as a general reference to a family of 
microprocessors, which includes the MC68000, MC68020, MC68030. A reference 
to a particular member of the family will use the MC prefix followed by the specific 
number. 82596 is used as a general reference to a family of LAN coprocessors--the 
82596CA, 82596DX, and 82596SX. A reference to a particular member of the fami- 
ly will use 82596 followed by the two letter suffix. 
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1.0 INTRODUCTION 
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1.1 Scope 


The 82596 family of LAN coprocessors provide IEEE 
802.3 MAC functions for use with lOBASE5 (Ether- 
net), lOBASE2 (Cheapemet), lOBASE-T (Twisted Pair 
Ethemet), IBASE5 (StarLAN), and other CSMA/CD 
LANs with serial bit rates up to 20 Mb/s. The three 
members of the 82596 family differ only in the charac- 
teristics of their parallel interfaces; the FIFO and serial 
functions are identical. Table 1 shows the parallel bus 
differences. 


This document describes the circuits required to inter- 
face the Intel 82596 family of LAN coprocessors with 
the M68000 family of microprocessors. First, general 
interface issues are identified and then three specific 
designs are provided-including 
the PLD equations, 
timing diagrams, and schematics. 


• 82596CA and MC68030 
• 82596DX and MC68020 
• 82596SX and MC68000 


1.2 Fundamental Assumptions 


Each design is based on several fundamental assump- 
tions about the memory subsystem. The circuits re- 
quired to support these features are implemented in a 
few programmable components. If the 82596 is added 
to existing designs in which the required circuits are 
already implemented, these circuits do not have to be 
duplicated. 


The following assumptions are made about the designs. 


• The memory subsystem uses DRAM. 
• Refresh request signals are asynchronous to the sys- 
tem clock. 


• Interface logic is implemented in PLDs where possi- 
ble. 
• 82596 family type signals will be converted 
to 
M68000 family type signals. 


2.0 GENERIC IMPLEMENTATION 
ISSUES 


2.1 Block Definitions 


Each design is broken into functional blocks. The ge- 
neric block diagram is shown in Figure 1. The M68000 
family and 82596 family are fixed from a functional 
standpoint. The designer has almost no flexibility in 
their connection or timing. For the purpose of these 
designs, the memory control block is also assumed to be 
fixed. It is set up only for M68000-type signals and 
timings. The blocks for which there is some design flex- 
ibility are grouped under the name control logic. These 
blocks include the following. 


• Clocking. Provides the proper clock phases to the 
82596 and M68000. It also provides the clock for 
the other blocks. 
• Reset Retiming. Takes the active low RESET signal 
that goes to the M68000 and adjusts its timing and 
level to be compatible with the active high RESET 
for the 82596. 
• CA and PORT 
Generation. Decodes the address 
lines and generates the Channel Attention (CA) and 
CPU Port (PORT) signals to the 82596. The system 
designer selects the memory addresses to be decoded 
to activate these signals. The amount of decode logic 
will vary greatly depending on the system memory 
map. 
• Arbitration. Determines which of the three master 
devices has control of the local bus: the M68000, the 
82596, or the refresh controller. The refresh control- 
ler has the highest priority, followed by the 82596 
and then the M68000. Additional master devices are 
supported through simple changes to the PLD equa- 
tions in this block. 


• Memory Signal Conversion. Takes the 82596 con- 
trol signals, such as ADS and WfR, and converts 
them to M68000-type control signals, such as AS, 
DS, and R/W. 


• Wait State and Burst Generation. Generates the 
RDY 
signal to the 82596 (and BRDY 
for the 
82596CA). 
It 
also 
asserts 
the 
burst 
request 
(CBREQ) to the memory controller. 


Table 1. 82596-Famlly Parallel Bus Comparison 


82596 
Address 
Data 
Parallel 
Burst 
Parity 
Maximum 
Frequency 
Version 
Bits 
Bits 
Clocking 
Access 
Pins 
(MHz) 


82596CA 
32 
32 
x1 
Yes 
Yes 
33 


82596DX 
32 
32 
x2 
No 
No 
33 


82596SX 
24 
16 
x2 
No 
No 
20 
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Figure 2, Clock Timing Relationships 
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2.2 Clocking 
2.3 Reset Retiming 


The 82596 family uses different types of clocking. The 
82596DX and 82596SX use CLK2, which is twice as 
fast as the internal operating frequency. The two differ- 
ent phases of CLK2 for every CLKl are defined as <1>1 
and <1>2.The rising edge of CLKl corresponds to the 
rising edge of CLK2 at the beginning of <I>1. The 
.82596CA uses CLKl, which is identical to the internal 
operating frequency. The 82596 clock timing relation- 
ships are shown in Figure 2. 


In many cases the control logic is simplified by clocking 
it with CLK2, even if the CPU and 82596CA are 
clocked by CLK I . In some other cases it is advanta- 
geous to invert the clocking signal to the 82596, which 
introduces a phase shift between the devices. The clock- 
ing specifications of the 82596 and M68000 are shown 
in Table 2. 


All the designs use 74F74 flip-flops because of their 
high operating frequency, low propagation delay, and 
wide availability. If another type of flip-flop is used the 
timing analysis must be modified to reflect the different 
specifications. 


Because the 82596DX and 82596SX use CLK2, the set- 
up and hold time specifications for the reset signal are 
very important. The deactivation of RESET is the only 
means by which the 82596DX and 82596SX determine 
which phases of CLK2 correspond to <I>I and <1>2.Since 
many of the control signals are only valid at the begin- 
ning of certain phases, it is crucial that the arbitration, 
signal conversion, and wait state generation logic know 
the current phase of the clock. Failure to meet these 
specifications can cause improper memory accesses by 
the 82596. Figure 3 is the reset retiming block schemat- 
ic. 


RESET 
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Figure 3. Reset Retlming 
Block 


Table 2. Clocking 
Specifications 


Max 
Max 
Min 
Min 


Component 
Freq 
Clock 
Rise 
Fall 
High 
Low 
(MHz) 
(nanoseconds) 


82596CA 
25 
ClK 
3.0 
3.0 
14.0 
14.0 


82596CA 
33 
ClK 
3.0 
3.0 
11.0 
11.0 


82596DX 
25 
ClK2 
7.0 
7.0 
4.0 
5.0 


82596DX 
33 
ClK2 
4.0 
3.0 
4.5 
4.5 


I 
82596SX 
16 
ClK2 
8.0 
8.0 
5.0 
7.0 


MC68030 
25 
ClK 
4.0 
4.0 
19.0 
19.0 


MC68030 
33 
ClK 
3.0 
3.0 
14.0 
14.0 


MC68020 
25 
ClK 
4.0 
4.0 
19.0 
19.0 


MC68020 
33 
ClK 
3.0 
3.0 
14.0 
14.0 


MC68000 
16 
ClK 
5.0 
5.0 
27.0 
27.0 
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The timings for the M68000 active low signal RESET 
are not compatible with the 82596 active high signal 
RESET. To prevent possible metastable conditions, the 
M68000 RESET passes through a two-stage synchroni- 
zer before going to the 82596. This will usually require 
two 74F74 flip-flops. Using two stages, rather than one, 
greatly reduces the probability of metastable conditions 
in the 82596. One of the stages is also used to invert the 
signal. Table 3 lists the relevant specifications for RE- 
SET and RESET. 


Table 3. Reset Specifications 


Component 
Freq 
Setup 
Hold 
(MHz) 
(ns) 
(ns) 


82596CA 
25 
8.0 
3.0 


92596CA 
33 
10.0 
3.0 


825960X 
25 
10.0 
3.0 


825960X 
33 
8.0 
3.0 


82596SX 
16 
13.0 
4.0 


MC68030 
25 
NO 
NO 


MC68030 
33 
NO 
NO 


MC68020 
25 
NO 
NO 


MC68020 
33 
NO 
NO 


MC68000 
16 
NO 
NO 
ND = Not Definedby Motoroia 


2.4 CA and PORT Generation 


The 82596 has two inputs that do not correspond to 
any signals generated by the CPU: Channel Attention 
(CA) and CPU Port (PORT). Channel Attention is al- 
ways monitored by the 82596, and the falling edge is 
internally latched. The 82596 responds to Channel At- 
tention by reading the system control block command 
word, which is stored in memory. Several fields in this 
command word tell the 82596 what to do; e.g., ac- 
knowledge interrupts, change the state of the command 
unit, change the state of the receive unit, or load the 
bus throttle timers. 


When the 82596 does not have the bus, it examines 
PORT. If it is active the value on the data bus is stored 
in the 82596 in a special register. The value on the 4 
least significant bits (D3-DO) indicates one of sixteen 


functions. Only four functions are defined (functions 4 
through 15 are reserved and should not be used). 
o Do an internal reset (pins D3l-D4 
are ignored). 
1 Do a self test (the results are placed at the location 


specified by pins D3l-D4). 


2 Execute a Dump command (the results are placed at 


the location specified by pins D31-D4). 


3 Move the system configuration pointer to the loca- 


tion specified on pins D31- D4. 


PORT has more stringent requirements for setup and 
hold times than CA does. PORT must meet specific 
setup and hold times with respect to the clock and must 
also be active for at least two consecutive clocks. CA is 
only required to be active for two clocks without meet- 
ing specific setup or hold times; however, CA only has 
to be active for one clock if the setup and hold times are 
met. 


Because the M68000 family does not support a separate 
1/0 address space, all 1/0 functions must be memory- 
mapped. 
The addresses for CA and PORT can be se- 


lected by the designer. In the design examples, Section 
3 through 5, part of one PLD is used to generate both 
signals. The number of input pins on the PLD will de- 
termine the address range limitations. If the PLD has 
fewer input pins than the number of address lines to be 
decoded, one of the PLD inputs should be connected to 
the output of a secondary decoder. This secondary de- 
coder must meet a worst-case propagation delay, which 
is listed in the comment fields of the PLD equations for 
each design. 


Implementing CA and PORT will usually require four 
macro-cells, which is about one-half of a standard 
PLD. Two are used for the actual output signals and 
two are used as a state machine to control the timing of 
the output signals. Figure 4 is the CA and PORT gen- 
erator block diagram and Figure 5 is the state transition 
diagram. 
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Figure 4. CA and PORT Block Diagram 
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All the design examples assume that the memory will 
use DRAMs. This means there will be at least three 
master devices attempting to gain access to memory: 
the M68000 CPU, the 82596 LAN coprocessor, and the 
refresh controller. The requests from the refresh con- 
troller must be given highest priority to avoid corrupt- 
ing data in the DRAMs. The 82596 is given the second 
highest priority, so it is not forced to wait and eventual- 
ly overrun or. underrun. The M68000 has the lowest 
priority because of its internal Bus Request/Bus Grant 
mechanism. Because some of the M68000 family CPUs 
have an internal cache or instruction pipeline, they can 
fetch code or data internally while the 82596 or the 
refresh controller are using the local bus. 


The M68000 family uses a three-signal arbitration 
scheme. A master device makes a bus request b~sert- 
ing BR and waiting for the M68000 to assert BG. The 
master device then drives BGACK while it is using the 
bus. When the master device no longer needs the bus it 
brings BR inactive, then the M68000 drives BG inac- 
tive. Finally the master device drives BGACK inactive. 


2.5.1 REFRESH REQUESTS 


Refresh requests are assumed to be asynchronous with 
the arbitration clock; therefore, the refresh signal must 
be synchronized-typically 
with a 74F74 flip-flop. At 
the completion of the refresh cycle the local bus will be 
released to the requestor having highest priority. The 
flip-flop is not needed if the refresh request timing is 
synchronous with the arbitration clock and meets the 
setup and hold times of the PLD. 


If a refresh request arrives while the M68000 is the 
active bus master, the Bus Request signal (BR) to the 
M68000 will be asserted. When the M68000 forces BG 
active the arbitration logic brings BGACK active and 
the refresh~cle 
begins. When the refresh has been 
completed BR goes inactive. If the 82596 is the active 
bus master when the refresh request arrives, the refresh 
cycle will not start until the 82596 has completed its 
transfers. BR to the M68000 will remain active until 
the refresh cycle has completed; BR will not deassert 
when the 82596 completes its transfers. If another 
82596 request arrives during the refresh cycle, BR will 
remain active until both the refresh controller and the 
82596 complete their transfers. 


The designer is responsible for ensuring that enough 
refresh requests are made to avoid corrupting data in 
the DRAM. These designs assume that a refresh cycle 
signal goes into the memory controller and indicates 
that a refresh cycle is in progress. If a transparent tech- 
nique is used for refreshing the DRAM, or if SRAM is 
used, then the arbiter can be greatly simplified. 


There are several transparent 
DRAM 
refresh tech- 
niques. The most common method hides the refresh 
cycle as extra wait states in the normal CPU or 82596 
accesses. This tech~ue 
eliminates the arbitration over- 
head of the BR/BG 
(HOLD/HLDA) 
protocol and 
simplifies the arbiter logic. The main disadvantage is 
that the wait state generator becomes more complex. 


2.5.2 82596 REQUESTS 


The 82596 acquires 'and holds the system bus via the 
HOLD/HLDA 
handshake. It requests the bus by acti- 


'vating HOLD. When the arbiter gives the local bus to 
the 82596 it asserts the HLDA signal, which is the in- 
verted LANCYC signal from the arbiter. Overrun con- 
ditions can occur in some external devices if the 82596 
holds the bus too long. The 82596's bus throttle timers 
can be used to regulate bus use; the timer can be acti- 
vated two ways. 


• Externally. A high state on the BREQ pin starts the 
timer. 
• Internally. A high state on the HLDA pin starts the 
timer. 


Instead of using bus arbitration schemes, the 82596CA 
can be forced off the bus by activating the backofTpin 
(BOFF). This provides higher performance and faster 
refresh cycles. (The 82596DX and 82596SX do not 
have this backofTfeature.) 


Because the 82596 HOLD and HLDA signals are ac- 
tive high and the M68000 BR and BG are active low, 
the arbiter must invert the logic. In addition, the tim- 
ings are not compatible. The arbitration signal timings 


. are shown in Tables 4 and 5. 


Table 4. Arbitration 
Signal Input Timings 


Component 
Frequency 
Signal 
Output Valid 
(MHz) 
Oelay(ns) 


82596CA 
25 
HOLD 
3to22 


82596CA 
33 
HOLD 
3 to 19 


82596DX 
25 
HOLD 
4to22 


82596DX 
33 
HOLD 
3 to 19 


82596SX 
16 
HOLD 
4to32 


MC68030 
25 
BG 
Oto20 


MC68030 
33 
BG 
Oto20 


MC68020 
25 
BG 
Oto20 


MC68020 
33 
BG 
Oto20 


MC68000 
16 
BG 
Oto40 
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2.5.3 ARBITER 
IMPLEMENTATION 
The arbiter does not immediately give the bus to the 
requestor. The arbiter is usually required to provide an 
adequate DRAM precharge time and will not release 
the bus until the precharge time has expired. The arbi- 
ter can be greatly simplified if other logic is used to 
control the precharge time. Figure 6 is the arbiter state 
transition diagram and the signal timings are shown in 
Figure 7. 


Local bus arbitration is mostly implemented in a syn- 
chronous 
PLD 
that 
uses the inverted 
CPU 
clock 


(CLK!) as the arbitration clock. The arbiter has fixed 
priorities and responds to bus requests from the 82596 
and the refresh controller by requesting the local bus 
from the M68000. The arbiter asserts the Bus Request 
(BR) and Bus Grant Acknowledge (BGACK) signals 
to the M68000, and enforces the bus arbitration proto- 
col. 


.Table 5. Arbitration 
Signal Output Timings 


" 
Frequency 
Minimum 
Minimum 
Component 
(MHz) 
Signal 
Setup (ns) 
Hold (ns) 


82596CA 
25 
HLDA 
10 
3 


82596CA 


; 
33 
HLDA 
8 
3 


82596DX 
25 
HLDA 
10 
3 


82596DX 
33 
HLDA 
8 
3 


82596SX 
:l 
16 
- 
HLDA 
11 
8 


MC68030 
25 
BR 
NA 
NA 


MC68030 
25 
BGACK 
NA 


, 
NA 


MC68030 
33 
BR 
NA 
r 
NA 


MC68030 


r 
33 
BGACK 
NA 
NA 


MC68020 
25 
BR 
NA 
NA 


MC68020 
.i 
25 
BGACK 
NA 
j 
NA 


MC68020 
, 
33 
BR 
NA 
NA 


MC68020 
33 
BGACK 
NA 
NA 


MC68000 
16 
BR 
NA 
NA 
. 


MC68000 
16 
BGACK 
NA 
; 
NA 
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Figure 6. Arbiter 
State Transition 
Diagram 
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Figure 7. Arbiter 
Signal Timings 
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2.6 Signal Conversion 


The memory signal conversion block modifies the 
82596bus signals to simulate M68000 signals.The new 
bus control signals are connected directly to the 
M68000's control signals and are tri-stated when the 
82596 is not the bus master. This block will vary de- 
pending on which M68000 and 82596 combination is 
used. This block can be greatly simplifiedif the memo- 
ry controller is capable of using both M68000 and 
82596 signals and timings. The memory signal conver- 
sion block diagram is shown in Fignre 8. 


A single PLD generates the signals Address Strobe 
(AS), Data Strobe (DS), Read/Write (RIW), and Data 
Bus~nable (DBEN) from the 82596's signals ADS and 
WfR. In 32-bit designs this PLD als~nerates 
SIZO, 


SIZI, AO,and Al from the 82596's BEO-BE3. In 16- 
bit designs it generates UDS and LDS from the 
82596SX's AI, BHE, and BLE signals. The External 
Cycle Start (ECS) and Operating Cycle Start (OCS) 
signals are emulated with a tri-state buffer (e.g., a 
74F244) enabled by LANCYC. The input that corre- 
sponds to the ECS and OCS signals is ADS from the 
82596. Figure 9 shows the different types of cycles for 
the M68000 and 82596. 


ADS 
W/R 


(BHE,BLE) BE3-BEO 


RDY 


AS,OS 


R!W,DBEN 
set-size (UDS,LDS) 


Al,AO 


ECS,OCS 


Figure 8. Memory 
Signal Conversion 
Block Diagram 
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Figure 9. M68000 and 82596 Cycles 
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2.7.1 GENERAL 
INFORMATION 


The 82596 and M68000 combinations can use three 
types of bus transfers (the 82596DX and 82596SX sup- 
port only a basic single-cycle transfer). More than one 
single transfer can occur without interruptio.n. ~ch 
transfer requires at least two clocks and begins with 
ADS going active during the first clock cycle and then 
RDY goes active in the last clock. Wait states are in- 
serted by keeping RDY inactive. Figure 10 shows the 
wait state and burst generator block diagram. 


-~ROY 
ROY 
- 
-- 
PLO 
BROY 
BLAST 
NEWCBREEO 
STERM 


CBACK 
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Figure 10. Wait-State 
and Burst 
Generator 
Block Diagram 


The 82596CA supports all three types of transfers: sin- 
gle cycle, multiple cycle, and burst. The multiple cycle 
is simply several uninterrupted 
single-cycle transfers, 
with each bus cycle beginning with ADS going active 
during the first clock and then RDY going active in the 
last clock. Burst cycles can contain as many as four 
consecutive data transfers to four consecutive locations; 
however, ADS is only generated before the first data 
transfer. The maximum amount of data moved during a 
burst is 16 bytes (four 4-byte transfers). The wait state 
and burst generation block inserts the appropriate num- 
ber of wait states during the bus cycle by driving RDY 
and BRDY active at the appropriate time. 


The M68000 family supports a 3-clock asynchronous 
cycle. The MC68030 also supports a 2-clock synchro- 
nous cycle that is similar to the 82596CA burst access. 


2.7.2 SINGLE-CYCLE 
BUS TRANSFERS 


The 82596 begins a cycle after the rising edge of CLK2 
(CLK for the 82596CA) by asserting ADS and driving 
W;R and the address lines (A31- A2) valid. The con- 
version PLD synchronizes ADS to the clock and gener- 
ates an address strobe (NEWAS). NEW AS is asserted 
during the same phase of the clock that a M68000 
would assert AS. NEW AS is also asserted during the 
second clock of the 82596 transfer. 


The wait state generator delays .the RDY signal to the 
82596 from going active. This provides time to meet the 
data setup and hold specifications. The 82596 requires 
that data be set up a few nanoseconds before the rising 
edge of its clock. The M68000 also requires a setup 
time; however, it is usually only one nanosecond. The 
system designer will need to make provision for, at the 
least, the 82596 data setup time plus an additional 2 ns 
for clock skew. If this cannot be met another wait state 
will be needed for all 82596 memory read cycles. This 
can be provided by modifying the PLD equations to 
delay the assertion of RDY by one or more clocks at 
the end of a read cycle. The 82596CA asserts Burst 
Last (BLAST) during the second clock of the first cy- 
cle, which indicates that the transfer is complete after a 
single cycle (the 82596DX and 82596SX do not use 
BLAST). 


2.7.3 BURST-CYCLE 
AND MULTIPLE-CYCLE 
BUS TRANSFERS 


The 82596CA tries to burst cycles for any bus request 
that requires more than a single data cycle to consecu- 
tive addresses. The starting address must begin on an 8- 
byte boundary (xxxxxxxOh or xxxxxxx8h). The fastest 
burst cycle for this design assumes that 80 ns inter- 
leaved DRAMs are being used, which are fast enough 
to allow new data to be strobed into the 82596CA on 
each clock. The burst cycle requires 4 clocks for the 
first data strobe; however, subsequent data strobes are 
returned with each clock. 


Burst cycles begin with the 82596CA driving a valid 
address and asserting ADS in the same manner as non- 
burst cycles. The 82596CA indicates that it is willing to 
enter a burst cycle by holding BLAST inactive during 
the second clock of the cycle. The ready logic then gen- 
erates a Cache Burst Request (NEWCBREQ) signal to 
the memory controller. If Cache Burst Acknowledge 
(CBACK) is returned active it indicates that the memo- 
ry can operate in burst mode. Then the ready logic 
waits for the Synchronous Termination (STERM) bus 
handshake 
signal, which indicates that 
the correct 
number of wait states has occurred and data is valid. 
When STERM is received the ready logic activates 
BRDY to the 82596CA, which indicates its willingness 
to allow a burst cycle. The 82596CA drives BLAST 
inactive for all but the last cycle in a burst. BLAST is 
driven active in the last cycle of the transfer to indicate 
that when either BRDY or RDY is next returned the 
transfer is complete. RDY is always returned in re- 
sponse to BLAST going active. 
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If the memory controller cannot perform a burst cycle 
CBACK will not go active and the ready logic will 
return RDY to the 82596CA, which indicates a non- 
burst multiple-cycle transfer will take place. Unlike the 
burst cycle, ADS will go active at the beginning of the 
second and all subsequent transfers in the multicycle 
transfer and RDY is used to end the cycle rather than 
BRDY. 


The two data acknowledge signals for the MC68030 
(DSACKO and DSACKl) can be combined because the 
82596CA only needs one RDY signal. Both DSACK 
signals connect to the inputs of an 74F08 AND gate. 


3.0 MC68030/82596CA INTERFACE 


3.1 Design Specifications 


This interface example is based on the following as- 
sumptions. 


• MC68030 CPU. 
• 82596CA LAN coprocessor. 
• 32-bit DRAM memory with burst capability. 
• DRAM refresh using CAS-befor~-RAS technique. 
• 33 and 25 MHz operating frequencies. 
• Interface logic implemented in PLDs where possi- 
ble. 


• 82596CA signals converted 
to MC68030 signal 
types. 


• Refresh request signal asynchronous 
to 33 MHz 
clock. 


• Burst accesses attempted whenever possible. 


NOTE: 
Many of the circuit elements (e.g., PLDs and flip- 
flops) in this design probably already exist in designs 
presently using the MC68030. The extra elements are 
provided only for completeness. The final design will 
probably require fewer circuit elements. 


3.2 Clocking 


This design uses a clock operating at 66 MHz. It is 
divided by a 74F74 flip-flop to generate two 33 MHz 
clocks from the Q and Q outputs: CLK 1 and CLK 1. 
The MC68030 uses CLKI, but the 82596CA and arbi- 
tration logic use CLKI. The clock-to-output-valid de- 
lay of the 74F74 is 3.8 to 7.8 ns. 
• 


3.3 Reset Retiming 


The 82596CA reset retiming block is the same as that 
shown in Figure 2. The synchronizing flip-flops are 
clocked by CLKI. There are two 82596CA specifica- 
tions for RESET that must be met: the setup time (T23) 
and the hold time (T24). The worst-case margin is 
shown in Table 6 (all times are in nanoseconds). 


3.4 CA and PORT Generator 


The CA and PORT generation block is the same as that 
shown in Figure 4 and is based on a 20R4 PLD (10 ns 
delay at 33 MHz, 15 ns dela.IJlt 25 MHz). At either 
speed it is clocked by CLK I. AS, the address lines, and 
HIADDR 
are examined at the rising edge of CLKI. 


The worst-case margin to this rising edge limits the 
maximum propagation delay of the secondary decoder. 
Each margin is calculated separately. 


Because AS is generated later than the address, it is 
checked first. The setup time margin to the PLD's flip- 
flop is calculated as follows (all times are in nanosec- 
onds). 


CLKl cycle - max MC68030 AS valid delay 
- max CLKI to CLKI skew 
- min PLD setup 


(3.1) 


At 33 MHz = 30 - 
15 - 
2 - 
10 = 3 ns 
(with 10 ns PLD) 


At 25 MHz = 40 - 
18 - 
2 - 
15 
5 ns 


(with 15 ns PLD) 


Table 6. 82596CA 
Worst-Case 
Reset Timing Margin 


82596CA 
Clock-to-Output 
Delay 
I 


Minimum 
Minimum 
I 


Margin 


Frequency 
Minimum 
Minimum 
Setup 
Hold 
Setup 
Hold 


(MHz) 
(nanoseconds) 


33 
3.8 
I 
7.8 
I 
8.0 
I 
3.0 
I 
14.2 
I 
0.8 


25 
3.8 
I 
7.8 
I 
10.0 
1 
3.0 
r 
22.2 
I 
0.8 
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The address has an additional margin because it is gen- 
erated almost one-half clock earlier. This additional 
margin is calculated as follows. 


CLKI cycle + CLKI high time 
- 
max MC68030 address valid delay 
- max CLKl to CLKl skew 
(3.2) 
- min PLD setup 


At 33 MHz = 30 + 15 - 
21 - 
2 - 
10 = 12 ns 


(with 10 ns PLD) 


At 25 MHz = 40 + 20 - 
25 - 
2 - 
15 
18 ns 
(with 15 ns PLD) 


Next, the worst-case setup and hold times to the 
82596CA are calculated for CA and PORT, which 
have identical timings. They go active based on the ris- 
ing edge of CLK 1. The setup margins are calculated as 
follows. 


CLKI cycle 
- max PLD output valid delay 
(3.3) 
- 
min 82596CA input setup 


At 33 MHz = 30 - 
7 - 
7 = 16 ns 
(with 10 ns PLD) 


At 25 MHz = 40 - 
12 - 
7 = 21 ns 
(with 15 ns PLD) 


The hold margins are calculated as follows. 


I 


min PLD output valid delay - 
min 82596CA input hold 
= 4 - 
3 = 1 ns (at 33 and 25 MHz) 


3.5 
Bus Arbiter 


The bus arbiter is implemented with a 20R8 PLD (10 
ns delay at 33 MHz, 15 ns delay at 25 MHz). At either 
speed, it is clocked by CLK1. The worst-case flip-flop 
setup margins to this rising edge is calculated as fol- 
lows. 


CLKl cycle - max 82596CA HOLD 
output valid 
(3.5) 
- 
min PLD input setup 


At 33 MHz = 30 - 
19 - 
10 = 1 ns 
(with 10 ns PLD) 


At 25 MHz = 40 - 
22 - 
15 = 3 ns 
(with 15 ns PLD) 


The signal BR does not need to meet any setup or hold 
times because it is internally 
synchronized 
by the 
MC68030. The PLD 
Q!£-flop setup time for BO is 
checked next. Because BO can go active 0 ns after the 


falling edge of CLKl, and because there can be up to 
2 ns of skew between CLKl and CLKI, it is not com- 
pletely safe to directly use BG in the arbiter PLD. In- 
stead it is run through one of the flip-flops.in the PLD 
to fully synchronize the signal. In the worst case, BG 
can go active about the same time as CLKI goes high. 
Because the PLD will not be clocked until the next 
rising edge of CLK 1, there will be at least one full clock 
cycle minus the PLD feedback delay for the output to 
reach a valid state. 


The unused macro-cell in the 20R8 can be used to in- 
vert LANCYC to create HLDA to the 82596CA. The • 
outputs of the arbiter, HLDA and REFCYC, are inter- 
nally synchronized at their destination, so no output 
timing analysis is required. 


3.6 
Memory Signal Conversion 


The memory signal conversion block is implemented as 
shown in Section 2.6. A 20R4 PLD (l0 ns delay at 
33 MHz, 15 ns delay at 25 MHz) is used to convert the 
82596CA-type control signals to MC68030-type con- 
trol signals. When the 82596CA does not have the bus 
all the outputs go to a high-impedance state. 


(3.4) 


The signals SIZl, SIZO, AI, and AO ~enerate~ 
usingsimple combinatorial decodes of BE3, BE2, BEl, 
and BEO.The delay will be identical to the PLD propa- 
gation 
delay. 
The 
signals 
NEW AS, 
NEWDS, 
NEWDBEN, 
and NEWR/W 
are generated by using 
the PLD's registered outputs, which are clocked by 
CLK 1. Their states are determined by the state of the 
82596CA's signals ADS, W/R, and RDY. 
. 


An 82596CA read or write cycle starts with ADS going 
active based on the rising edge of CLK1. NEW AS and 
NEWDBEN will go active on the next rising edge of 
CLK 1. If the cycle is a read cycle NEWDS will also go 
active. If it is a write cycle NEWDS will go active one 
clock later. In general, the signals go inactive based on 
RDY 
going active. To meet the data 
hold 
times 


NEWDBEN stays active one extra clock during a write 
cycle. NEWR/W 
is simply the inverted and registered 
W/R. 


The timing of the PLD is checked next. The 82596CA 
control signals must be valid in time to meet the setup 
requirements of the PLD's flip-flops. The margin is cal- 
culated as follows. 


CLKl cycle - max 82596CA output delay 
- PLD input setup 
(3.6) 


At 33 MHz = 30 - 
19 - 
10 = I ns 
(with 10 ns PLD) 


At 25 MHz = 40 - 
22 - 
15 = 3 ns 
(with 15 ns PLD) 


1-507 


inter 
AP-344 


NEW AS goes active based on the rising edge of CLK I, 
which is the same as the falling edge of CLKl. 
The 
PLD clock to output valid delay is 3 to 7 ns maximum 
at 33 MHz and 4 to 12 ns maximum at 25 MHz. The 
skew between the clocks will be - 2 to +2 ns. This 
translates to a I to 5 ns delay at 33 MHz and 2 to 10 ns 
delay at 25 MHz, which is within the MC68030 specifi- 
cations of 2 to 10 ns. 


ECS and OCS are generated by taking ADS and run- 
ning it through a tri-state buffer (74F244) that is en- 
able<!..!?LHLDA. When the 82596CA has the bus ECS 
and OCS will go active about 4 to 8 ns after ADS goes 
active. 


3.7 Wait State and Burst Generator 


3.7.1 GENERAL 
INFORMATION 


The 82596CA supports three types of bus transfers: sin- 
gle cycle, multiple cycle, and burst. Each bus cycle is at 
least two clocks long and begins with ADS going active 
during the first clock and RDY active in the last clock. 
A bus cycle contains one or more data transfers, each of 
which can be up to 32 bits. Burst cycles can contain as 
many 
as four 
data 
transfers, 
thus, 
the maximum 
amount of data moved during a burst is 16 bytes (4 
transfers of 4 bytes each). The wait state and burst gen- 
eration block inserts the proper number of wait states 
during the bus cycle. For this design it was assumed 
that the DRAM would allow for zero wait state access- 
es for the second through fourth data transfers during a 
burst cycle. If slower DRAMs are used, wait states will 
need to be inserted in the DSACK and RDY genera- 
tion circuits. 


3.7.2 SINGLE 
CYCLE 
TRANSFERS 


The fastest single cycle transfer in this design requires 
three clocks for the 82596CA. The 82596CA initiates a 
cycle after the rising edge of CLKI by asserting ADS 
and driving W/'R and the address lines (A31-A2) val- 
id. The conversion PLD synchronizes ADS and gener- 
ates an address strobe (NEW AS). NEW AS is asserted 
during the same phase of the clock that a MC68030 
would assert AS. NEW AS is also asserted during the 
second clock of the 82596CA transfer. 


The wait state generator delays the RDY signal to the 
82596CA. This provides enough time to meet the data 
setup and hold specifications. The 82596CA requires 
that data be valid at least 5 ns before the rising edge of 
its clock. The MC68030 requires only a I ns setup to its 
clock. The system designer will need to guarantee that 


the 82596CA has at least a 5 ns data setup to this edge, 
plus 2 ns for the clock skew. If this cannot be met, 
another wait state will be needed for all 82596 memory 
read cycles. This can be done by modifying the PLD 
equations to delay the assertion ofRDY by one or more 
clocks. The 82596CA asserts Burst Last (BLAST) dur- 
ing the second clock of the first cycle, which indicates 
that the transfer is complete after a single cycle. 


3.7.3 BURST 
CYCLE 
BUS TRANSFERS 


The 82596CA attempts burst cycles for any bus request 
that requires more than a single data cycle to consecu- 
tive addresses. The starting address must begin on an 8- 
byte boundary (xxxxxxxoh 
or xxxxxxxsh). 
The fastest 
burst cycle for this design assumes 80 ns interleaved 
DRAMs, which allow new data to be strobed into the 
82596CA on each clock: The burst cycle requires four 
clocks for the first data strobe, but subsequent data 
strobes are returned with each clock. 


Burst cycles begin with the 82596CA driving a valid 
address and asserting ADS in the same manner as non- 
burst cycles. The 82596CA indicates that it is willing to 
enter a burst cycle by holding BLAST inactive in the 
second clock of the cycle. The ready logic then gener- 
ates a cache burst request (NEWCBREQ) signal to the 
memory controller. If the cache burst acknowledge sig- 
nal (CBACK) is returned active it indicates that the 
memory can operate in burst mode. The ready logic 
then waits for the synchronous termination (STERM) 
bus handshake signal, which indicates that the correct 
number of wait states has occurred and data is valid. 
The ready logic then activates BRDY to the 82596CA 
to indicate its willingness to permit a burst cycle. The 
82596CA drives BLAST inactive for all but the last 
cycle in a burst. BLAST is driven active in the last 
cycle of the transfer to indicate that when RDY or 
BRDY is next returned the transfer is complete. RDY 
is always returned in response to BLAST going active. 


If the memory controller cannot perform a burst cycle 
CBACK will not go active and the ready logic will 
return RDY to the 82596CA to indicate a nonburst 
multiple-cycle transfer will take place. This bus transfer 
is simply a sequence of two or more single cycle trans- 
fers. Unlike the burst cycles, ADS goes active during 
the first clock of the second through fourth data trans- 
fers. The timing margins for these cycles are identical 
to those for nonburst single cycle transfers. 


Because the 82596CA requires only one RDY signal, 
the two data acknowledge signals for the MC68030 
(DSACKO and DSACKI) 
can be combined. 
Both 
DSACK signals connect to the inputs of an 74F08 
AND gate. 
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4.0 
MC68020/82596DX 
INTERFACE 
4.2 Clocking 


4.1 
Design Specifications 


This interface example is based on the following as- 
sumptions. 


• MC68020 CPU. 
• 82596DX LAN coprocessor. 
• 32-bit DRAM memory without burst capability. 
• DRAM refresh using CAS-before-RAS technique. 


• 33 MHz operating frequency. 
• Interface logic implemented in PLDs where possi- 
ble. 


• 82596DX signals converted 
to MC68020 signal 
types. 


• Refresh request signal asynchronous 
to 33 MHz 
clock. 


NOTE: 
Many of the circuit elements (e.g., PLDs and .flip- 
flops) in this design probably already exist in designs 
presently using the MC68020. The extra elements are 
provided only for completeness. The final design will 
probably require fewer circuit elements. 


This design uses a clock operating at 66 MHz. The 
66 MHz clock, CLK2, is directly by the 82596DX. It is 
divided by a 74F74 flip-flop to generate two 33 MHz 
clocks from the Q and Q outputs: CLK 1 and CLK 1. 
The MC68020 uses CLKl, 
but the arbitration 
logic 
uses CLK1. The clock-to-output-valid 
delay of the 
74F74 is 3.8 to 7.8 ns. The rising edge of CLKl corre- 
sponds to the rising edge of CLK2 at the beginning of 


<1>1. 


4.3 
Reset Retiming 


The 82596DX reset retiming block is shown in Figure 
11. The synchronizing flip-flops are clocked by CLK2. 
There are two 82596DX specifications for RESET that 
must be met: the setup time (T23) and the hold time 
(T24). The worst-case margin is shown in Table 7. 


RESET 
o 
o 


CLK2- ..•...•------' 
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Figure 11. Reset Retlmlng 
Block 


Table 7. 82596DX/SX 
Worst-Case 
Reset Timing Margin 
- 


82596 
Clock-to-Output 
Delay 
Minimum 
Minimum 
Margin 


Frequency 
Minimum 
Maximum 
Setup 
Hold 
Setup 
Hold 


(MHz) 
(nanoseconds) 


33 
3.8 
7.8 
8.0 
3.0 
14.2 
0.8 


25 
3.8 
7.8 
10.0 
3.0 
22.2 
0.8 


16 
3.8 
7.8 
13.0 
4.0 
45.2 
-0.2 
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4.4 CA and PORT Generator 
The hold margins are calculated as follows. 


The CA and PORT generation block is the same as that 
shown in Figure 4 and is based on a 20R4 PLD (10 ns 
delay a~ 
MHz, 15 ns delay at 25 MHz) clocked by 
CLK!. AS, the address lines, and HIADDR are exam- 
ined at the rising edge of CLKI. The worst-case margin 
to this rising edge limits the maximum propagation de- 
lay of the secondary decoder. Each margin is calculated 
separately. 


Because AS is generated later than the address, it is 
chec~ed first. The setup time margin to the PLD's flip- 
flop IS calculated as follows (all times are in nanosec- 
onds). 


CLKI cycle - max MC68020 AS valid delay 
- max CLKI to CLKI skew 
(4.1) 
- 
min PLD setup 


At 33 MHz = 30 - 
15 - 
2 - 
10 = 3 ns 
(with 10 ns PLD) 
. 


At 25 MHz = 40 - 
18 - 
2 - 
15 = 5 ns 
(with 15 ns PLD) 


The address has an additional margin because it is gen- 
erated almost one-half clock earlier. This additional 
margin is calculated as follows. 


CLKI cycle + CLKIlow 
time 


- 
max MC68020 address valid 
delay 
(4.2) 


- 
max CLKI to CLKI skew 


- 
min PLD setup 


At 33 MHz = 30 + 15 - 
21 - 
2 - 
10 = 12 ns 
(with 10 ns PLD) 


At 25 MHz = 40 + 20 - 
25 - 
2 - 
15 = 18 ns 
(with 15 ns PLD) 


Next, the worst-case setup and hold times to the 
82596DX are calculated for CA and PORT, which 
have identical timings. They go active based on the ris- 
ing edge of CLK!. The setup margins are calculated as 
follows. 


CLKI cycle - max PLD output valid delay 
- min 82596DX input setup 
(4.3) 
- 
max CLK2 to CLK I clock skew 


At 33 MHz = 30 - 
7 - 
7 - 
7.8 = 8.2 ns 
(with 10 ns PLD) 


At 25 MHz = 40 - 
12 - 
7 - 
7.8 = 13.2 ns 
(with 15 ns PLD) 


PLD output valid delay - min 82596DX input hold 
+ min CLK2 to CLKI skew 
(4.4) 
= 4 - 
3 + 3.8 = 4.8 ns (at 33 and 25 MHz) 


4.5 
Bus Arbiter 


The bus arbiter is implemented with a 20R8 PLD 
(10 ns delay at 33 MHz, 
15 ns delay at 25 MHz) 
clocked by CLK!. The worst-case margins to this rising 
edge is calculated as follows. 


CLKI cycle + min CLK2 to CLKI skew 
- max 82596DX HOLD output 
(4.5) 
valid 
- 
min PLD input setup 


At 33 MHz '= 30 + 3.8 - 
19 - 
10 = 4.8 ns 
(with 10 ns PLD) 


At 25 MHz = 40 + 3.8 - 
22 - 
15 = 7.8 ns 
(with 15 ns PLD) 


The signal BR does not need to meet any setup or hold 
times because it is internally 
synchronized 
by the 
MC68020. The .PLD !!!E.-flopsetup time for BG is 
checked next. Because BG can go active 0 ns after the 
falling edge of CLK I, and because there can be up to 2 
ns of skew between CLKI and CLKI, it is not com- 
pletely safe to directly use BG in the arbiter PLD. In- 
stead it is run through one of the flip-flops in the PLD 
to fully synchronize the signal. In the worst case, BG 
can go active about the same time as CLKI goes high. 
Because the arbiter's flip-flop will not be clocked until 
the next rising edge of CLK I, there will be a full clock 
cycle minus the PLD feedback delay for the output to 
reach a valid state. 


The outputs of the arbiter, LANCYC and REFCYC 
are internally synchronized at their destination, so no 
output timing analysis is required. An external inverter 
is required for LANCYC 
to create HLDA 
to the 
82596DX. If the PLD has an internal inverter then this 
will not be required. 


4.6 
Memory Signal Conversion 


The memory signal conversion block is implemented as 
shown in Section 2.6. A 20R4 PLD (10 ns delay at 
33 MHz, 15 ns delay at 25 MHz) is used to convert the 
82596DX-type control signals to MC68020-type con- 
trol signals. When the 82596DX does not have the bus 
all the outputs go to a high-impedance state. 
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The signals SIZI, SIZO, AI, and AO ~enerated 
by 
usin~ple 
combinatorial decodes of BE3, BE2, BEl, 
and BED.The delay will be identical to the PLD propa- 
gation 
delay. 
The 
signals 
NEW AS, 
NEWDS, 
NEWDBEN, 
and NEWR/W 
are generated by using 
the PLD's registered outputs, which are clocked by 
CLK!. Their states are determined by the state of the 
82596DX's signals ADS, WfR, and RDY. 


An 82596DX read or write cycle starts with ADS going 
active based on the rising edge of CLK I. NEW AS and 
NEWDBEN will go active on the next rising edge of 
CLK!. If the cycle is a read cycle NEWDS will also go 
active. If it is a write cycle NEWDS will go active one 
clock later. In general, the signals go inactive based on 
RDY 
going active. To meet the data hold 
times 
NEWDBEN stays active one extra clock during a write 
cycle. NEWR/W 
is simply the inverted and registered 
WfR. 


The timing of the PLD is checked next. The 82596DX 
control signals must be valid in time to meet the setup 
requirements of the PLD's flip-flops. The margin is cal- 
culated as follows. 


CLK I cycle + min CLK2 to CLK I skew 
- max 82596DX output delay 
- PLD input setup 
(4.6) 


At 33 MHz = 30 + 3.8 - 
19 - 
10 = 4.8 ns 
(with 10 ns PLD) 


At 25 MHz = 40 + 3.8 - 
22 - 
15 
(with 15 ns PLD) 
7.8 ns 


NEWAS goes active based on the rising edge ofCLKI, 
which is the same as the falling edge of CLK!. 
The 
PLD clock to output valid delay is 2 to 7 ns maximum. 
The skew between the clocks will be - 2 to + 2 ns. This 
translates to a 0- to 5 ns delay, which is. within the 
MC68020 specifications of 2 to 10 ns. 


ECS and OCS are generated by taking ADS and run- 
ning it through a tri-state butTer (74F244) that is en- 
abled by HLDA. When the 82596DX has the bus ECS 
and OCS will go active about 8 ns after ADS. 


4.7 Wait State Generator 


Each 82596DX bus cycle is at least two clocks long and 
begins with ADS going active during the first clock and 


RDY active in the last clock. The wait state block in- 
serts the proper number of wait states during the bus 
cycle by delaying the RDY signal to the 82596DX. The 
fastest single transfer 
in this design requires three 
clocks for the 82596DX. This provides enough time to 
meet the data 
setup and 
hold 
specifications. The 
82596DX requires that data be valid at least 5 ns before 
the rising edge of its clock. The MC68020 requires only 
a I ns setup to its clock. The system designer will need 
to guarantee that the 82596DX has at least a 5 ns data 
setup to this edge, plus 2 ns for the clock skew. If this 
cannot be met, another wait state will be needed for all 
82596DX memory read cycles. This can be done by 
modifying the PLD equations to delay the assertion of 
RDY by one or more clocks. 


Because the 82596DX requires only one RDY signal, 
the two data acknowledge signals for the MC68020 
.(DSACKO and DSACKI) 
can be combined. 
Both 
DSACK signals connect to the inputs of an 74F08 
AND gate. 


5.0 
MC68000/82596SX 
INTERFACE 


5.1 
Design Specifications 


This interface example is based on the following as- 
sumptions. 


• MC68000 CPU. 
• 82596SX LAN coprocessor. 


• 
16-bit DRAM memory without burst capability. 


• DRAM refresh using CAS-before-RAS technique. 
• 
16 MHz operating frequency. 
• Interface logic implemented in PLDs where possi- 
ble. 


• 82596SX signals converted 
to 
MC68000 
signal 
types. 


• Refresh request signal asynchronous 
to 16 MHz 
clock. 


NOTE: 
Many of the circuit elements (e.g., PLDs and flip- 
flops) in this design probably already exist in designs 
presently using the MC68000. The extra elements are 
provided only for completeness. The final design will 
probably require fewer circuit elements. 
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5.2 Clocking 
5.5 Bus Arbiter 


This design uses a clock operating at 32 MHz. The 
32 MHz clock, CLK2, is used directly by the 82596SX. 
It is divided by a 74F74 flip-flop to generate two 
16 MHz clocks from the Q and Q outputs: CLKI and 
CLK1. The MC68000 uses CLKI, but the arbitration 
logic uses CLK1. The c1ock-to-output-valid delay of 
the 74F74 is 3.8 to 7.8 ns. The rising edge of CLKI 
corresponds to the rising edge of CLK2 at the begin- 
ning of </>1. 


5.3 
Reset Retiming 


The 82596SX reset retiming block is shown in Figure 
11. The synchronizing flip-flops are clocked by CLK2. 
There are two 82596SX specifications for RESET that 
must be met: the setup time (T23) and the hold time 
(T24). The worst-case margin is shown in Table 7 (all 
times are in nanoseconds). 


5.4 CA and PORT Generator 


The CA and PORT generation block is the same as that 
shown in Figure 4 and is based on a 20R4-15 PLD 
clocked by CLK1. AS, the address lines, HIADDR, 
LDS, and CLKI are decoded in a combinatorial mac- 
ro-cell of the 20R4. The macro-cell output is sent to the 
input of one of the registered macro-cells, which is 
clocked at the rising edge of CLK1. Since propagation 
delay through the PLD is much less than the CLKI 
cycle time, there will be a large margin on the flip-flop 
setup time. 


Next, the worst-case setup and hold times to the 
82596SX are calculated. The 82596SX timings are iden- 
tical for both CA and PORT. They go active based on 
the rising edge of CLK1. The setup margins are calcu- 
lated as follows. 


CLK I cycle - max PLD output 
- min 82596SX input setup 
(5.1) 
- 
max CLK2 to CLKI skew 
= 66 - 
12 - 
11 - 
7.8 = 35.2 ns 


Margins are calculated as follows. 


- 
min PLD output valid delay 


- min 82596SX input hold 
+ max CLK2 to CLK I skew 
= 4 - 
6 + 3.8 = 1.8 ns 


(5.2) 


The bus arbiter is implemented with a 20R8-l5 PLD 
clocked by CLK1. The worst-case margins to this rising 
edge is calculated as follows. 


CLK I cycle - max 82596SX output 


- min PLD input setup 
(5 3) 
+ min CLK2 to CLKI skew 
.. 


= 66 - 
32 - 
15 + 3.8 = 22.8 ns 


The signal BR does not need to meet any setup or hold 
times because it is internally 
synchronized 
bLthe 
MC68000. The PLD !!iE,-flop setup time for BG is 
checked next. Because BG can go active 0 ns after the 
falling edge of CLKl, and because there can be up to 2 
ns of skew between CLKI and CLKI, it is not com- 
pletely safe to directly use BG in the arbiter PLD. In- 
stead it is run through one of the flip-flops in the PLD 
to fully synchronize the signal. In the worst case, BG 
can go active about the same time as CLKI goes high. 
Because the arbiter's flip-flop will not be clocked until 
the next rising edge of CLKl, there will be almost 60 ns 
for the output to reach a valid state. 


The outputs of the arbiter, LANCYC and REFCYC, 
are internally synchronized at their destination, so no 
output timing analysis is required. An inverter is re- 
quired for LANCYC to create HLDA to the 82596SX. 
If the PLD has an internal inverter then this will not be 
required. If not, one of the unused macrocells in the 
20R8 can be used to perform the inversion. 


5.6 
Memory Signal Conversion 


The memory signal conversion block is implemented as 
shown in Section 2.6. A 20R4-15 PLD is used to con- 
vert the 82596SX-type control signals to MC68000- 
type control signals. When the 82596SX does not have 
the bus all the outputs go to a high-impedance state. 


The signals UDS, LDS, and A I are generated by using 
simple combinatorial decodes of BHE and BLE. The 
delay will be identical to the PLD propagation delay, 
which 
is 
15 ns maximum. 
The 
s~als 
NEWAS, 


NEWDS, NEWDBEN, and NEWR/W 
are generated 
by using the PLD's 
registered outputs, 
which are 


clocked by CLK1. Their states are determined by the 
state of the 82596SX's signals ADS, RDY, and W;R. 


An 82596SX read or write cycle starts with ADS going 
active based on the rising edge of CLK2. NEW AS and 
NEWDBEN will go active on the next rising edge of 
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5.7 Wait State Generator 
CLKl. 
Ifthe 
cycle is a read cycle NEWDS 
will also go 
active. 
If it is a write cycle NEWDS 
will go active one 


clock later. 
In general, 
the signals go inactive 
based on 
RDY 
going 
active. 
To 
meet 
the 
data 
hold 
times 
NEWDBEN 
st~s 
active one extra clock during 
a write 
cycle. NEWR/W 
is simply 
the inverted 
and registered 
W/R. 


The timing 
of the PLD 
is checked 
next. The 82596SX 
control 
signals 
must be valid in time to meet the setup 
requirements 
of the PLD's 
flip-flops. 
The margin 
is cal- 
culated 
as follows. 


CLKl 
cycle + min CLK2 
to CLKl 
skew 
- 
max 82596SX output 
delay 
(5.4) 
- 
PLD 
input 
setup 
= 66 + 3.8 - 
36 - 
15 = 18.8 ns 


NEW AS goes active based on the falli~ 
of CLKI, 


which is the same as the rising edge of CLKl. 
The PLD 
clock to output 
valid delay is 5 to 12 ns maximum. 
The 
skew between 
the 
clocks 
will be 
- 2 to + 2 ns. This 
translates 
to a 3 to 
14 ns delay, 
which 
is within 
the 
MC68000 
specifications 
of 3 to 40 ns. 


ECS and OCS are generated 
by taking 
ADS 
and run- 
ning 
it through 
a tri-state 
buffer 
(74F244) 
that 
is en- 
abled~ 
HLDA. 
When 
the 82596SX 
has the bus ECS 
and OCS will go active 
about 
8 ns after ADS. 


The 82596SX 
bus cycle is at least two clocks 
long and 
begins with ADS going active during 
the first clock and 
RDY 
active in the last clock. The wait state generation 
block 
inserts 
the proper 
number 
of wait states 
during 
the bus cycle. For 
this design 
it was assumed 
that 
the 
DRAM 
would 
allow 
for 
zero 
wait 
state 
accesses. 
If 
slower 
DRAMs 
are used, 
wait 
states 
will need 
to be 
inserted 
in the DSACK 
and RDY 
generation 
circuits. 


The fastest 
single cycle transfer 
in this design 
requires 


three clocks 
for the 82596SX. 
The wait state generator 
delays 
the RDY 
signal to the 82596SX. 
This 
provides 


enough 
time to meet the data setup and hold specifica- 
tions. The 82596SX 
requires 
that data be valid at least 
5 ns before 
the rising 
edge of its clock. 
The MC68000 
requires 
only a 1 ns setup 
to its clock. 
The system 
de- 
signer 
will need to guarantee 
that 
the 82596SX 
has at 
least a 5 ns data 
setup 
to this edge, plus 
2 ns for the 
clock 
skew. 
If this cannot 
be met, 
another 
wait 
state 
will be needed 
for all 82596 memory 
read cycles. This 
can be done by modifying 
the PLD 
equations 
to delay 
the assertion 
of RDY 
by one or more clocks. 
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A.2 MC68020/82596DX 
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APPENDIX 
B 
PLD EQUATIONS 


Several conventions are used in the PLD equations. 
These are designed to make the equations easier to un- 
derstand. 
In general the equations are designed for 
PLD's with fixed macro-cells. If programmable macro- 
cells are available, then some reduction will be possible. 


Pin signal name assignments are followed by a com- 
ment indicating the pin type: 


• Input = I 
• Combinatorial input/output 
= I/O 


• Registered input/output 
= R, I/O 


Names for active low signals are followed by an under- 
score. For example, AS_ 
is an active low signal and 
BREQ is an active high signal. 


Logical operators are defined as: 


• Logical AND = & 
• Logical OR = 
# 


• Logical NOT = ! 


Where possible, state and truth table formats are used. 


General comments start with a • in the left-most col- 
umn. Specific Comments appear on the same line as the 
individual equations or terms within the equation. If 
there is not room on the right side for the comment to 
fit on the same line, then it will be indented on the 
following line. 


1-518 


AP-344 


B.l MC68030/82596CA 


Module ARB 
FLAG' -R3'; 
Title 
,82596CA Arbitration 
for Local Bus 
DOCTOR DESIGN, 
San Diego, CA 
PLD20R8-10'; 


Rev. B 
02/20/90 


Descrption 
**********************. 
" *********** ••******** 
••• 


FOR: 
82596CA / 68030 Interface 


This PLD arbitrates between the CPU, the LAN Controller 
and 
the Refresh 
requestor for the local bus. 
Refresh 
requests are 
given highest priority, 
and the 82596 requests given second 
highest priority. 
The CPU normally controls the local bus 
when no requests are pending. 


Requestors 
are granted the bus by using the inverted CPU clock 
(CLK1). 
Since CLK1 
is also used in the equations, 
it must 
connected 
with a separate pin with a separate name 
(CCLK1_). 


The refresh request 
(RFRQ_) is assumed to be an active low 
signal having the required 
12 ns set-up to the inverted clock 
(CLK1 ). 
If this set-up cannot be guaranteed, 
the request 
must be synchronized 
through an external 
flip-flop, clocked 
with CLK1_. 


SBG_ is the synchronized 
68030 Bus Grant 
(BG_) signal. 


HLDA is the inverted LANCYC*. 
Due to a lack of p-terms, HLDA 
will be delayed by 1 clock. 
If a PLD with inverter outputs is 
available,. then LANCYC* can be inverted and used directly as 
HLDA. 


The Bus Request 
signal, BREQ, and Backoff, BOFF, are used to 
activiate 
the Bus Throttle Timers and backoff 
function. 
The 
equations 
are included but the outputs are always set 
inactive. 
It is left to the system designer to define 
input 
conditions 
for this signal. 


The two states LAN OFF and LAN_RF can be used if the external 
circuitry .cannot guarantee 
that the 82596 will get off the bus 
in time to do refresh cycles. 
If these states are used, a 
larger PLD will be needed to generate the BGACK to the 68030. 


UNUSED 
INPUT 
PINS 
5 
UNUSED OUTPUT PINS 
(REGISTERED) 
0 
UNUSED OUTPUT PINS 
(COMBINATORIAL) 
0 


"------------_._._-----------------_ 
..._--------------*********** 
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arb Device 
'P20R8'; 


CLK1 
Pin 
1; "I" 
VCC 
Pin 24; 
CCLK1_ 
Pin 
2; "I"' 
NC5 
Pin 23; "I" 
AS- 
Pin 
3; "I" 
SBG_ 
Pin 22: "R, I/O" 
HOLD 
Pin 
4: "I" 
BREO 
Pin 21: "R, I/O" 
LOCK 
Pin 
5: "I" 
LlINCYC~ 
Pin 20: "R, I/O" 
NC1 
Pin 
6: "I" 
BR..:.. 
Pin 19: "R, I/O" 
BG_ 
Pin 
7; "I" 
BGACK_ 
Pin 18: "R, I/O" 
NC2 
Pin 
8: "I" 
BOFF_ 
Pin 17: "R, I/O" 
RFRQ_ 
Pin 
9: "I" 
RFCYC_ 
Pin 16: "R, I/O" 
NC3 
Pin 
10: "I" 
,HLDA 
Pin 15; "R" I/O" 
RESET 
Pin 
11: "I" 
NC4 
Pin 14; "I" 
GND 
Pin 
12: 
OE_ 
Pin 13: "I" 


MODE 
(BR_, BGACK_, 
RFCYC_, 
LlINCYC_, BOI!'F_] 
: 


IDLE 
(1,1,1,1,1]; 
REO 
(0,1,1,1,1]: 
" Generic 
request to CPU for local bus. 
RF_CYC 
(1,0,0,1,1]; 
" Refresh 
request has ~en 
granted. 
LlIN_CYC 
(1,0,1,0,1]; 
" LlIN request has been granted. 
PRE_CHG 
(1,0,1,1,1]; 
" Required 
for back-to-back 
cycles. 


The following 
two lines are used only if the 82596 is requi~ed to 
be kicked off the bus. 
Most designs 
will not re,quire'these states. 


[1,0,1,0,0]; 
(1,0,0,1,0] : 
Refresh 
Request 
forces 82596 off bus. 
Refresh 
Request 
returns control to 82596 


Equations 


BREO 
:- 0: 
" Bus Throttle 
conditions 
will need to be 
" defined 
by the system designer. 


" Set 'synchronized bus grant during high clock 
to phase meet 
setup to ARB PLD. 
" Hold until processor 
bus grant goes away. 
" Hold through 
low clock phase to met setup. 
f 
!SBG_ 
& 
!BG_ 
f 
!SBG_ & !CCLK1_ 


n Create HLDA from inve'rted LlINCYC_. 
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MODE 
:- RESET' 
IDLE; 
"Initialize 
state machine to IDLE State on reset. 


State_Diagram 
IN arb MODE 


state IDLE 
IF (!RFRO_ t HOLD) THEN REO 
ELSE IDLE; 


CASE 
(!RFRO_ , !SBG ) 
(HOLD , RFRO_' 
!SBG_) 
(!«!RFRO_', 
!SBG_) 
t 
(HOLD , RFRO_ , SBG_») 
ENDCASE; 


state REO 
:RF_CYC; 
:LAN_CYC; 


:REO; 


CASE 
(RFRO_' 
!HOLD , SOO_) 
(RFRO_ , HOLD) 
(!RFRO_) 
ENDCASE; 


:IDLE; 
:PRE_CHG; 
:RF_CYC; 


state LAN_CYC 
CASE 
(!HOLD , RFRO_ , !LOCK , SBG_) 
:IDLE; 
(!HOLD , !RFRO_ , !LOCK) 
:PRE_CHG; 
( HOLD , !RFRO_ , !LOCK) 
:LAN_Off; 
( HOLD , RFRO_) 
:LAN_CYC; 
ENDCASE; 


state PRE_CHG 
CASE 
( RFRO_ , !HOLD , !LOCK , Soo_) 
:IDLE; 
(!RFRO_ , !LOCK) 
:RF_CYC; 
( RFRO_ , 
HOLD) 
:LAN_CYC; 
( RFRO_ , !HOLD , !LOCK , !SOO_) 
:PRE_CHG; 
ENDCASE; 


state LAN_OFF 
IF (!HOLD) THEN LAN_RF 
ELSE LAN_OFF; 


IF (RFRO_) THEN LAN_CYC 
ELSE LAN_RF; 


n 
******************* 
Revision 
History 
************************ 


, 
Rev. A 
01/03/90 - KKP - First Version 
Rev. B 
02/20/90 - KKP - Put BG_ Synchroniziation 
into PLD. 


" *************************************************************** 


end ARB 
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comb1nator~aJ. 
UU"", 
•. ii,,,\o.g. 
•. •• _~ 
_ 


inputs. 
an extra 
then 
the 
decoder. 


NC5 
is a standard 
input 
that 
is also 
available 
as 
address 
term. 
If even more 
decode 
lines 
are 
required, 
HIADDR 
input 
is for the output 
of the external 
This decode 
must 
be done 
in less than 
16 ns. 


In the 
line ADDR 
- 
[A09,A08, .•.•], the values 
for A09-AOl 
should 
be set high 
or low 
(inverted) 
for the desired 
range. 
The decode 
values 
for CA_ACC 
and PORT_ACC 
(110 and 220) 
are 
arbitrary 
and can be modified 
as needed. 


50_ and 
51 
are state 
bits 
used 
for generating 
wait 
states 
for 
PORT_ 
assertion. 


UNUSED 
INPUT 
PINS 
1 
UNUSED 
OUTPUT 
PINS 
(REGISTERED) 
0 
UNUSED 
OUTPUT 
PINS 
(COMBINATORIAL) 
4 


" ***********************************************.*************** 


caport 
Device 
'P20R4' ; 


CLK1_ 
Pin 
1; "I" 
VCC 
Pin 24; 
AS_ 
Pin 
2; "I" 
HIADDR 
Pin 
23; 
"I" 
AOl 
Pin 
3; "I" 
NCl 
Pin 
22; 
"I/O" 
A02 
Pin 
4; "I" 
NC2 
Pin 
21; 
"I/O" 
A03 
Pin 
5; "I" 
CA 
Pin 
20; 
"R,I/O" 
A04 
Pin 
6; "I" 
SO- 
Pin 
19; "R,I/O" 
A05 
Pin 
7; "In 
51- 
Pin 
18; "R,I/O" 
A06 
Pin 
8; "I" 
PORT_ 
Pin 
17; "R,I/O" 
A07 
Pin 
9; "In 
NC3 
Pin 
16; "I/O" 
A08 
Pin 
10; "I" 
NC4 
Pin 
15; "I/O" 
A09 
Pin 
11; "I" 
NC5 
Pin 
14; "1" 
GNP 
Pin 
12; 
OE- 
Pin 
13; "I" 
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"Declarations 


x,c 
.x., .C.; 


[A09,A08,A07,A06,A05,A04,A03,A02,A01,X,X,X]; 


(ADDR 
Ah110) , HIADDR' 
!AS_ }; 


ADDR 


CA_ACC 
MACRO 


n User defined address. 


(ADDR 
Ah220) , HIADDR , !AS_ }; 


MODE 
- [CA,PORT_,SO_,Sl_]; 


IDLE 
[ 1, 
1, 
1 , 1 ] ; 
PORT_SET - [ 1, 
0, 
1 
1 ] ; 
••Set PORT_ to 82596. 
PORT_HLD1 
[ 1, 
0, 
0 
1 ] ; 
••Hold for one clock state. 
PORT_HLD2 
[ 1, 
0, 
0 
0 ] ; 
••Hold for a second clock state. 
ACCESS_OFF- 
[ 1, 
1, 
0 
0 ] ; 
••Deassert PORT_ and CA. 
CA_SET 
- 
[ 0, 
1, 
1 
1 ] ; 
••Set CA to 82596. 
CA_HLD1 
[ 0, 
1, 
0 
1 ] ; 
n Hold for one clock state. 
CA_HLD2 
[ 0, 
1, 
0 
0 ] ; 
n Hold for a second clock state. 


Equations 


State_Diagram 
IN caport MODE 


state IDLE 


state PORT_SET 


state PORT_HLD1 


state PORT_HLD2 


state ACCESS_OFF 


state CA_SET 


state CA_HLD1 


state CA_HLD2 


: CASE 
(PORT_ACC) 
(CA_ACC) 
(!(PORT_ACC f CA_ACC)} 
ENDCASE; 


:PORT_SET; 
:CA_SET; 
:IDLE; 


GOTO ACCESS_OFF; 


IF AS_ THEN IDLE 
ELSE ACCESS_OFF; 


GOTO CA_HLD2; 


GOTO ACCESS_OFF; 


Rev. A 


n **************** 
Revision History 
*************************** 


1/3/90 - KKP - First Version. 


" *************************************************************** 


end CAPORT 
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Module CNVRT 
FLAG '-R3'; 
Title '82596CA Signal Conversion 
DOCTOR DESIGN, San Diego, CA 
PL020R4-l0'; 


Rev. A 
01/03/90 


Descrption 
.********************** 
n ************************ 


FOR: 
82596CA / 68030 Interface 


This PLO converts the 82596 signals to 68030 type signals. 


DELAYAS_ is generated in the RDY PLO to delay AS 
until it is 
known whether a multiple 
or burst transfer is to take place. 


A PLO 20R4 was used in this example, requiring seperate 
output enables 
(LANCYC_ and LANCYC2_, connected external to 
the PLO) for the registered and latched outputs. 


" 


NEWR1I_,NE1IAS_, NEWDS_, and NEWDBEN_ are registered outputs. 
NEWSIZO, NEWSIZ1, NEWAO, and NEWA1 are combinatorial 
outputs. 
All of these signals w~ll be enabled when the 82596 has 
control of the local bus, otherwise they will be tri-stated. 


The combinatorial 
outputs are generated using a truth table. 
For completeness, default settings are included for the 
impossible BE' input combinations. 


UNUSED INPUT 
PINS 
3 
UNUSED OUTPUT PINS 
(REGISTERED) 
0 
UNUSED OUTPUT PINS 
(COMBINATORIAL) 
0 


w 
****************************************.********************** 


cnvrt Device 
'P20R4'; 


eLKl- 
Pin 
1; "I" 
VCC 
Pin 24; 
NC1 
Pin 
2; "I" 
RDY_ 
Pin 23; "I" 
DELAYAS_ Pin 
3; "I" 
NEwAO 
Pin 22; "I/O" 
BE0_ 
Pin 
4; "I" 
NEWSIZO 
Pin 21; "I/O" 
BE1_ 
Pin 
5; "I" 
NEWRW_ 
Pin 20; "R,I/O" 
BE2 
Pin 
6; "I" 
NEWAS_ 
Pin 19; "R,I/O" 
BE3_ 
Pin 
7; "I" 
NEWDS_ 
Pin 18; "R,I/O" 
WR_ 
Pin 
8; "I" 
NEWDBEN_ 
pin 17; "R,I/O" 
NC2 
Pin 
9; "I" 
NEWSIZ1 
Pin 16; "I/O" 
NC3 
Pin 
10; "I" 
NEWA1 
Pin 15; "I/O" 
NEWCBRO_ Pin 
11; "I" 
LANCYC2- 
Pin 14; "I" 
GND 
Pin 
12; 
LANCYC_ 
Pin 13; "I" 
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Equations 


ENABLE NEWAS_ 
-! LANCYC_; 
ENABLE NEWDS_ 
- 
!LANCYC_; 
ENABLE NEWDBEN_ - 
lLANCYC_; 
ENABLE NEWR1f_ 
-! LANCYC_; 
ENABLE NEKSIZO 
- !LANCYC2_; 
ENABLE NEWSIZl 
- ILANCYC2_; 
ENABLE NEWAO 
-! LANCYC2_; 
ENABLE NEWAl 
-! LANCYC2_; 


IDELAYAS_ 
t 
!NEWAS_' 
!NEWCBRQ_; 


n Start after BLAST_ valid. 


n Hold through multiple/burst 
transfer. 


!KR_' 
!DELAYAS_ 
t 
KR_' 
!NEWDBEN_' 
RDY 
t 
lNEWDS_' 
!NEWCBRQ_; 


" Start DS_ with AS_ during read cycle. 
" Delay DS_ by !clock during a write cycle. 


n Hold until clock following RDY_ set. 


!NEWDBEN_ :- 


!DELAYAS_ 
n Enable data transceivers 
as soon as 82596 
begins its cycle. 


n Hold as long as AS_ during read. 


n Longer data hold during a write. 
t 
!WR_' 
!NEWDBEN_ , RDY_ 
t 
KR_' 
!NEWDBEN_' 
!NEWAS_, 


"invert KR to match processor 


n The following truth table converts the byte enable signals from 


n the 82596 into the 68030 SIZ signals and address lines AO and 
••Al. 


Truth_Table 


[BE3_,BE2_,BE1_,BEO_,LANCYC2_] 
-> [NEKSIZ1,NEWSIZO,NEKA1,NEKAO] 
) 


X 
X , X , X 
1 
] -> 
1 
1 
1 
1 
] ; 
1 
1 , 1 , 1 
0 
'] -> 
1 
1 
1 
1 
] ; 
1 
1 , 1 , 0 
0 
] -> 
0 
1 
1 
1 
] ; 
1 
1 , 0 , 0 
0 
] -> 
1 
0 
1 
0 
]; 
1 
0 , 0 , 0 
0 
] -> 
1 
1 
0 
1 
]; 
0 
0 , 0 , 0 
0 
] -> 
0 
0 
0 
0 
] ; 
1 
1 , 0 , 1 
0 
] -> 
0 
1 
1 
0 
]; 
1 
0 , 0 , 1 
0 
] -> 
1 
0 
0 
1 
I; 
0 
0 , 0 , 1 
0 
I -> 
1 
1 
0 
0 
I; 
1 
0 , 1 , 1 
0 
I -> 
0 
1 
0 
1 
I; 
0 
0 , 1 , 1 
0 
I -> 
1 
0 
0 
0 
I; 
0 
1 , 1 , 1 
0 
I -> 
0 
1 
0 
0 
] ; 
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The following 
BEt 
input combinations 
are illegal and will 
result 
in erroneous 
data transfers. 


x 
0 
1 
0 
1 
-> 
1 
1 
1 
1 
] ; 
0 , 1 , 0 , X 
1 
-> 
1 
1 
1 
1 
] ; 
0 , 1 , 1 , 0 
1 
-> 
1 
1 
1 
1 
]; 


" **************** 
Revision 
History 
*************************** 


Rev. 
A 
1/3/90 
- KKP - First Version. 


n 
*************************************************************** 


end CNVRT 
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Module RDY 
FLAG '-R3'; 
Title ,82596CA Ready and Burst Cycle Logic 
Rev. A 
DOCTOR DESIGN, San Diego, CA 
PL020R4-10'; 


01/03/90 


Descrption 
*********************** 
" ************************ 


" 


This PLO generates the RDY_ and BRDY_ signals to the 82596. 
It also generates the Burst Request 
(CBREQ_) signal to the 
memory controller. 
It uses the 68030 signals Address Strobe 
(AS_), Data Strobe 
(DS_), Data Bus Enable 
(DBEN_), Data 
Aoknowledge 
(DSACK_) and Synchronous Termination 
(STERM_). 
It 
also uses Cache Burst Acknowledge 
(CBACK_) from the memory 
controller 
and Burst Last 
(BLAST_) from the 82596. 
The 
DELAYAS 
signal is used to delay the qeneration of AS 
to the 
memory controller 
in order to determine whether a burst transfer 
is about to take place. 
Because CLK1_ is needed for both the 
flip-flop registers and in the combinatorial equations, 
it 
is connected to both pins 1 and 2. 
Two separate names are 
required in the equations 
(CLK1_ and CCLK1_) . 


"" 


The first three burst data transfers between the 82596 and the 
memory will be acknowledged 
with the BRDY_ signal. 
The last 
(fourth) burst data transfer cycle will be acknowledged 
with a 
RDY_. 
" 
This PLO must be 10 ns or faster to meet BRDY set-up to CLK1_ 
on 82596. 


The output DELAYRDY_ 
is only used inside this PLO to qenerate 
a delay for the RDY_ signal to the 82596. 


UNUSED 
INPUT 
PINS 
2 
UNUSED OUTPUT PINS 
(REGISTERED) 
1 
UNUSED OUTPUT PINS 
(COMBINATORIAL) 
1 


• *********************** 
••****.********************************* 


rdy Device 
'P20R4'; 


CLK1 
Pin 
1; "I" 
VCC 
Pin 24; 
CCLK1- 
Pin 
2; "I" 
NC2 
Pin 23; "I" 


AS_ 
Pin 
3; "I" 
RDY_ 
Pin 22; "I/O" 
DS_ 
Pin 
4; "I" 
BRDY_ 
Pin 21; "I/O" 
STERM_ 
Pin 
5; "I" 
DELAYAS- 
Pin 20; "R,I/O" 
DBEN_ 
Pin 
6; "I" 
SO 
Pin 19; "R,I/O" 
ADS_ 
Pin 
7; "I" 
NEWCBREQ_ Pin 18; "R,I/O" 
CBACK_ 
Pin 
8; "I" 
NC3 
Pin 17; "R,I/O" 
NC1 
Pin 
9; "I" 
DELAYRDY 
Pin 16; "I/O" 
DSACK_ 
Pin 
10; "I" 
NC4 
Pin 15; "I/O" 
BLAST_ 
Pin 
11; 
"I" 
LANCYC_ 
Pin 14; "I" 
GND 
Pin 
12; 
OE_ 
Pin 13; "I" 
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"Declarations 


IDLE 
- 
[1,1,1]; 
SLST_1iT 
- 
[0,1,1]; 
NO_BURST 
- 
[1,0,1]; 
BRST_CYC 
- 
[0,0,1]; 
STERM_1 
- 
[0,0,0]; 
STERM_2 
- 
[0,1,0]; 
STERM_3 
- 
[1,1,0]; 


STERM_1; 
IDLE; 
BRST_CYC; 


" Wait 
for BLAST to determine 
if burst data transfer. 
" BLAST_ 
active 
so no burst transfer. 
••BLAST_ not sctive so multiple 
or burst transfer,. 
" Wait 
for acknowledge. 
" Wait 
for acknowledge. 
" Wait for acknowledge. 


- 
!STERM 
, 
!NEWCBREQ 
, !CBACK 
••Assert 
BRDY_ durIng burst cycles, 


I 
!BRDY 
, !CCLK1 ; 
••Hold so recQgnized 
on rising edge of CLK1_ to 82596. 


1-528 


!DS_' 
!LANCYC_' 
!CCLK1_ 
I !DELAYRDY_' 
!AS_; 
" Delay RDY for data setup. 
" Hold until end of data cycle. 


STERM_2; 
IDLE;, 
STERM_l; 
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Equations 


!RDY_ 
- 
!BLAST 
, IDELAYRDY_ 'CCLK1 
'!AS_' 
CBACK 
••Return 
RDY_ whenever 
BLAST_ 
asse,rted. 
I 
!STERM_ 
, NEWCBREQ_ 
••Fourth burst transfer 
or synchronous 
transfer. 
I !RDY 
, !DBEN ; 
" Held RDY_ -;IDtildata requirement 
met. 


State_Diagram 
IN rdy MODE 


state IDLE 
IF !ADS_ THEN BLST_1iT 
ELSE 
IDLE; 


IF !BLAST_ THEN NO_BURST 
ELSE BRST_CYC; 


GOTO 
IDLE; 


CASE 
(!BRDY_' 
!CBACK_1 


« 
IBRDY_ , CBACK_1 t 
!BLAST_1 
(BRDY_ , BLAST_1 
ENDCASE; 


CASE 
(!BRDY 
, !CBACK 
I 


« 
!BRDY 
'CBACK-l 
t 
!BLAST_1 
(BRDY_ " BLAsT_I- 
ENDeASE; 


AP·344 


CASE 
(!BRDY_ 
& 
!CBACK_1 
«! BRDY_ 
, 
CBACK It! 
BLAST_1 
(BRDY_ 
& 
BLAST_1 
ENDCASEI 


IF 
(!BRDY_ 
t 
!BLAST_1 
THEN IDLE 
ELSE 
STERM_3; 


STERM_3; 
IDLE; 
STERM_2; 


" 
Rev. 
A 


• **************** 
Revision 
History 
*************************** 


1/20/90 - KKP - 
First Version. 


•• ******************************.******************************* 


end 
RDY 
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8.2 MC68020/82S96DX 


Module ARB 
FLAG '-R3'; 
Title ,82596DX Arbitration 
for Local Bus 
DOCTOR DESIGN, 
San Diego, CA 
PLD20R6-10'; 


Rev. A 
01/12/90 


Descrption 
" ************************ 
*********************** 


FOR: 
82596DX / 68020 Interface 


" 


This PLD arbitrates between the CPU, the LAN Controller 
and 
the Refresh 
requestor for the local bus. 
Refresh requests are 
given highest priority, 
and the 82596DX requests given second 
highest priority. 
The CPU normally 
controls the local bus 
when no requests are pending. 
The RDY_ acknowledge 
siqnal to 
the 82596DX is also generated 
in this PLD. 
The siqnal 
DELAYRDY_ 
is an embedded 
siqnal used only in this PLD to 
generate 
RDY 
• 


Requestors 
are granted the bus by using the inverted CPU clock 
(CLK1). 
Because is required for both the registered 
and 
combinatorial 
terms, CLK1 is connected to both the clock and a 
combinatorial 
input. 
The combinatorial 
term is called CCLK1. 


The refres'h request 
(RFRQ_) is assumed to be an active low 
signal having the required 
12 ns set-up to CLK1. 
If this 
set-up cannot be guaranteed, 
the request must be synchronized 
through an external 
flip-flop, 
clocked with CLK1. 


The SBG_ siqnal is the synchronized 
68020 Bus Grant 
(BG_) 
siqnal. 


Because the 82596 uses and active-high 
HOLD, LANCYC_ 
is 
inverted with an external 
74F04. 


The equations 
and marco-cells 
are allocated 
for the Bus 
Request 
(BREQ) siqnal, which is used to activiate the 82596DX 
Bus Throttle 
Timers. 
In these equations 
it is set inactive. 
It is left to the system desiqner to define input conditions 
for this siqnal. 


UNUSED 
INPUT 
PINS 
4 
UNUSED OUTPUT PINS 
(COMBINATORIAL) 
0 
UNUSED OUTPUT PINS 
(REGISTERED) 
0 


" *************************************************************** 
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arb Device 
'P20R6'; 


CLK1 
Pin 
1; "I" 
VCC 
Pin 24; 
CCLK1 
Pin 
2; "I" 
NC3 
Pin 23; "I" 
AS 
Pin 
3; "I" 
DELAYRDY_ Pin 22; "I/O" 
- 
HOLD 
Pin 
4; "I" 
BREQ 
Pin 21; "R,I/O" 
LOCK 
Pin 
5; "I" 
LANCYC_ 
Pin 20; "R,I/O" 
DS_ 
Pin 
6; "I" 
BR_ 
Pin 19; "R,I/O" 
BG_ 
Pin 
7; "I" 
BGACK_ 
Pin 18; "R,I/O" 
DBEN_ 
Pin 
8; "I" 
RFCYC_ 
Pin 17; nR,I/On , 


RFRQ_ 
Pin 
9; nI" 
SBG_ 
Pin 16; "R,I/on 
• 


NC1 
Pin 
10; "I" 
RDY_ 
Pin 15; "I/on 
NC2 
Pin 
11; "I" 
NC4 
Pin 14; nIn 
GND 
Pin 
12; 
OE_ 
Pin 13; "I" 


MODE 
= (BR_,BGACK_,RFCYC_,LANCYC_]; 


IDLE 
- 
(1,1,1,1]; 
REQ 
- 
(0,1,1,1]; 
RF_CYC 
- 
(1,0,0,1]; 
LAN_CYC - (1,0,1,0]; 
PRE_CHG 
(1,0,1,1]; 


" Generic 
request to CPU for local bus. 
n Refresh 
request has been granted. 
" LAN request has been granted. 
" Required for back-to-back 
cycles. 


Equations 


BREQ 
:- 0; 
" Bus Throttle conditions will need 
" to be defined by the system designer. 


!SBG_ 
= !BG_ & CCLK1 
" Set·during high phase of ARB clock to 
meet setup time into pLD. 
" Hold with processor bus grant. 
" Hold through low phase of clock to meet setup time. 
, !SBG_ 
& 
!BG_ 
t 
!SBG_ & !CCLK1; 


!DELAYRDY_ 


!DS 
& !LANCYC_ & 
!CCLK1 
, !DELAYRDY_ & !AS_; 
" Delay RDY_ for data set-u:p. 
" Hold until end of data cycle. 


!DELAYRDY_ & CCLK1 
& 
!AS_ 
" Return RDY_ after delay while 
data cycle still in progress. 
n Hold until end of data cycle. 
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state 
IDLE 


State_Diagram 
IN 
arb 
MODE 


"******************* 
Revision 
History 
************************ 


state 
REQ 


IF 
(! RFRQ_ f 
HOLD) 
THEN REQ 
ELSE 
IDLE; 


CASE 
(! RFRQ_' 
! SBG ) 
( HOLD , 
RFRQ_) 
( ! ( ( !RFRQ 
, 
! SBG ) 
f 
(HOLD" 
RFRQ_ .• 
SBG_))) 
ENDCASE; 


CASE 
(RFRQ_ , 
!HOLD) 
(RFRQ 
'HOLD) 
(!RFaQ_) 
ENDCASE; 


CASE 
(! HOLD , 
RFRQ_ , 
! LOCK) 
( !HOLD , 
! RFRQ_' 
! LOCK) 
(HOLD) 
ENDCASE; 


CASE 
(RFRQ_' 
! HOLD , 
!LOCK) 
(RFRQ_ , 
HOLD) 
( !RFRQ_ , 
!LOCK) 
(!SBG_ 
, 
RFRQ_' 
!HOLD' 
!LOCK). 


ENDCASE; 


:RF_CYC; 
:LAN_CYC; 


:REQ; 


: IDLE; 
:PRE_CHG; 
:RF_CYC; 


: IDLE; 
:PRE_CHG; 
:LAN_CYC; 


: IDLE; 
:LAN_CYC; 
:RF 
CYC; 
:PaE_CHG; 


Rev. 
A 
Rev. 
B 
01/12/90 
- 
KKP - 
First 
Version 
02/20/90 
- 
KKP - 
Moved 
BG_ synchronization 
into 
PLD. 


1-532 


end 
ARB 


" *************************************************************** 
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Module CAPORT 
FLAG '-R3'; 
Title '82596DX Channel Attention 
and Port 
DOCTOR DESIGN, San Diego, CA 
PL020R4-15'; 


Rev. A 
01/12/90 


Descrption 
• ************************ 
*~****************.**** 


•• FOR: 
" 


82596DX / 68020 Interface 


This PLO decodes the 68020 address 
lines and generates 
the 
Channel Attention 
and PORT_ to the 82596DX •. The choice of 
address is left to the system designer. 


Nine address decode lines are available. 
They could be 
connected 
to A31-A23. 
NC1, NC2, NC3, and NC4 are 
combinatorial 
outputs. 
They can be used as extra address 
" 
inputs. 
NC5 is a standa·rd input that is also available 
as 
an extra address term. 
If even more decode lines are required, 
then the HIADDR input is for the output of the external 
decoder. 
This decode must be done in less than 22 ns. 


In the line ADDR - 
[A09,A08, .•••], the values for A09-A01 
should be set high or low 
(inverted) for the desired 
range. 
" 
The decode values for CA.ACC and PORT ACC 
(110 and 220) are 
arbitrary 
and can be modified 
as needed. 


SO_ AND Sl 
are state bits used for generating 
wait states for 
" 
PORT_ asse;tion. 
"" 
UNUSED 
INPUT 
PINS 
1 
UNUSED OUTPUT PINS 
(REGISTERED) 
0 
UNUSED OUTPUT PINS 
(COMBINATORIAL) 
4 


" *************************************************************** 


caport Device 
'P20R4'; 


CLK1_ 
Pin 
1; "I" 
VCC 
Pin 24; 
AS_ 
Pin 
2; "I" 
HIADDR 
Pin 23; "I" 
A01 
Pin 
3; "I" 
NC1 
Pin 22; "I/O" 
M2 
Pin 
4; "I" 
NC2 
Pin 21; "I/O" 
M3 
Pin 
5; "I" 
CA 
Pin 20; "R,I/O" 
M4 
Pin 
6; "I" 
SO- 
Pin 19; "R,I/O" 
M5 
Pin 
7; "I" 
81- 
Pin 18; "R,I/O" 
A06 
Pin 
8; "I" 
PORT_ 
Pin 17; "R,I/O" 
A07 
Pin 
9; "I" 
NC3 
Pin 16; "I/O" 
M8 
Pin 
10; "I" 
NC4 
Pin 15; "I/O" 
A09 
Pin 
11; "1" 
NC5 
Pin 14; "I" 
GND 
Pin 
12; 
OE 
Pin 13; "In 
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" Declarations 


x,C 
- .x., .C.; 


ADDR 
- 
[A09,A08,A07,A06,AOS,A04,A03,A02,A01,X,X,X]; 
" User defined 
address. 


CA_ACC 
MACRO 


PORT_ACe 
MACRO 


( (ADDR -- AhllO) , HIADDR , !AS_ I; 


(,(ADDR -- Ah220) , HIADDR , !AS_ I; 
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MODE 
[CA,PORT_,SO_,Sl_l; 


IDLE 
- [ 1, 
1, 
1 
1 l; 
PORT_SET 
- [ 1, 
0, 
1 
1 l; 
" Set PORT_ to 82596DX. 
PORT_HLD1 
[ 1, 
0, 
0 
1 l; 
• Hold for one clock state. 
PORT_HLD2 
[ 1, 
0, 
0 
0 l; 
• Hold for a second clock state. 
ACCESS_OFF 
[ 1, 
1, 
0 
0 l; 
• Deassert 
PORT_ and CA. 
CA_SET 
- 
[ 0, 
1, 
1 
1 l; 
" Set CA to 8259.6DX. 
CA_HLD1 
[ 0, 
1, 
0 
1 i. 
" Hold for one clock state. 
CA_HLD2 
[ 0, 
1,. 0 
0 l; 
" Hold for a second clock state. 


Equations 


State_Diagram 
IN caport MODE 


state IDLE 
:PORT_SET; 
:CA_SET; 
:IDLE; 


: CASE 
(PORT_ACC) 
(CA_ACC) 
(!(PORT_ACC f CA_ACC» 
ENDCASE; 


state .PORT_SET 


state PORT_HLD1 


state PORT_HLD2 


state ACCESS_OFF 


state CA_SET 


state CA_HLD1 


state CA_HLD2 


IF AS_ THEN IDLE 
ELSE ACCESS_OFF; 


GOTO CA_HLD1; 


Rev. A 
1/3/90 - KKP - First ·version. 


"**************** 
Revision History 
*********************•••••• 


" ***************************************************** 
••******** 


end CAPORT 
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Module 
CNVRT 
FLAG '-R3'; 
Title 
'82596DX 
Signal Conversion 
DOCTOR 
DESIGN, 
San Diego, 
CA 
PL020R4-10'; 


Rev. A 
1/12/90 


Descrption 
" ***********.************ 
*********************** 


FOR: 
82596DX 
/ 68020 Interface 


" 
This PLO converts 
the 82596DX 
signals to 68020 type signals. 


" 
These signals 
will be enabled 
when the 82596DX has control 
of 
the local bus 
(LANCYC_ is low), otherwise 
they will be 
tri-stated. 
" 


" 


A PLO 20R4 was used in this example, 
requiring 
seperate 
enables, 
LANCYC_ 
and LANCYC2_, 
which are the same signal 
external 
to the PLO. 
If the PLO does not require 
separate 
output 
enables 
for registered 
and latched outputs 
then this is 
not required. 
" 


NEIIRW_, NEWAS_, 
NEWDS_, 
and NEWDBEN_ 
are registered 
outputs. 
NEWSIZO, 
NEWSIZ1, 
NEMAO, 
and NEWAl are combinatorial 
outputs. 


The combinatorial 
outputs 
are generated 
using a truth table. 
For completeness, 
default 
settings 
are included 
for the 
impossible 
BE' input combinations. 


UNUSED 
INPUT 
PINS 
UNUSED 
OUTPUT PINS 
(COMBINATORIAL) 
UNUSED 
OUTPUT 
PINS 
(REGISTERED) 


4 
o 
o 
"" 


" **************.*** 
••• ************************ 
••**************** 


cnvrt Device 
'p20R4'; 


CLX1_ 
Pin 
1; "I" 
VCC 
Pin 24; 
NCl 
Pin 
2; "I" 
RDY 
Pin 23; '''1" 
ADS_ 
Pin. 
3; "I" 
NEWAO 
Pin 22; "I/O" 
BE0_ 
Pin 
4; "I" 
NEWSIZO 
Pin 21; "I/O" 
BE1_ 
Pin 
5; "I" 
NEIIRW_ 
Pin 20; "R,I/O" 
BE2_ 
Pin 
6; "I" 
NEWAS_ 
Pin 19; "R,I/O" 
BE3_ 
Pin 
7; "I" 
NEIIDS_ 
Pin 18; "R,I/O" 
IIR_ 
Pin 
8; "I" 
NEWDBEN_ 
Pin 17; "R,I/O" 
NC2 
Pin 
9; "I" 
NEWSIZl 
Pin 16; "I/O" 
NC3 
Pin 
10; "I" 
NEWAl 
Pin 15; "I/O" 
NC4 
Pin 
11; "I" 
LANCYC2 
Pin 14; "I" 
Pin 
12; 
- 
GND 
LANCYC_ 
Pin 13; "I" 


"Declarations 


X - 
.X.; 
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Equations 


ENABLE NEWAS_ 
-! LANCYC_; 
ENABLE NEWDS_ 
-! LANCYC_; 
ENABLE NEWDBEN_ 
- 
ILANCYC_; 
ENABLE NEWRW_ 
- 
!LANCYC_; 
ENABLE NEWSIZO 
- 
!LANCYC2_; 
ENABLE NEWSIZl 
-! LANCYC2_; 
ENABLE NEWAO 
- 
!LANCYC2_; 
ENABLE NEWAl 
- 
ILANCYC2_1 


!ADS_ 
t 
!NEWAS_ , RDY_; 
" Start AS_ during 
68020 clock low cycle. 
" Hold until clock following RDY_ set. 


!WR_' 
!ADS_ 
t 
WR_' 
!NEWDBEN_ , RDY_ 
t 
INEWDS_ , RDY_; 


" Start DS_ with AS_ during read, 
" Delay DS_ by 1 clock during write. 
" Hold until clock following RDY_ set. 


!NEWDBEN_ 
.- 


t 
!WR_' 
!NEWDBEN_' 
RDY_ 
t 
WR_' 
!NEWDBEN_' 
!NEWAS_; 


" Enable data transceivers 
as soon 
" as 82596DX begins its cycle. 
" Hold as long as AS_ during read. 
" Longer data hold during a write. 


" Invert W/R_ to match processor. 


" The following truth table converts the byte enable signals from 
" the 82596DX into the 68020 SIZE signals and address lines AO 
and Al. 


Truth_Table 


[BE3_,BE2_,BE1_,BE0_,LANCYC2_] 
-> [NEWSIZ1,NEWSIZO,NEWA1,NEWAO] 
) 


X , X , X , X 
1 
] -> 
1 
1 
1 
1 
] ; 
1 , 1 , 1 , 1 
0 
] -> 
1 
1 
1 
1 
] ; 
1 , 1 , 1 , 0 
0 
] -> 
0 
1 
1 
1 
] ; 
1 , 1 , 0 , 0 
0 
] -> 
1 
0 
1 
0 
] ; 
1 , 0 , 0 , 0 
0 
] -> 
1 
1 
0 
1 
] ; 
0 , 0 , 0 , 0 
0 
] -> 
0 
0 
0 
0 
] ; 
1 , 1 , 0 
1 
0 
J 
-> 
0 
1 
1 
0 
] ; 
1 , 0 , 0 , 1 
0 
] -> 
1 
0 
0 
1 
] ; 
0 , 0 , 0 , 1 
0 
] -> 
1 
, 
1 
0 
0 
] ; 
1 , 0 , 1 , 1 
0 
] -> 
0 
1 
0 
1 
] ; 
0 , 0 , 1 , 1 
0 
] -> 
1 
0 
0 
0 
] ; 
0 , 1 , 1 , 1 
0 
] -> 
0 
1 
0 
0 
]; 
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The followinq 
BEt input 
combinations 
are illeqal 
and will 
result 
in erroneous 
data transfers. 


x , 0 , 1 , 0 
1 
-> 
1 
1 
1 
1 
]; 
0 , 1 , 0 , X 
1 
-> 
1 
1 
1 
1 
] ; 
0 , 1 , 1 , 0 
1 
-> 
1 
1 
1 
1 
]; 


" .*************** 
Revision 
History 
****************************. 


Rev. 
A 
01/12/90 
- 
KKl' - First 
Version. 


end CNVRT 


" *************************************************************** 
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D.3 MC68OOOI8l596SX 


Module ARB 
FLAG '-R3'; 
Title 
'82596SX Arbitration 
for Local Bus 
DOCTOR DESIGN, 
San Diego, CA 
PLD20R8-15'; 


Rev. A 
01/20/90 


Descrption 
" ***********.************ 
*********************** 


This PLD arbitrates between 
the CPU, the LAN Controller 
and 
the Refresh 
requestor 
for the local bus. 
Refresh 
requests are 
given highest'priority, 
and the 82596SX requests given second 
highest priority. 
The CPU normally 
controls the local bus 
" 
when no requests are pending. 


Requestors 
are granted the bus by using the 82596SX clock, 
CLK1. 
" 
The refresh request 
(RFRO_) is aseumed to be an active 'low 
signal having the required 
12 ns set-up to the clock 
(CLK1). 
If this set-up cannot be guaranteed, 
the request must be 
synchronized 
through an external 
flip-flop, clocked with CLK1. 


The SBG_ signal is the synchronized 
6800'0Bus Grant 
(BG_) 
signal. 
It is be synchronized 
internally using a flip-flop 
clocked with CLK1. 
Because the 82596SX uses an active high 
HLDA, LANCYC_ is inverted using one of the macro-cells. 


The equations 
and macro-cells 
are allocated 
for the Bus 
Request 
signal, which is used to activiate 
the Bus Throttle 
Timers. 
It is left to the system designer to define input 
conditions 
for this signal. 
" 


UNUSED 
INPUT 
PINS 
6 
UNUSED OUTPUT PINS 
(COMBINATORIAL) 
0 
UNUSED OUTPUT PINS 
(REGISTERED) 
1 


" .************************************************************** 


J 


arb Device 
'P20R8'; 


CLKl 
Pin 
1; "I" 
VCC 
Pin 24; 
RESET 
Pin 
2; "I" 
NC6 
Pin 23; "I" 
AS_ 
Pin 
3; "I" 
BREO 
Pin 22; "R,I/O" 
HOLD 
Pin 
4; "I" 
HLDA 
Pin 21; "R,I/O" 
LOCK 
Pin 
5; "I" 
LANCYC_ 
Pin 20; "R,I/O" 
NCl 
Pin 
6; "I" 
BR_ 
Pin 19; "R,I/O" 
00_ 
Pin 
7; "I" 
SBG_ 
Pin 18; "R,I/O" 
NC2 
Pin 
8; "I" 
BGACK_ 
Pin 17; "R,I/O" 
RFRO_ 
Pin 
9; "I" 
RFCYC_ 
Pin 16; "R,I/O" 
NC3 
Pin 
10; "I" 
NC7 
Pin 15; "R,I/O" 
NC4 
Pin 
11; 
"I" 
NC5 
Pin 14; "I" 
GND 
Pin 
12; 
OE_ 
Pin 13; "I" 
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MODE 


IDLE 
- 
[1,1,1,1]; 
REQ 
- 
[0,1,1,1]; 
RF_CYC 
- 
[1,0,0,1]; 
LAN_CYC 
- 
[1,0,1,0]; 
PRE_CHG 
- 
[1,0,1,1]; 


• Generic 
request to CPU for local bus. 
• Refresh 
request has been qranted. 
• LAN request has been qranted. 
• Required 
for back-to-back 
cycles. 


SBG_ 
:- BG_; 
" Synchronized 
Bus Grant. 


MODE 
.- RESET 'IDLE; 
"Initi~lize 
state machine 
to IDLE State on reset 


Equations 


BREQ 
.- 0; 
W Bus Throttle 
conditions 
will need to be 
defined 
by the system desiqner. 


HLDA 
•• !LANCYC_; 
W 82596SX 
requires 
active-hiqh 
HLDA. 


State_Diaqram 
IN arb MODE 


state 
IDLE 
IF 
(!RFRQ_ f HOLD) THEN REQ 
ELSE IDLE; 


:RFJ:yC; 
:LAN_CYC; 
state REQ 
CASE 
(!RFRQ_ 
, !SBG_) 
(HOLD , RFRQ_) 
(!« 
!RFRQ_ , !SBG_) 
f 
(HOLD , RFRQ_ , SBG_») 
ENDCASE; 
:REQ; 


CASE 
(RFRQ_ , !HOLD) 
(RFRQ_ , HOLD) 
(!RFRQ_) 
ENDCASE; 


:IDLE; 
:PRE_CHG; 
:RF_CYC; 


CASE 
(!HOLD , RFRQ_' 
!LOCK) 
(!HOLD , !RFRQ_' 
!LOCK) 
(HOLD) 
ENDCASE; 


:IDLE; 
:PRE_CHG; 
:LAN_CYC; 


CASE 
(RFRQ_' 
!HOLD , !LOCK) 
(RFRQ_ , HOLD) 
(!RFRQ_ , !LOCK) 
(!SBG_ , RFRQ_' 
!HOLD , !LOCK) 
ENDCASE; 


:IDLE; 
:LAN_CYC; 
:RF_CYC; 
:PRE_CHG; 


W ******************* 
Revision 
History 
************************ 
• 
Rev. A 
1/20/90 - KKP - First Version 


w 
.*********************************.*******************.*******. 


end ARB 
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Module CAPORT 
FLAG' -R3'; 
Title '82596SX Channel Attention and Port 
DOCTOR DESIGN, San Diego, CA 
PL020R4-15'; 


Rev. A 
1/20/90 


Descrption 
" ************************ 
**************.*******. 


" 
FOR: 
82596SX / 68000 Interface 


" 


This PLO decodes the 68000 address lines and generates Channel 
Attention and PORT 
to the 82596. 
The choice of address is 
left to the system-designer. 


" 
Nine address decode lines are available. 
They could be 
connected to A23-A14. 
NC1 is a combinatorial 
outputs and 
could be used as extra address input. 
If even more decode 
lines are required, then the HIADDR input is for the output 
of the external decoder. 
This decode must be done in less 
than 60 ns. 
" 


In the line ADDR - 
[A09,A08,•••.], the values for A09-A01 
should be set high or low 
(inverted) for the desired range. 
The decode values for CA ACC and PORT ACC 
(110 and 220) are 
arbitrary and can be modified as need;d. 


SO_ AND Sl 
are state bits used for generating wait states for 
PORT_ assertion. 


UNUSED 
INPUT 
PINS 
0 
UNUSED OUTPUT PrNS 
(COMBINATORIAL) 
1 
UNUSED OUTPUT PINS 
(REGISTERED) 
2 


".***************** 
••••• *********************.*.****.************************ 


caport Device 
'P20R4'; 


CLK1 
Pin 
1; "I" 
VCC 
Pin 24; 
CCLK1 
Pin 
2; "I" 
HIADDR 
Pin 23; "I" 
A01 
Pin 
3; "I" 
NC1 
Pin 22; "I/O" 
A02 
Pin 
4; "I" 
CA 
Pin 21; "I/O" 
A03 
Pin 
5; "I" 
NC2 
Pin 20; "R,I/O" 
A04 
Pin 
6; "I" 
SO 
Pin 19; "R,I/O" 
A05 
Pin 
7; "I" 
Sl_ 
Pin 18; "R,I/O" 
A06 
Pin 
8; "I" 
NC3 
Pin 17; "R,I/O" 
A07 
Pin 
9; "I" 
PORT_ 
Pin 16; "I/O" 
A08 
Pin 
10; "I" 
AS 
Pin 15; "I/O" 
A09 
Pin 
11; "I" 
LOS_ 
Pin 14; "I" 
GND 
Pin 
12; 
OE_ 
Pin 13; "I" 
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"Declarations 


X,C 
.X.,.C.; 


ADDR 
[A09,A08,A07,A06,A05,A04,A03,A02,A01,X,X,X]; 
" User defined. address. 


!LDS_' 
!AS_' 
CCLK1 , CA_ACC 
t 
!CA , I (SO 
'!Sl_) 
t 
!CA , CCLK1; 


" Start when data valid on bus. 
" Hold for at least 2 clocks. 
" Guarantee CA hold time to 82596. 


(ADDR 
Ah110) , HIADDR , !AS_ I; 


(ADDR 
Ah220) , HIADDR' 
!AS_ I; 


MODE 


- 
[ 1, 
- [ 0 , 
[ 0, 
- 
[ 1, 


1 ]; 
1 ]; 
o ]; 
o ]; 


" PORT_ or CA has been sent to 82596. 


W Hold for one clock state. 


W Hold for a second clock state. 


Equations 


!CA 


!PORT_ 
!LDS_'!AS 
,.CCLK1 , PORT_ACC 
t 
!PORT_ , !(SO_ , !Sl_) 
f 
!PORT_ , CCLK1; 


W Start when data valid on bus. 
" Hold for at least 2 clocks. 
" Guarantee PORT_ hold time to .82596. 


State_Diagram 
IN caport MODE 


state IDLE 
: IF (!PORT_ f CA) THEN STR_CNT 
ELSE IDLE; 


IF AS_ THEN IDLE 
ELSE CNT_2; 


Rev. A 
1/20/90 - KKP - First Version. 


"**************** 
Revision History 
*************************** 


" *************************************************************** 


end CAPORT 
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Module RDY 
FLAG '-R3'; 
Title '82596SX Ready and Signal Conversion 
Rev. A 
DOCTOR DESIGN, San Diego, CA 
PLD20R4-15' ; 


01/20/90 


Descrption 
w 
************************ 
*******.*************** 


This PLD generates the RDY_ signal to the 82596SX. 
It also 
converts the 82596SX signals BHE_, BLE_, ADS_ and WR_ to the 
68000 equivalents, UDS, LDS, AS_, and RW_ and mimics their 
timing to the memory controller. 


The output DELAYRDY_ is only used inside this PLD to generate 
a delay f?r the RDY_ signal to the 82596SX. 


A 20R4 was used for this example requiring a separate input 
for the combinatorial enable. 


UNUSED INPUT 
PINS 
5 
UNUSED OUTPUT PINS 
(COMBINATORIAL) 
0 
UNUSED OUTPUT PINS 
(REGISTERED) 
0 


"-_._ ..._---------------------------_ 
..._-------_._---*********** 


rdy Device 'P20R4'; 


CLK1 
Pin 
1; "I" 
VCC 
Pin 24; 
CCLK1 
Pin 
2; "I" 
NC5 
Pin 23; "I" 
AS- 
Pin 
3; "I" 
NEWRW_ 
Pin 22; "I/O" 
BHE_ 
Pin 
4; "I" 
NEWAS- 
Pin 21; "I/O" 
BLE_ 
Pin 
5; "I" 
RDY_ 
Pin 20; "R,I/O" 
WR_ 
Pin 
6; "I" 
DELAYRDY_ Pin 19; "R,I/O" 
NC1 
Pin 
7; "I" 
SO- 
Pin 18; "R,I/O" 
NC2 
Pin 
8; "I" 
DELAYAS- 
Pin 17; "R,I/O" 


NC3 
Pin 
9; "I" 
NEWUDS_ 
Pin 16; "I/O· 
ADS- 
Pin 
10; "I· 
NEWLDS_ 
Pin 15; "I/O" 
NC4 
Pin 
11; "I· 
LANCYC2- 
Pin 14; "I" 
GND 
Pin 
12; 
LANCYC_ 
Pin 13; "I" 


MODE 
- [DELAYAS_,DELAYRDY_,RDY_,SO_]; 


IDLE 
- [1,1,1,1]; 
STR_AS - [0,1,1,1]; 
" Delay AS 
until clock phase of 68000 S2. 
DLY_RDY - [0,0,1,1]; 
" Delay RDY_ by 1 82596 clock state. 
DLY_DS - [0,0,1,0]; 
" Delay UDS ,LDS 
during write cycle. 
STR_RDY - [0,0,0,1]; 
" Initiate RDY_ for 68000 type 0 wait cycle. 
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!WR_ , !DELAYAS-, !BLE_ 
, 
!CCLK1 , !AS_ 
" 
Start 
LDS_ with 
AS 
on 
read. 


f 
WR_ , 
ISO , !BLE_ & ICCLK1 , !AS- 
" 
Delay 
LDS_ on 
a wrIte. 
f 
!NEWUDS_, !,m_ , !DELAYAS_ 
" 
Hold 
thru 
data 
cycle. 


f 
!NEWUDS- 
, 
WR_ , 
RDY; 


!NEWAS_ 
!DELAYAS_, 
!CCLK1' 


f 
!NEWAS_' 
!WR_' 
!DELAYAS_ 
f 
!NEWAS_' 
WR_ & 
RDY; 


State_Diagram 
IN 
rdy 
MODE 


state 
IDLE 
: 
IF 
)ADS_ 
THEN STR_AS 
ELSE IDLE; 


IF 
!WR_ 
THEN DLY_RDY 
ELSE DLY_DS; 


GOTO IDLE; 


"**************** 
Revision 
History 
*************************,** 


Rev. 
A 
1/20/90 
- 
KKP - 
First 
Version. 
" *************************************************************** 


end 
RDY 
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APPENDIX 
C 
TIMING 
DIAGRAMS 


The following section includes the timing diagram for 
each specific design. A summary of the timing specifi- 
cations is also included. 


C.1 MC68030/82596CA 
• Block Diagram 


• MC68030 and 82596CA Clock Synchronization 
• MC68030 and 82596CA CA and PORT Access 
• MC68030 Local Arbitration (I page) 
• 82596CA Memory Access (2 pages) 
• Timing Summary 


C.2 MC68020/82596DX 


• Block Diagram 


• MC68020 and 82596DX Clock Synchronization 
• MC68020 and 82596DX CA and PORT Access 
• MC68020 Local Arbitration (2 pages) 


• 82596DX Memory Access 
• Timing Summary 


C.3 MC68000/82596SX 


• Block Diagram 
• MC68000 and 82596SX Clock Synchronization 
• MC68000 and 82596SX CA and PORT Access 
• MC68000 Loca1 Arbitration (I page) 
• 82596SX Memory Access (2 pages) 
• Timing Summary 
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MC68030 
AND 82596CA 
TIMING 
SUMMARY 
FOR 33 MHz 


MC68030 PARAMETERS 


6 
82596 puts address out 1 clock phase before 
68030 SO. 


6A 
ADS used to generate ECS and OCS before AS 
asserted. 


7 
LANCYC off + buffer off = 15 + 10 = 25 ns. 
9 
Derived from PLD with clock to Q delay of 8 ns. 
12 
Derived from PLD with clock to Q delay of 8 ns. 


12A Worst case could hold ECS and OCS as long as 


20 ns (82596) + delay through buffer. Note to 
system designer. 


13 
Could be a violation for AS, DS to address hold 
of 4 ns (82596) =.8 ns (PLD) - 
2 ns (skew) = 


- 6 ns. System designer must guarantee address 
hold. 
14 
30 ns + 30 ns - 
3 ns (common path through 
PLD) = 57 ns. 


15 
30 ns - 
2 ns (skew) = 28 ns. 


16 
Floated with LANCYC going high. Minimum 
30 ns to next cycle. 


17 
R/W invalid 1 clock cycle after AS/DS negated. 


18 
Set with addresses from 82596. 
20 
Set with addresses from 82596. 
21 
R/W set 1 clock cycle before AS = 30 ns. 
22 
Write cycle minimum setup to DS = 30 ns + 
30 ns - 
8 ns (R/W through PLD) + 5 ns (DS 
through common PLD) = 57 ns. 
23 
82596 provides required time. 
25 
Minimum time = 
30 ns (clock) - 
8 ns (AS 
through PLD) + 4 ns (82596) = 26 ns. 


25A 30 ns - 
2 ns (skew) = 28 ns. 


26 
30 ns + 30 ns - 
19ns (82596) + 3 ns (PLD) = 


44 ns. 
27 
Memory controller must guarantee 1 ns. 


28 
N/A 
29 
30 ns + 4 ns (82596) - 8 ns (AS through PLD) 
= 26 ns. 
31 
N/A 
32 
Plenty of time 


33 
Latched in ARB PLD 


34 
Latched in ARB PLD 


35 
30 ns + 15 ns = 45 ns (1.5 clocks). 


37 
30 ns + 15 ns = 45 ns (1.5 clocks). 
37A 30 ns in ARB PLD = 1 clock 
40 
Asserted with AS, maximum of 8 ns into clock 
low cycle. This should meet requirements, system 
designer should verify. 
41 
Negated in PLD, maximum 8 ns. 


42 
Asserted in PLD, maximum 8 ns. 


43 
Negated in PLD, maximum 8 ns. 


44 
1 clock cycle = 30 ns. 


45 
Read = 60 ns - 2 ns (skew) = 58 ns. Write = 
90 ns - 
2 ns = 88 ns. 


46 
90 ns - 2 ns = 88 ns. 


53 
Data out from 82596 held valid for extra clock 
cycle to guarantee. 


82596CA PARAMETERS 


Tl3 
30 ns - 
12 ns (PLD) = 18 ns. 


Tl4 
5 ns through PLD for PORT. 


Tl7 
30 ns - 
10 ns (PLD) = 20 ns. 


Tl8 
3 ns (DBEN through PLD) + 3 ns (PLD) = 
6 ns. 


Tl9 
May violate by 5 ns + 2 ns (skew) - 
1 ns 


(memory controller) = 6 ns. System designer 
will need to guarantee extra 2 ns setup time. 


T20 
3 ns (DS from PLD) + delay through memo- 
ry controller. 


T2l 
30 ns - 
8 ns = 22 ns. 


T23 
30 ns - 
9 ns - 2 ns skew = 19 ns. 


T24 
4 ns minimum through flip-flop. 
T26 
3 CLK2 cycles. 
T27 
30 ns + 15 ns - 
18ns (68030) = 27 ns 


T28 
15 ns - 
12ns (PLD) + 2 ns (68030) - 
2 ns 


(skew) = 3 ns 
T29 
30 ns - 
12 ns = 18ns. 
T30 
Minimum 3 ns through 10, 12,or 15ns PLD. 


NI A = Not Applicable 
15ns = 
;/2 clock period 
30 ns = 1 clock period 
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82596 puts address out 1 clock phase before 68020 
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asserted. 
7 
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Derived from PLO with clock to Q delay of 8 ns. 
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30 ns - 
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Floated with LANCYC going high. Minimum 30 
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5 ns through PLO for PORT. 
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MC68000 
AND 82596SX 
TIMING 
SUMMARY 
FOR 33 MHz 


MC68000 PARAMETERS 


6 
82596 
puts 
address 
out 
1 clock 
phase 
before 
68000 SO. 


6A 
FC valid when 
82596 arbitrates 
for the bus, with 
LANCYC 
valid. 


7 
Address 
goes away with LANCYC 
going invalid. 


8 
Address 
goes away with AS. System 
design must 
verify that 
this meets memory 
controller 
require- 
ments. 


9 
Derived 
from 
15 ns PLO. 


11 
62 ns - 
36 ns (82596 address 
delay) + 31 ns + 
5 ns (AS through 
PLO) 
= 62 ns. 


IIA 
FC valid when 
82596 arbitrates 
for the bus, with 
LANCYC 
valid. 


12 
12 (OELA Y AS) + 15 ns (AS) = 27 ns. 


13 
FC held until 
LANCYC 
goes invalid. 


14 
16 ns + 62 ns + 62 ns + 10 ns (2 PLDs) 
= 
150 ns. 


15 
62 ns minimum. 


16 
Control 
bus held until LANCYC 
goes invalid. 


17 
AS negated 
to R/W 
negated 
is the minimum 
time 
through 
the 
RDY 
PLO. 
The 
system 
designer 
must verify that this meets memory 
controller 
re- 
quirements. 


18 
Maximum 
from 
clock 
high 
is 33 ns (82596) 
+ 
15 ns (PLO) 
+ 2 ns (skew) 
- 
31 ns (clock) 
= 
19 ns. 


20 
Same as 18 above. 


21 
No timing 
relationship 
is given for the 82596 be- 
tween 
address 
valid and W/R 
low. It is assumed 
that 
if address 
is delayed 
out of the 82596, W IR 
will be delayed 
by about 
the same amount. 
The 
W /R 
signal has an additional 
PLO 
delay for in- 
version. 


22 
Minimum 
time 
= 
19 ns (18 above) 
- 
31 ns 
(clock) + 62 ns (clock) 
= 50 ns. 


23 
82596 outputs 
data immediately 
on a write cycle. 


25 
AS, OS negated 
1 clock cycle before ending 
82596 
write to meet this parameter 
by 62 ns - 
27 ns (2 
PLO 
delays) 
- 
2 ns (skew) 
= 33 ns. 


26 
82596 outputs 
data immediately 
on a write cycle. 


27 
Data 
setup 
to clock 
low for 68000 is 7 ns which 
could violate 
Tl9 
below. 


28 
N/A 


29 
Memory 
controller 
guarantees 
0 ns. 


31 
N/A 


32 
Transition 
time depends 
on flip-flop 
used for de- 
riving RESET. 


33 
Setup to PLO. 


34 
Setup to PLO. 


38 
Synchronizing 
BG and generating 
LANCYC 
will 
be a minimum 
of 31 ns + 62 ns = 93 ns. 


46 
Minimum 
width 
low for 82596 cycle is read cycle 
- 
4 clocks. 


53 
Minimum 
= 
31 ns (clock) 
+ 4 ns (82596) 
= 
35 ns. 


82596SX PARAMETERS 


T13 
62 ns - 
15 ns (PLO) 
= 47 ns. 


Tl4 
31 ns + 5 (PLO) 
+ 36 ns. 


T17 
62 ns - 
12 ns (PLO) 
= 50 ns. 


Tl8 
5 ns (PLO). 


Tl9 
May 
violate 
by 9 ns (82596 
setup) 
+ 2 ns 
(skew) 
- 
7 ns (memory 
controller) 
= 4 ns. 


System 
designer 
must 
verify 
that 
this 
meets 
requirements. 


TIO 
5 ns (OELAYAS 
from 
PLO) 
+ 
5 ns (OS 
through 
PLO) + delay through 
memory 
con- 
troller. 


T21 
62 ns - 
12 ns = 50 ns. 


TI3 
31 ns - 
8 ns (flip-flops) 
- 
9 ns (FF) = 14 ns. 


TI4 
4 ns (FF) 
- 
4 ns (FF) 
= 8 ns 


TI6 
N/A 


TI7 
62 ns - 
50 ns (68000) 
- 
5 ns (pORT 
from 
PLO) 
= 69 ns 


TI8 
62 ns - 
5 ns (PORT 
through 
PLO) 
= 57 ns. 


TI9 
62 ns - 
15 ns = 47 ns. 


no 
31 ns + 5 ns (PLO) 
= 36 ns. 


NI A = Not Applicable 


31 ns = 'I. clock period 


62 ns = 1 clock period 
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APPENDIX 
D 
PARTS LISTS 


'Each parts list includes only those components that are part of the interface. The memory controller and memory 
components are not included. 


0.1 MC68030/82596CA 


Quantity 
Generic 
Number 
Description 


1.5 
74F74 
Dual 0 Flip-Flop 
3 
20R4 
24-pin PLO; 4 Registered 
Outputs 
1 
20R8 
24-pin PLO; 8 Registered 
Outputs 


I 
0.5 
74F244 
Octal Tri-State 
Buffer 


Each PLO must have no more than 10 ns propagation delay for 33 MHz design. 
Each PLO must have no more than 15 ns propagation delay for 25 MHz design. 


0.2 MC68020/825960X 


Quantity 
Generic 
Number 
Description 


1.5 
74F74 
Dual 0 Flip-Flop 
2 
20R4 
24-pin PLO; 4 Registered 
Outputs 
1 


-c: 


20R6 
24-pin PLO; 6 Registered 
Outputs 
0.5 
74F244 
I 
Octal Tri-State 
Buffer 


Each PLO must have no more than 10 ns propagation delay for 33 MHz design. 
Each PLO must have no more than 15 ns propagation delay for 25 MHz design. 


0.3 MC68000/82596SX 


Quantity 
Generic 
Number 
Description 


1.5 
74F74 
Dual 0 Flip-Flop 
2 
20R4 
24-pin PLO; 4 Registered 
Outputs 
1 
20R8 
24-pin PLO; 8 Registered 
Outputs 


Each PLO must have no more than 15 ns propagation delay for 16 MHz design. 
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PROLOGUE 


AP-345 


At the time of this publication, 
the IEEE 
802.3's 
IOBASE-T task force is completing its work writing the 
Twisted Pair Ethernet standard, and the IEEE 802.3 
working group has approved the standard. The draft is 
finished, all that remains is for the IEEE Technical 
Committee on Computer Communications to approve 
the draft and to forward it to the IEEE Standards 
Board, which is expected in September 1990. The work 
now falls to the designers of IOBASE-T products to 
implement the standard correctly. The objective of this 
application note is to aid system designers to meet this 
goal. 


1.0 INTRODUCTION 


This application note is presented as an aid to designing 
a twisted pair Ethernet (TPE) LAN using Intel's TPE 
products and Intel's family of Ethernet LAN control- 
lers (82586, 82590, and the 82596 family). It is aimed at 
system designers working on TPE designs who have 
working knowledge of the IEEE 802.3 standards and 
some analog design expertise. It can be used in conjunc- 
tion 
with 
application 
note 
AP-274, 
Implementing 
Ethernet/ Cheapernet with the Intel 82586, by Kiyoshi 
Nishide. It supersedes AP-324 Implementing 
Twisted 
Pair Ethernet with the Intel 82504TA, 82505TA, and 
82521 TA. 


Intel has introduced the 82521TB Serial Supercompo- 
nent (SSC), the 8252~TB Medium Attachment 
Unit 
(MAU), the 82505TA Multiport Repeater Controller 
(MPR), and the 82506TB Twisted Pair MAU Chip 
(TPMC). 
They simplify the design of Twisted Pair 
Ethernet LANs based on the IOBASE-T standard. The 
IOBASE-T network is compatible with other ANSI/ 
IEEE 802.3 networks (e.g., IOBASE5and IOBASE2) at 


the medium access control (MAC) and physical signal- 
ing sublayers. This means that a twisted pair Ethernet 
LAN based on these products will be software compati- 
ble with 802.3 standard networks, and can be included 
in mixed networks by connection through a standard 
attachment unit interface (AUI) port of a repeater. 


A twisted pair Ethernet LAN using these products con- 
sists of several elements: data 
terminal 
equipment 
(DTE), 
medium attachment 
units (MAU), 
multiple 
port repeaters (MPR), and a cable plant. More complex 
networks, which connect to existing 802.3 networks 
(e.g., IOBASE5 or IOBASE2), can be constructed by 
using the 802.3-standard AUI port of the MPR. A typi- 
cal network using all of these elements is shown in Fig- 
ure 1. 


Four types ofDTE and MAU combinations are shown. 
Two are embedded MAUs (contained within the DTE) 
and two are external MAUs (connected to the DTE 
node through a standard AUI cable). The embedded 
MAU designs use either the 82521TB SSC or the 
82506TB TP MAU chip and its associated circuitry. 
One external MAU is the 82523TB, the other is based 
on the 82506TB. The repeaters are designed around the 
82505TA and also contain one 82504TA. Each repeater 
contains 11 twisted pair ports, with embedded MAUs, 
and I AUI port. 


The cable plant consists of standard telephone wire: 
either 4- or 25-pair, unshielded, twisted pair (26-22 
gauge). Each segment uses two twisted pairs, transmit 
(TD) and receive (RD), and can coexist with other 
services (such as standard telephone) in the same cable 
bundle. Each segment has a maximum length of lOOm. 
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2.0 SYSTEM 
DESCRIPTION 


AP-345 


2.1 
Network 
Description 


Table 1 compares the IOBASE-T network features with 
the older standards IOBASE5 and IOBASE2. 


2.1-1 MEDIUM 
ATTACHMENT 
UNIT 


The MAU, or transceiver, provides the circuits re- 
quired to interface to the twisted pair wire. It performs 
the following functions: line driving with precondition- 
ing, line receiving, collision detection, linkbeat trans- 
mission, link integrity processing, jabber protection, 
and signal_quality_error 
test. 
. 


MAU Line Drivers. The transmitter 
is designed to 
drive a 96-.11± 20% load (76 to 115 .11)and must meet 
all the specifications when connected to a 100-.11resis- 
tive load. It is de isolated from the twisted pair by a 
transformer, and has a matched source impedance of96 
.11± 20%. It will achieve a drive level of 2.2- to 2.8-V 
peak differential when driving a 100-.11load. When the 
driver is sending a IO-MHz data pattern all harmonics 
must be 27 db below the fundamental. The signal is 
Manchester encoded. The return loss of the transmitter 
shall be 15 db below the incident signal in the 5- to 10- 
Mhz range whenever the source impedance of the mea- 
s~ring device is between 85 and 111 .11.These specifica- 
tions applies whenever power is applied to the MAU. 


A preconditioning algorithm is incorporated into the 
tran~~it circuitry. This algorithm improves overall sys- 
~emjitter performance by reducing the amount of jitter 
induced by the twisted pair. The line drivers will drive 
full amplitude during "thin" (50 ns) pulses and the first 
half of "fat" (100 ns) pulses. They will reduce their 
drive level to approximately 33% during the second 
half of "fat" 
Manchester 
pulses. This prevents the 
twisted pair from overcharging during the fat pulses. 
Without 
this preconditioning, 
the overcharge would 
cause a delay in the zero crossing following the "fat" 


bit, resulting in greater induced jitter. Figure 2 shows 
the idealized output waveform for the preconditioned 
signal at the transmitter. 
Preconditioning 
the signal 
limits thejitter added by the MAU and a lOO-mtwisted 
pair cable to 3.5 ns (8.0 ns when the MAU is directly 
attached to a 100-.11load). 


The common mode to differential impedance balance of 
the transmitter must exceed 29 - 
(17 X log f/lO) db 
where f is the frequency in megahertz. The magnitud; 
of the total common output voltage will be less than 50 
mVpeak. Additionally, ~he application of a 15-Vpeak' 
1O.l-Mhz sine wave WIll not change the differential 
voltage by more than 100 mV or add more than 1.0 ns 
edge jitter for.all data sequences. 


MAU Line Receivers. The MAU line receivers are also 
de isolated by a transformer. 
They 
must 
have a 


matched differential impedance such that the return 
loss is at least 15 db below the incident signal in the 
range from 5 to 10 MHz whenever the source imped- 
ance of the measuring device is between 85 and 111 .11. 
It must operate properly in the presence of any valid 
Manchester signal with a magnitude of 0.585 to 3.l-V 
differential and up to ± 13.5 ns of edge jitter. It detects 
the End of Packet (IDL signal) within 2.3 bit times. 
The sque~chcircuit rejects as noise any of the following 
s~gnals:signals less than 300 mVpeak in magnitude, all 
signals less than 2 ~hz and ~.2 Vp_p.'and any sinusoid 
of single cycle duration startmg at either zero crossing 
and between 2 and 15 Mhz and less than 6.2 Vp-p' It 
can tolerate a 25- Vp-p' 5OO-kHzsquare wave and add 
no more than 2.5 ns of edge jitter to the signal. 


<:Ollision Detect. The MAU detects collisions by the 
simultaneous occurrence of activity on transmit and re- 
~ive pair. Collisions are detected by transmitting sta- 
nons and repeaters. When a transmitting station detects 
a c?llision it begins the normal 802.3 collision sequence 
of Jam, random back off, and retransmit. When a re- 
peater detects a collision it also begins a jam on all 
ports and it enforces the minimum frame length of 96 
bits. 


Table 
1 Comparison 
of Network 
Feat ures 


FEATURE 
10BASE-T 
10BASE5 
10BASE2 


Access Method 
CSMAlCD 
CSMAlCD 
CSMAlCD 
Data Rate 
10 Mb/s 
10 Mb/s 
10 Mb/s 
Controller 
82586/82596 
82586/82596 
\ 
82586/82596 


82590/82592 
82590/82592 
82590/82592 
Software 
Existing 
Existing 
Existing 
Segment 
Length 
100 m 
500 m 
185m 
Topology 
Star 
Bus 
Bus 


Wire 
Unshielded TP 
Yellow Coax 
, 
Thin Coax 
Impedance 


, 


96.11 
50.11 
50.11 
Connector 
RJ-45 
N or Piercing 
BNC 
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Figure 2. Preconditioned 
Waveform 


Loopback. During transmission without collision, the 
loopback function of the IOBASE-T MAU will also 
route the transmitted data back to the DTE on the 
receive circuit. This function mimics the natural data 
loopback which occurs in coax MAUs. 


Link Integrity. The link integrity function is a process 
by which the IOBASE-TMAU can det~rmine if its r~- 
ceiver is properly connected to a compatible MAU. If it 
is not, it disables its transmitter, receiver, and loopback 
functions. This prevents a one-way link failure from 
indefinitely disrupting the network, since the carrier 
sense function is dependent on the receiver.When a bad 
link disablesa MAU's carrier sensefunction, it removes 
itself from the network. 


The link integrity function is accomplished by two in- 
dependent and asynchronous activities--one for the 
transmitter and one for the receiver. The transmitter 
will fill long periods of idle with link test pulses (link 
beats). A link beat is transmitted after every 8 to 24 ms 
of silence.This definesa maximum period of silencethe 
remote receiver will experience regardless of network 
traffic. 


The receiver monitors its circuit for data packet and 
link beat reception from the remote MAU transmitter. 
If an excessively long period of silence occurs, the 
MAU will disable its receiver, transmitter, and loop- 
back functions. Link beats are still transmitted in this 
mode. Once data or link beat reception resumes, the 
MAU reenables all its functions. 


2.1.2 MULTIPLE 
PORT 
REPEATER 


The repeater is the central point in the star configured 
network. It is usually located in a telephone closet or 
other central wiring point. The link segments (repeater 
to node or repeater to repeater connections) are then 
made by using available twisted pairs in the existing 
telephone cable plant or a dedicated cable plant. The 
repeater must conform to the ANSI/IEEE 802.3c-1988 
standard for repeaters. It can have any number of dedi- 
cated IOBASE-T, IOBASE2, FOIRL, or IOBASE5. 
ports, and it can have any number of attachment unit 
interface (AUI) ports. The AUI ports are DTE type 
(DB-15 female receptacle) and can be connected to any 
valid 802.3 MAU. All dedicated IOBASE-Tports must 
support the same functions as the IOBASE-T MAU 
and normal repeater port functions. 


The repeater supports autopartitioning and jabber pro- 
tection. These two features prevent faulty nodes from 
taking down the entire network. The autopartition al- 
gorithm monitors ports for consecutive collisions such 
as would happen if a coax segment (IOBASE5 or 
IOBASE2)were left unterminated or if the Tx and Rx 
twisted pairs were shorted together on a IOBASE-T 
segment. Once identified, that port is removed from the 
network until the fault condition is removed; this al- 
lows the remainder of the network to operate normally. 
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The jabber function of the repeater monitors the length 
of incoming data. Ifit detects an abnormally long frame 
it breaks it into legal lengths by inserting minimum in- 
terframe spaces on its transmitted signal. This prevents 
any jabber condition from being repeated onto other 
segments. Repetition of the jabber condition would al- 
low its own, and other MAUs, to enter a fail state due 
'to faults at a remote location, thus preventing normal 
operation of the network after the fault condition is 
removed. With the repeater's jabber protection, net- 
work operation resumes after the fault is removed. 


2.1.3 DATA TERMINAL EQUIPMENT 


DTEs include the user nodes, file servers, bridges, and 
other entities that can originate and accept data packets 
on the network. DTEs contain the medium access con- 
trol (MAC) and physical layer signaling (PLS) sublay- 
ers. A DTE can also contain an embedded MAU. 
DTEs that do not have an embedded MAU have an 
AUI connector. DTEs with embedded MAUs have the 
medium dependent interface connector for that particu- 
lar 
MAU 
(RJ-45 
for 
lOBASE-T 
and 
BNC 
for 
10BASE2). The MAC functions are handled by the 
LAN controller (Intel's 82586, 82590, 82592, or the 
82596 family). The PLS functions are handled by the 
serial interface component (82C501AD) or a combina- 
tion PLS/MAU device (82504TA and 8252ITB). This 
architecture represents a continuity of design for migra- 
tion from Ethernet/Cheapernet 
designs to Twisted Pair 
Ethernet. Only the MAU part of the design needs to be 
updated. This is 100% software independent. 


2.1.4 LINK SEGMENTS 


A lOBASE-T link segment connects two twisted pair 
MAUs; it comprises two medium dependent interface 
connectors 
(RJ-45 
and 
8-pin, 
standard 
telephone 
plugs), two pairs of twisted pair wire (not to exceed 100 
m), and a crossover. The connector's pin assignments 
are shown in Table 2. 
TABLE 2. MOl CONNECTOR PIN ASSIGNMENTS 


Pin 
Signal 
i 
Transmit Data + (TO+ ) 
2 
Transmit Data - 
(TO-) 
3 
Receive Data + (RD+ ) 
4 
Not Used 
5 
Not Used 
6 
Receive Data - (RD -) 
7 
Not Used 
8 
Not Used 


The crossover function connects the TD outputs of one 
MAU to the RD inputs of the other. This function can 
be external or embedded within a MAU. If the function 
is embedded the signal names on the connector refer to 


the remote MAU. That is, pin 1 (TD+) 
on a MAU 


with an embedded crossover is connected to the Trans- 
mit Data (+) 
of the remote MAU and to its own Re- 


ceive Data (+). 
The crossover function is defined by 


the following connections between MAU A and MAU 
B shown in Table 3. 


TABLE 3. MAUA AND MAU B CONNECTIONS 


Pin 
MAUA 
MAUB 


Pin 
Signal 
Signal 
Pin 


1 
TD+(A) 
RD+(B) 
3 
2 
TD-(A) 
RD-(B) 
6 
3 
RD+(A) 
TD+(B) 
1 
6 
RD-(A) 
TD-(B) 
2 


When an embedded crossover function is used in a 
DTE-to-repeater 
connection the crossover is usually 


embedded in the repeater MAU. In general, repeater 
MAUs have an embedded crossover and DTE MAUs 
do not. With proper use of the crossover function, re- 
peaters can be cascaded through twisted pair ports and 
two DTEs can be connected in a point-to-point net- 
work. Repeaters can be cascaded two ways. First, one 
or more twisted pair ports on a repeater can be de- 
signed to have a switched (optional) crossover function. 
This allows a DTE connection on that port when the 
crossover is active; or a repeater connection, when the 
crossover is disabled. Secondly, two twisted pair ports 
with embedded crossovers can be,connected by using a 
third external crossover. 


2.2 Integrating 
with Existing 802.3 
Networks. 


Because lOBASE-T networks are fully compatible with 
existing 802.3 networks at the medium access control 
and physical layer signaling sublayers, lOBASE-T net- 
works can be integrated with existing 802.3 networks to 
form one large network. The IEEE standard for repeat- 
ers allows connecting different wire types in 10-Mb/s 
baseband networks. This is because the repeater defini- 
tion stops at the AUI connection (DTE sex). The wire 
type is determined by the MAU attached to the AUI 
connector, and can vary from port to port. Optionally, 
a repeater can have embedded MAUs on any of its 
ports. The only requirement for an embedded MAU is 
that functionality at the medium dependent interface 
point (e.g., coax tap or twisted pair connector) be main- 
tained as if the MAU were external. 


The 82505TA Multiport Repeater Controller provides 
embedded MAUs on 11 of its 12 ports, and an AUI 
connection on the remaining port. This allows creating 
local twisted pair subnetworks connected to an Ether- 
net backbone. Care must be taken not to violate the 
following system topology rules of 802.3 networks. 
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• Only one active signal path is allowed between any 
two stations on the network. 


• No more than four repeaters are allowed in the sig- 
nal path between any two stations on the network. 


• There is an overall limit of 1024 stations on a net- 
work (repeaters 'do not count as stations). 


2.3 Software 
Compatibility 


Because the IOBASE-T definition is restricted to the 
MAU, software is not affected. Twisted pair networks 
use the same LAN controller chips (82586, 82590, 
82592, and the 82596 family) as current Ethernet and 
Cheapernet networks and are fully software compati- 
ble. 


3.0 
NETWORK 
SYSTEM 
COMPONENT 
DESIGN 


The design of various IOBASE-T network system com- 
ponents is presented in this section.. First, DTEs with 
embedded MAUs, then external MAUs, and lastly re- 
peater designs. 


3.1 
Designing a DTE Node Based on 
the 82521TB Serial 
Supercomponent. 


A design for an 8252lTB based DTE node with an 
embedded MAU is shown in Figure 3. It includes all of 
the functions described in Section 2.1.1, thereby reliev- 
ing the designer of those responsibilities. It is simple to 
use and it does not require mastering pole-zero dia- 
grams. It is a direct interface from the Ethernet con- 
troller to the RJ-45 connector. Implementation of the 
Clear to Send (CTS) signal is optional. 


The layout of the 8252lTB and the RJ-45 connector 
should keep the TD +, TD -, 
RD + , and RD - 
signal 
lines as short as possible. The width of these signals 
should be at least twice the spacing between the signal 
trace layer and the ground plane. The power supply 
traces (VCc. 
VEE, and ground) should be as thick as 
possible, and bypass capacitors should be placed be- 
tween each power supply and ground. An alternating 
strategy of 0.1- and O.OOI-/AoFdecoupling capacitors 
should be used throughout the host circuit board. We 
also recommend laying out the 82521TB on a ground 
plane and connecting logic ground to chassis ground. 


, 
3.2 
Designing a DTE Node Based on 
the 82506TB Twisted 
Pair MAU 
Chip 


Figure 4 shows a DTE node with an embedded MAU 
based on the 82506TB. It shows the Ethernet LAN 
controller, the 82C501AD, an AUI transformer, 
the 
82506TB, the analog front-end, and the connector. As 
i~ previous Ethernet. designs, the LAN controller pro- 
vides the MAC services such as transmission deferral 
collision backoff and retransmission, CRC generatio~ 
and checking, and address checking. It also provides 
the host interface. The 82C50lAD provides the serial 
interface function of Manchester encoding and decod- 
ing and clock recovery. The 82506TB provides the 
MAU functions, which include carrier sense, collision 
detect link integrity, jabber protection, twisted pair line 
driving, and line receiving. The analog front-end han- 
dles the preconditioning summation, filtering. balanc- 
ing, and isolation requirements of IOBASE-T. 
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Figure 4. DTE Based on 82506TB 
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3.2.1 HOST TO ETHERNET 
LAN CONTROLLER 
INTERFACE 


The 82586 Ethernet LAN Controller interface is in- 
cluded in the Intel application note, AP-274. 


3.2.2 THE ETHERNET 
LAN CONTROLLER 
TO 
82C501AD 
INTERFACE 


The 82C50lAD 
to Ethernet controller interface con- 
sists of the direct connection of TxC, TxD, RxC, RxD, 
RTS (TEN), CRS, and CDT signals to the controller. 


A 20-MHz ± 0.01% crystal, or crystal oscillator, is 
recommended for clocking the 82C501AD. Many crys- 
tals that meet the requirements of the 82C50lAD are 
available commercially and are listed in the 82C50lAD 
data sheet. 


3.2.3 THE 82C501AD 
TO 82506TB 
INTERFACE 


The 82C50lAD 
to 82506TB interface is a standard 
AVI. It includes an isolation transformer to provide de 
common mode isolation. 


3.2.4 THE.82506TB 
TO ANALOG 
FRONT-END 
INTERFACE 
(AFE) 


The four transmit outputs of the 82506TB (HDA T, 
LDAT, HDAT, and LDAT) and two receive inputs 
(RD and RD) are connected to the analog front- end 
described in Section 4. The analog front- end handles 
preconditioning voltage summation, EMI filtering, and 
isolation. 


3.3 
Using the 82523TB Twisted 
Pair 
Ethernet MAU to Convert 
Existing 
Ethernet Nodes to 1OBASE-T 


Any Ethernet node that supports the AVI (DB-IS con- 
nector) can be converted to a lOBASE-T node by using 
the 82523TB MAV. A standard AVI cable is used to 
connect the DB-IS connectors on the node and the 
82523TB. The lOBASE-T cable then plugs into the RJ- 
45 receptacle and the node is connected. The interface 
is shown in Figure 5. 


Twisted Pair 
AUI Cable 
82523T8 
Twisted Pair MAU 


292080-5 


Figure 5. 82523TB Interface 


3.4 
Designing a MAU Using the 
82506TB Twisted 
Pair MAU Chip 


Figure 6 shows a stand-alone MAV design using the 
82506TB. It 
contains 
the same AVI 
transformer, 
82506TB, analog front-end, and connector as the em- 
bedded design. The serial interface functions and MAC 
services are contained in a separate DTE. The stand- 
alone MAV functions include carrier sense, collision 
detection, link integrity, jabber protection, twisted pair 
line driving, and line receiving. The analog front-end 
handles the preconditioning summation, filtering, bal- 
ancing, and isolation requirements of lOBASE-T. 


3.5 
Designing a Multiple Port Repeater 
Based on the 82505T A MPR 


Figure 7 shows an MPR based on the 82505TA (with 
one 82504TA). It contains 11 twisted pair ports with 
embedded MAVs and I AVI port. The 82505TA con- 
trols the operation of the repeater in accordance with 
ANSI/IEEE 
802.3c-1988 repeater unit specifications, 
which include signal retiming, automatic preamble gen- 
eration, autopartitioning, 
and jam signal generation. 
The 82504TA does Manchester decoding and clock re- 
covery while an incoming signal is active. Two address- 
able latches (74LS259s) are used to control the 16 LED 
indicators. A 4-to-16 decoder (74LSI54) is used to dis- 
able the transmitter of the receiving port during trans- 
mission without contention. The twisted pair port func- 
tions contain the line drivers, the line receivers, the fil- 
ter, and the isolation required for a twisted pair embed- 
ded MAV. In addition, one AVI interface is present to 
provide access to existing (IEEE 802.3) lO-Mb/s base- 
band segments. 


3.5.1 82505TA 
TO 82504TA 
INTERFACE 
AND 
CLOCK 
GENERATION 


The 
82505TA 
to 
82504TA 
interface, 
shown 
in 
Figure 4, is straightforward. 
It consists of six signals 
directly connected between the devices. The signals are 
TRxD, 
TPS, 
MCV, 
CRS, 
RxC, 
and 
RxD. 
The 
82504TA performs the Manchester decoding and clock 
recovery for the repeater. 


A single clock oscillator is recommended for clocking 
the 82505TA and 82504TA. The requirements are iden- 
tical to those shown for the DTE design using the 
82504TA. 


• Frequency Tolerance. ~0.01 % 
• Rise and Fall Times. ~ 5 ns 
• Duty cycle. 60/40% or better 


• Output. TTL compatible 
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Figure 6. MAU Based on 82506TB 
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3.5.2 TWISTED 
PAIR PORT DESIGN 
3.5.3 AUI PORT 


The twisted pair port circuit, shown in Figures 8 and 9, 
provides the lOBASE-T functions for each twisted pair 
port. It uses the same AFE (see Section 4) as the 
82506TB designs. 


82505TA to APE Transmit Interface. 
This interface 
converts the four transmit 
signals (TRMT, TRMT, 
PDC, and TPEN) from the 82505TA, and the port en- 
able (PEx) signal from the port disable control, to the 
four transmit signals of the analog front-end (TDH, 
TDL, TDH, and TDL). The design shown here uses an 
octal line driver (74ACT244) with the drivers paired. 


The circuit operates as follows. The TRMT and TRMT 
signal are XOR'd with the PDC signal to generate the 
proper logic signals for preconditioning. These signals 
are then gated by TXE (Transmit enable). a function of 
the TPEN signal and the PEx (Port Enable) signal. The 
signals are blocked whenever the repeater is idle, the 
Port Enable for this port is false, or the lOBASE-T 
state machines have disabled transmission. The gated 
signals then pass through the link beat generator. Link 
beats are broadcast during long periods of idle. The 
signals now pass to the 74ACT244 line drivers, through 
the APE, and onto the twisted pair. 


Line Receivers. The incoming receive signal passes 
through the AFE into a gated line receiver controlled 
by the squelch circuitry. The line receiver converts the 
received differential signal to TTL levels and feeds it to 
the MPR. The receiver can be designed with a zero 
crossing detector (e.g., NE521) and is gated with the 
TCSx signal. 


State Machines. The state machines are required by the 
lOBASE-T draft standard; they handle link integrity 
and jabber protection. The implementation shown uses 
an Intel 5CI80 EPLD. The equations are in iPLSII 
format and are in the appendix. 


Squelch Circuit. The squelch circuit distinguishes noise 
from valid link beats and incoming data on the receive 
pair by detecting signals above a preset voltage level. 
When there is no signal on the receive pair the squelch 
circuit deasserts the CARR and LINK signals. Link is 
asserted when a signal above the threshold arrives. 
CARR is asserted if the required number of bits are 
seen. This causes TCSx to assert and the line receiver to 
be enabled. 


The AUI port circuitry is shown in Figure 10. It com- 
prises interface circuits, the DO line drivers, two quad 
D-flip-flops (74FI75s), and terminated 
line receivers 


for the DI (squelch and data) and Cl (squelch only) 
circuits. 


The Cl squelch line receiver feeds the D-O and clear 
inputs for one of the quad D-flip-flop circuits. When a 
signal greater than the squelch offset is seen, the flip- 
flops are cleared and AUICDT is asserted. This contin- 
ues as long as Cl is active. Squelch receiver output is 
held high during the start of idle and the flip-flops set 
in sequence. After four clocks, 150 to 200 ns, the last 
flip-flop is set and AUICDT deasserts. It remains deas- 
serted during the entire idle period. 


The DI line receivers work in much the same way, ex- 
cept that activity on Cl, or an active transmission, will 
inhibit AUICRS. The data channel on DI is processed 
without a voltage offset and is gated by AUICRS. This 
way, the least amount ofjitter is added on the AUIRxD 
line and the data channel is not sensitive to idle noise. 


The DO line drivers are controlled 
by TPEN 
and 
PEll; 
the drivers should activate when both are assert- 
ed. A voltage divider is provided after the drivers to 
achieve the proper driver levels. 


3.5.4 PORT DISABLE 
CONTROL 


Port disable control is handled by a 74LSI54 4-to-16 
decoder. During transmission without contention the 
address of the originating port is given to the decoder 
and the control line asserted. This disables the trans- 
mitter to that port. When a transmit based collision 
occurs the control line to the decoder is deasserted and 
jam is broadcast on all ports. 


3.5.5 LED CONTROL 


Two 8-bit, addressable latches (74LS259s) handle this 
function. The controller cycles through the addresses 
for the LEDs each 105 ms and will turn each one on or 
off. The three least significant address bits (L2- La) for 
the LED control are fed to each 8-bit latch. The most 
significant address bit (L3) controls the enable line to 
the two packages. The LEDCTRL 
signal determines 


the state of the LED when it is strobed by LEDSTRB. 
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line coupling devices, the EMI filter, and high-voltage 
protection. 


A filter pack implementation is shown in Figure 12. 
Many designs are using this approach but this design 
has not yet been tested by Inte!. A final design version 
will also be ready in October of 1990,and will be avail- 
able through Inte! sales offices. 


4.1 
Preconditioning 
Voltage Summer 


The twisted pair output drivers are configured into a 
single matched impedance differential driver with the 
preconditioning voltage summing circuit. This circuit is 
designed to give a preconditioned differential signal. 
During "thin" pulses, and the first half of "fat" pulses, 
the differential driver provides 100% drive levelpower. 
During the second half of "fat" pulses it provides only 
33% drive level as required by the preconditioning al- 
gorithm. 


This circuit provides a constant source impedance 
whenever power is applied; this controls matching the 
driver impedance to the twisted pair cable impedance. 
This will limit reflections that would result in excessive 
noise. 


4.2 
High-Voltage 
Protection 


Protection should be provided to prevent the active de- 
vices being damaged by high-voltage transients from 
the twisted pair line. We recommend placing a pair of 
diodes on each of the four differential signals (two 


n"" 
J.Q..V.lllJll(;IlU 
Cl lUI.Cl 
WIUl 
lue 
iouowing 
cnaractens- 
tics. 


• Filter type 
• Pass band 
• Attenuation ~ 30 MHz 
• In-band insertion loss 
• In-band ripple 
• Group delay 
• Group delay variation 
• Impedance 


5-poleelliptical 
5 to iOMHz 


27 db 


1db 


<0.5 db (5 to 10Mhz) 


<50ns 
<5ns 
100nbalanced 


The impedance of the filter must be matched to both 
the transmitter impedance and the line impedance. 
Also, balance and grounding should be tightly con- 
trolled for proper operation. Due to these considera- 
tions we recommend a differential filter built symmetri- 
cally on each line of the differential pairs with the im- 
pedance matched at each end. 


4.4 
Line Coupling Devices 


The line coupling devices include the transformers and 
common mode choke. The transformers provide ac 
coupling between the line and the circuitry while pro- 
viding de isolation. The recommended minimum isola- 
tion is 2250 VDC, The windings should be identical to 
provide proper balance between the two ends of the 
transformers. 
To 
provide 
appropriate 
impedance 


matching in the frequency range of interest, the trans- 
formers should have appropriate primary and second- 
ary inductance (200 J.LHtypical) and minimal inter- 
winding capacitance « 
20 pp). 
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Figure 12_Filter Pack Front End 


The common 
mode choke 
rejects 
common 
mode radio 
frequency 
and 
electromagnetic 
interference 
picked 
up 
from the unshielded 
telephone 
lines. It should 
provide 
1000- Vde isolation 
between 
the windings. 
The common 
mode 
choke 
has four 
windings, 
each 
connected 
with 
proper 
polarity, 
in series with the receive and transmit 
twisted 
pairs. 
The balance 
of the choke 
is very impor- 
tant for providing 
proper 
noise cancellation 
while pass- 


ing through 
the differential 
signal 
unaffected. 
We rec- 


ommend 
a common 
mode 
to differential 
balance 
of 30 
db (measured 
according 
to the IOBASE-T 
draft specifi- 


cations) 
at all frequencies 
up to 20 MHz. 


, 


4.5 
Layout Considerations 


The power 
and ground 
wiring 
should 
conform 
to good 
high- 
frequency 
practice 
and 
standards 
to minimize 
switching 
transients 
and 
parasitic 
interaction 
between 
various 
circuits. 
To achieve 
this, 
the following 
guide- 
lines are presented. 


• 
Place bypass 
capacitors 
(0.1 and 0.001 ftF should 
be 
interspersed) 
on each IC between 
Vcc and ground. 
They should 
be located 
close to the Vcc pins. 


• 
Make 
power 
supply 
and ground 
traces 
as thick 
as 


possible. 
This will reduce 
high-frequency 
cross cou- 


pling caused 
by the inductance 
of thin traces. 


• 
Clock 
traces, 
and 
other 
high-frequency 
traces, 


should 
be have a width 
of at least twice the separa- 


tion between 
the trace and the nearest 
ground 
plane. 


• 
Connect 
logic and chassis 
ground 
together. 


• 
Separate 
and decouple 
all of the analog 
and digital 
power supply 
lines. 


• 
Close signal paths 
to ground 
as close as possible 
to 
their 
sources 
to avoid ground 
loops and noise cross 
coupling. 


• 
Connect 
all unused 
IC inputs 
(except 
as directed 
by 
the manufacturer) 
to ground 
or VCC to avoid noise 
injection 
or parasitic 
oscillations 
of unused 
circuits. 


• 
Use high-loss 
magnetic 
beads 
on power 
supply 
dis- 
tribution 
lines. 


• 
Group 
each of the receive and transmit 
circuits, 
but 
keep them 
separate 
from each other. 
Separate 
their 
grounds. 


• 
Layout 
all 
differential 
~ircuits 
symmetrically 
so 
parasitic 
effects are also symmetrical. 


• 
Layout 
the circuitry 
from the line connector 
to the 
active 
circuitry 
(especially 
the 
EMI 
filter) 
on 
a 
ground 
plane to prevent 
undesirable 
EM! 
effects. 
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This application note presented several designs meeting 
the IEEE 802.3 10BASE-T draft standard lOBASE-T. 
They use standard telephone twisted pair wiring and a 
star configuration for cost savings and flexibility. They 
use the same IEEE 802.3 standard for CSMA/CD me- 
dium access control and, where applicable, the physical 
layer signaling. This network type is fully software 
compatible with, and can connect to present Ethernet 
or Cheapernet networks. The hardware connection is 
made through an 802.3 defined AUI port and by com- 
plying with the repeater standard ANSI/IEEE 
802.3c- 
1988. 


Intel has introduced four products for designing net- 
work components (DTEs and repeaters). DTE design 
can be done with either the 8252lTA Serial Supercom- 
ponent or the 82506TB TP Transceiver Chip. The su- 
percomponent contains all the circuitry required be- 
tween the Ethernet controller and the RJ-45 connector. 
DTEs that support the AUI can be instantly connected 
to lOBASE-T networks using the 82523TB MAU su- 
percomponent. Multiple port repeaters can be designed 
using the 82505TA with an 82504TA. It allows for 11 
twisted pair ports and 1 AUI port. 
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PART: 
SC1SO 


INPUTS: 
TXCt, 
LID, WDTD, 
TPENt, 
PEx, 


TEST, CARR, 
LINK, 
RESET 


OUTPUTS: 
TCSx, 
LKBTt, 
TXE, WDT, 
SLOCLK, 
LI 


JT14 RESET, 
JTSS_RESET, 
LT_RESET, 
SCQ01, 
SCQ02, 
SCQ03, 
SCQ04, 
SCQOS, 
SCQ06, 
SCQ07, 
SCQOS, 
SCQ09, 
SCQ10, 
SCQll, 
SCQ12, 
SCQ13, 
DLINK, 
JTQ1, 
JTQ2, 
JTQ3, 
JTQ4, 
JTQS, 
JTQ6, 
JTQ7, 
JTQS, 
LTQ1, 
LTQ2, 
LTQ3, 
LTQ4, 
LTQS, 
LCQ1, 
LCQ2, 
JFQ1, 
LIFQ1, 
LIFQ2 


NETWORK: 


TXCn 
- INP(TXCt) 
LID 
- INP(LID) 
WDTD 
- INP (WDTD) 
TPENn 
- INP(TPENt) 
TEST 
= INP(TEST) 
CARRIER 
- INP(CARR) 
SLINK 
s 
INP(LINK) 
RESET 
- INP (RESET) 
PEx 
- INP(PEx) 


TCSx 
LKBTt 
LKBTI 
TXE 


- CONF(TCSx,VCC) 
- RONF(LBEATn,TXCn,GND,GND,VCC) 
- NORF(ILBEAT,TXCn,GND,GND) 
= CONF(TXE,VCC) 
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% Timer 
reset 
feedback 
macrocells 
% 
JT14 
RESET 
JT58_RESET 
LT 
RESET 


a NOCF(JTl4_RESETd) 
- NOCF(JT58_RESETd) 


D NORF(LT_RESETd,TXCn,GND,GND) 


% SLOCLK 
macrocells 
% 
SCQOl 
- NOTF(SCTOl,TXCn,RESET,GND) 
SCQ02 
- NOTF(SCT02,TXCn,RESET,GND) 
SCQ03 
- NOTF(SCT03,TXCn,RESET,GND) 
SCQ04 
- NOTF(SCT04,TXCn,RESET,GND) 
SCQ05 
- NOTF(SCT05,TXCn,RESET,GND) 
SCQ06 
- NOTF(SCT06,TXCn,RESET,GND) 
SCQ07 
- NOTF(SCT07,TXCn,RESET,GND) 
SCQ08 
NOTF(SCT08,TXCn,RESET,GND) 
SCQ09 
- NOTF(SCT09,TXCn,RESET,GND) 
SCQlO 
a NOTF(SCTlO,TXCn,RESET,GND) 
SCQll 
- NOTF(SCTll,TXCn,RESET,GND) 
SCQl2 = NOTF(SCTl2,TXCn,RESET,GND) 
SCQl3 
- NOTF(SCTl3,TXCn,RESET,GND) 
SLOCLK,SCQl4 
- TOTF(SCTl4,TXCn,RESET,GND,VCC) 
SLOCK = CLKB(SCQl4) 
DLINK 
- NORF(SLINK,TXCn,RESET,GND) 


% Jabber 
timer 
macrocells 
% 
JTQl 
- NOTF(JTTl,SLOCK,JTl4_RESET,GND) 
JTQ2 
- NOTF(JTT2,SLOCK,JTl4_RESET,GND) 
JTQ3 
- NOTF(JTT3,SLOCK,JTl4_RESET,GND) 
JTQ4 
- NOTF(JTT4,SLOCK,JT58_RESET,GND) 
JTQ5 
- NOTF(JTT5,SLOCK,JT58_RESET,GND) 
JTQ6 
- NOTF(JTT6,SLOCK,JT58_RESET,GND) 
JTQ7 
- NOTF(JTT7,SLOCK,JT58_RESET,GND) 
JTQ8 
- NOTF(JTT8,SLOCK,JT58_RESET,GND) 


% Link 
test 
timer 
macrocells 
% 
LTQl 
- NOTF(LTTl,SLOCK,LT_RESET,GND) 
~TC2 
~ NOTF(LTT2,SLOCK,LT_RESET,GND) 
LTQ3 
- NOTF(LTT3,SLOCK,LT_RESET,GND) 
LTQ4 
- NOTF(LTT4,SLOCK,LT_RESET,GND) 
LTQ5 
- NOTF(LTT5,SLOCK,LT_RESET,GND) 


% Link 
count 
macrocells 
% 
LCQl 
- NOTF(LCTl,TXCn,RESET,GND) 
LCQ2 
- NOTF(LCT2,TXCn,RESET,GND) 
292080-14 
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EQUATIONS: 
% Input 
controlled 
variables 
% 
output_active 
- 
!(TPENn + 
!PEx); 
output_idle 
- TPENn 
+ 
!PEx; 
input_active 
- CARRIER; 
input_idle 
= 
!CARRIER; 
link_test_rcvd 
SLINK*!DLINK; 


% Output 
equations 
% 
TCSx 
- 
input_active 
* 
!disable_receiver; 
ILBEAT 
linkbeat_timer_done; 
LBEATn. - 
!(ILBEAT 
* 
!LKBTI); 


TXE 
- 
!disable_driver 
* output_active; 
disable_driver 
- disable_driver_3 
+ disable_driver 
4; 


% Miscellaneous 
equations 
% 
link_count_is_3 
- LCQ2 
* LCQl; 
LCRESET 
- LINK_TEST_FAIL_RESET 
* 
!link_test_rcvd; 
LCCOUNT 
- LINK_TEST_FAIL_RESET 
* link_test_rcvd 
+ 
LINK_TEST_FAIL 
* 
link_test_rcvd 
* 


·link test_min_timer_done; 
LCTl 
= LCCOUNT 
+ LCRESET 
* 
LCQl; 
LCT2 
= LCCOUNT 
* 
LCQl 
+ LCRESET 
* 
LCQ2; 


% ------------------------------------------------------- 
% 


% 
SLOCLK 
counter 
equations 
% 
SCTOl 
VCC; 
SCT02 
- 
SCQOl; 
SCT03 
SCT02 
* 
SCQ02; 
SCT04 
SCT03 
* SCQ03; 
SCT05 
SCT04 
* SCQ04; 
SCT06 
SCT05 
* SCQ05; 
SCT07 
SCT06 
* SCQ06; 
SCT08 
SCT07 
* SCQ07; 
SCT09 
SCT08 
* SCQ08; 
SCTIC 
SCT09 
* 
~,..,,"n_ 
•.•••••• 
WVJI 
SCTll 
SCTlO 
* SCQlO; 
SCTl2 
TEST 
+ 
!TEST 
* SCTll 
* 
SCQll; 
SCTl3 
SCTl2 
* SCQl2; 
SCT14 
SCTl3 
* SCQl3; 


% JABBER 
timer 
equations 
% 
transmit 
timer 
done 
- JTQ5 
* NON 
JABBER 
OUTPUT; 
unjab_t~r_do~e 
- JTQ8 
* JTQ7 
*-UNJAB_WAIT; 
unjab_timer_not_done 
= 
!unjab_timer_donei 
linkbeat_timer_done 
= JTQ3 
* 
!NON_JABBER_OUTPUT 
* 
!LID; 
JTl4_RESETd 
= RESET 
+ NO_OUTPUT 
* 
output_active 
+ NON_JABBER_OUTPUT 
* output_idle; 
JT58_RESETd 
JTl4_RESETd 
+ JAB 
* output_idle; 
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JTTl 
- VCC; 
JTT2 
- 
JTTl 
* JTQ1; 
JTT3 
- 
JTT2 
* JTQ2; 
JTT4 
- 
JTT3 
* JTQ3; 
JTTS 
~ 
JTT4 
* JTQ4 
* JTCOUNT; 
JTT6 
JTTS 
* JTQS; 
JTT7 = JTT6 
* JTQ6; 
JTT8 = JTT7 
* JTQ7; 
JTCOUNT 
= 
!(JTQS 
* JTQ6 
* JTQ7 
* JTQ8); 


% LINK 
timer 
equations 
% 
link_loss_timer_done 
-LTQS 
*LTQ4 
*LTQ3 
*LTQ2 
*LTQl 
*IDLE_TEST; 
link_test_min_timer_done 
= 
(LTQ3 + LTQ4 
+ LTQS) 
* 
«IDLE_TEST) 
+ 
(LINK 
TEST 
FAIL»; 
link_test_min_timer_not_done 
~ 
!link_test_min_timer_done; 
link_test_max_timer_done 
- 
LTQS 
*-LINK_TEST_FAIL; 
LT_RESETd 
= IDLE_TEST 
* 
(input_active 
+ 
(link_test_rcvd 
* 
link_test_min_timer_done» 
+ LINK_TEST_FAIL_RESET 
+ LINK_TEST_FAIL 
* 
link_test_min_timer_done 
* 
link_test_rcvd 
+ LINK_TEST_FAIL_EXTEND; 


LTTl 
- 
LTCOUNT; 
LTT2 
- 
LTCOUNT 
* LTQ1; 
LTT3 
- 
LTCOUNT 
* LTQl 
* LTQ2; 
LTT4 
LTCOUNT 
* 
LTQl 
* 
LTQ2 
* LTQ3; 
LTTS 
LTCOUNT 
* LTQl 
* LTQ2 
* LTQ3 
* LTQ4; 
LTCOUNT 
= 
!(LTQl 
* LTQ2 
* LTQ3 
* 
LTQ4 
* 
LTQS); 
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% ------------------------------------------------------- 
% 
MACHINE: 
JABBER_FUNCTION 
CLOCK: 
TXCn 
CLEAR: 
RESET 


JFQl 
1 
o 
] 
1 
1 
1 
1 
o 
1 


STATES: 
NO OUTPUT 
NON 
JABBER 
OUTPUT 
- 
- 
JAB 
UNJAB_WAIT 


% JFQ2 
is WDT 
also 
% 
WDT 
o 
o 
1 
1 


NO OUTPUT: 
IF output_active 


NON 
JABBER 
OUTPUT: 
% 
start_transmit_timer 
% 
IF 
(output_active 
* transmit 
timer 
done 
* 
!WDTD) 
THEN 
JAB 
IF output_idle 
THEN 
NO OUTPUT 


JAB: 
IF output_idle 
IF output_active 
* WDTD 
ASSERT: 
disable_driver_3 


THEN 
UNJAB_WAIT 
THEN 
NO_OUTPUT 
% ASSERT 
WDT 
here 
% 


UNJAB_WAIT: 
% 
start_un jab_timer 
% 
IF output_active 
* unjab_timer_not_done 
* 
!WDTD 
THEN 
JAB 
IF unjab_tirner_done 
+ WDTD 
THEN 
NO 
OUTPUT 
ASSERT: 
disable_driver_3 
% ASSERT 
WDT 
here 
% 


292080-17 


1-592 


I 


I 


inter 
AP-345 


% ------------------------------------------------------- 
% 
MACHINE: 
LINK_INTEGRITY_FUNCTION 
CLOCK: 
TXCn 
CLEAR: 
RESET 


STATES: 
[ 
LI 
LIFQl 
LIFQ2 
1 
IDLE_TEST 
[ 
0 
0 
0 
1 
LINK 
TEST_FAlL_RESET 
[ 
1 
1 
0 
1 
LINK_TEST_FAIL 
[ 
1 
0 
0 
1 
LINK_TEST_FAIL_EXTEND 
[ 
0 
0 
1 
1 
ALIA 
[ 
0 
1 
1 
1 
ALIB 
[ 
0 
1 
0 
1 
ALIC 
[ 
1 
0 
1 
1 
ALID 
[ 
1 
1 
1 
1 


% 
start_link_loss_timer 
% 
% 
start_link_test_min_timer 
IF link_loss_timer_done 
* 
!LID 


% 
THEN 
LINK 
TEST 
FAIL_RESET 


LINK_TEST_FAIL 
RESET: 
IF 
link_test_rcvd 
* 
!LID * input_idle 
THEN 
LINK_TEST_FAIL 
IF 
input_active 
+ LID 
THEN 
LINK_TEST_FAIL_EXTEND 
ASSERT: 
disable_receiver 
disable_driver_4 


LINK_TEST_FAIL: 
% 
start_link_test 
min 
timer 
% 
% 
start_link_test_max_timer 
% 
IF input_active 
+ link_count_is_3 
+ LID 
THEN 
LINK_TEST_FAIL_EXTEND 
IF 
(link_test_max_timer_done 
+ 
(link_test_min_timer_not_done 
* link_test_rcvd» 
* 
!LID * input_idle 
THEN 
LINK_TEST_FAIL 
RESET 
ASSERT: 
disable_driver_4 
disable_receiver 


LINK_TEST_FAIL_EXTEND: 
IF 
input_idle 
* output_idle 
THEN 
IDLE 
TEST 
ASSERT: 
disable_driver_4 
disable_receiver 
ALIA: 
ALIB: 
ALIC: 
ALID: 


IDLE_TEST 
IDLE_TEST 
ID;LE_TEST 
IDLE_TEST 


END $ 
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PC586E 
CSMA/CD 
LAN EVALUATION BOARD 
• Supports 
Established 
CSMAICD 
LAN 
• Pipelined 
Access 
in 8-Bit Mode 
Standards: 
Increase 
Performance 
through 
- 
Ethernet 
(IEEE 802.3 10BASE5) 
Reduced 
Wait-States 
- 
Cheapernet 
(IEEE 802.3 10BASE2) 
• 16 Kbytes 
of Shared 
Memory-Mapped 
• Interfaces 
to Popular JBM and IBM 
SRAM Enables Higher Performance 
Compatible 
PC Systems: 
Network 
Operation 
-IBM 
PC, PC-XT, PC-AT (8-Bit Data 
• Reduces 
Design Complexity 
because 
Transfer) 
No 1/0 Address 
or DMA Channels 
-IBM 
PC-AT (16-Bit Data Transfer) 
Required 
• Jumper 
Selection 
Offers 
High Degree 
• High Efficiency 
Interleaved 
Memory 
of Flexibility 
in System 
Configuration: 
Access 
Permits 
Zero Wait-State 
Access 
- 
Up to 8 Address 
Decode 
Ranges 
by Host CPU for Most Cycles 
- 
Up to 8 Interrupt 
Lines 
- 
Ethernet 
(IEEE 802.3 10BASE5) 
• 8 Kbytes of "Remote 
Boot" EPROM 
- 
Cheapernet 
(IEEE 802.3 10BASE2) 
(Optional) 
Eliminates 
Need for Disk 
- 
Number 
of Wait-States 
Drives 
• Auto-Configuring 
for either 8-Bit or 
• Provides 
LAN Designer 
with a 
16-Bit Bus Systems 
Complete, 
High-Performance 
CSMAICD 
• On-Board 
Transceiver 
Provides 
Direct 
Ethernet/Cheapernet 
Solution 


Coaxial 
Connection 
for Cost-Effective 
Cheapernet 
Applications 


The PC586E evaluation 
board is a non-intelligent, 
buffered 
CSMAlCD 
LAN adapter 
card designed 
to demon- 
strate Intel's high-performance 
EthernetlCheapernet 
chip set. It provides 
IEEE 802.3 TYPE 10BASE5 
(Ether- 
net) and TYPE 
10BASE2 
(Cheapernet 
or thinwire 
Ethernet) 
connections 
for 
IBM PC, PC-XT, 
PC-AT 
and 
compatible 
systems. 
The PC586E combines 
the Intel 82586 LAN Coprocessor 
and the Intel 82C501 
Ethernet 


.Serial Interface 
with an on-board 
Ethernet 
Transceiver 
into a total EthernetlCheapernet 
solution. 
The card is 
easily installed 
in either an 8-bit or 16-bit PC expansion 
slot and then automatically 
configures 
itself for 8-bit or 
16-bit data transfers. 
Its jumpers 
offer 
a high degree 
of flexibility 
for system-dependent 
configuration. 
For 
Ethernet 
applications, 
the 82586/82C501 
pair provide the complete 
transceiver 
cable interface 
required by the 
IEEE 802.3 standard. 
In addition, 
the PC586E's 
on-board 
transceiver 
provides 
the entire coaxial 
cable 
inter- 
face for convenient, 
cost-effective 
Cheapernet 
systems. 


Analog 
Interface 


82C501 
82502 


Bus Int.rface 
Logic 
Word 
Assembly/Disassembly 


290196-1 
Figure 1. PC586E Block Diagram 


The PC586E 
is provided 
solely 
as an evalualion 
1001 for use in designing 
with Intet'e 82586 
chip set. It has not been tested 
for compliance 
to FCC 
requirements 
for EMI (Part 15. subpart 
j). Intel is not responsible 
for any misuse 
of this evaluation 
board. 
. 
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PC586E 


The PC586E is part of Intel's LAN Evaluation Board 
program. The board is intended to demonstrate the 
high-performance characteristics of the 82586 chip 
set in an adapter card application. The PC586E 
gives LAN engineers a head start in finding the best 
solution for their specific network problem. PC586E 
boards are shipped with detailed design documenta- 
tion (artwork and PAL equations also available). 


The PC586E is based on an Interleaved Local Mem- 
ory Access scheme with Static RAM dual-ported be- 
tween the 82586 LAN Coprocessor and the Host 
System CPU. Access to the board is purely Memory- 
Mapped, and therefore, no I/O ports or DMA chan- 
nels are required. In addition to the shared SRAM, 
the system supports a "Remote-Boot" EPROM and 
32 bytes of Address PROM. The 82586 has access 
only to the Static RAM. 


MEMORY 


The Local Memory consists of 16 Kbytes of Static 
RAM, 32 bytes of Address PROM, 16 Command 
Registers, and up to 8 Kbytes of "Remote Boot" 
EPROM (Optional). All of the Local Memory is 
mapped into unused memory space of the Host Sys- 
tem. Commands are issued to the PC586E by trans- 
ferring the instruction to a Command Register. The 
Command Registers are used for lssuinqthe Reset 
and Channel Attention signals to the 82586, en- 
abling interrupts and configuring the board. 


CONFIGURATION 


There are up to 8 jumper-selectable locations for the 
Local Memory and the Command Registers (four of 
these locations are mapped above the 1 Mbyte 
boundary, FFFFh). In addition, the jumpers are used 
for the Interrupt Request Signal which may be as- 
signed to anyone of eight Interrupt Request lines. 


The PC586E automatically detects if it is placed in 
an 8-bit or 16-bit expansion slot. When the PC586E 
is in a 16-bit slot, a Command Register is used to 
program the PC586E for either 8-bit or 16-bit data 
transfers. One of the Command Registers can also 
be used to disable the interrupt signal. 


INTERLEAVED 
MEMORY 
ACCESS 


The PC586E uses Interleaved Memory Access be- 
tween the 82586 LAN Coprocessor and the Host 
System CPU to increase system performance. One 
read or write access is allowed by the Host System 
for every read or write access by the 82586. In this 
way, high utilization of local memory/is achieved. 
The logic used is a "cycle-stealing" 
approach in 


which the 82586 is never given wait-states. This pre- 
cludes the need for wait-state logic for the 82586 
and allows the 82586 to run at 6 MHz. 


When the 82586 is inactive, the interleaving logic 
becomes transparent and the Host System may ac- 
cess the Local Memory with no wait-states (16-bit 
buses only). This provides about a 15% to 20% 
boost in bus performance. 


DESCRIPTION 
OF INTERLEAVE 
LOGIC 


Since the 82586's READY and HOLD ACKNOWL- 
EDGE signals are always active, only a simple arbi- 
ter is required. The Control Logic merely interleaves 
Host System accesses with 82586 accesses. When 
the 82586 is active, the Host System access will oc- 
cur during the first half of the 82586 "read/write" 
cycle. When the 82586 is inactive, the Host System 
access will occur at the speed of the Host Bus. 


If the Host System initiates access to the static RAM 
during T1 or T2 of the 82586 "read/write" 
cycle, it 
will complete operation without any additional wait- 
states. If the Host System should initiate access dur- 
ing T2 or T3 of the 82586 "read/write" cycle, a max- 
imum of three wait-states will be inserted for an 
8 MHz AT system. The maximum number of wait- 
states depends on the width and frequency of the 
Host System. 


WORD ASSEMBLY IDISASSEMBL 
Y 


For systems with 8-bit data buses, the PC586E has 
a special Word Assembly/Disassembly function. Ac- 
cess to the Static RAM may be made either as 8-bit 
or 16-bit operations. If 8-bit transfers are made, the 
Word Assembly/Disassembly logic is used to in- 
crease performance. 


WORD 
DISASSEMBLY 


An 8-bit "read" operation to an even address caus- 
es 16 bits of data to be read from the Static RAM. 
The first 8 bits are transferred onto the Host bus and 
the second 8 bits (corresponding to the odd ad- 
dress) are temporarily stored in a latch. When the 
subsequent "read" is made to the odd address, the 
data stored in the latch is copied onto the Host Bus. 
In this way, access to the Static RAM by the Host 
CPU is reduced by 50%. 


WORD ASSEMBLY 


An 8-bit "write" operation to an even address caus- 
es the data stored at this location to be temporarily 
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The Word Assembly/Disassembly function is only 
used for access to the Static RAM. All accesses to 
the Address PROM, Remote Boot EPROM and 
Command Registers are made as 8-bit transfers 
only. 


REMOTE 
BOOT EPROM 


An optional 8192 byte EPROM may be installed for 
either "Remote Boot" operation or general purpose 
ROM. Upon booting the system, the Host CPU 
searches for a 55AAh data pattern starting at ad- 
dress C8000h. If the pattern is not found, additional 
attempts will be made at subsequent addresses in 
2 Kbyte increments. If the pattern is found, the Host 
will then search for a jump instruction and a Cyclic 
Redundancy Check (CRG). If these are found, the 
CPU will begin executing the code at the location 
specified by the jump instruction. In order to take 
advantage of the "Remote Boot" option, the soft- 
ware on the EPROM must be able to configure the 
PC586E and copy the operating system through the 
network. This ability removes the need for disk 
drives. The EPROM may be used for general pur- 
pose storage instead of remote booting. In either 
case, only 8-bit "read" 
operations are permitted 
from this device. 


ETHERNET/CHEAPERNET 
SELECTION 


The PC586E Board is jumper-selectable to operate 
in either Ethernet (IEEE 802.3 10BASE5) or Cheap- 
ernet (IEEE 802.3 10BASE2) mode. 


ETHERNET 


In Ethernet mode, the 82586 LAN Coprocessor is 
used in conjunction with the Intel 62C501 Ethernet 
Serial Interface. Functions of the 82C501 include 


~. 
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plete, on-board, coaxial cable interface. 


COMPONENT 
DESCRIPTION 


82586 LAN Coprocessor 
- 
Implements a Complete CSMAlCD Data Link 


- 
Incorporates all Logic for Executing Time Critical 
Functions Independently of Host System 


- 
High-Level Command Interface Simplifies Soft- 
ware Programming 
- 
Supporting Industry CSMAlCD LAN Standards 
Ethernet (IEEE 802.3 10BASE5) 
Cheapernet (IEEE 802.3 10BASE2) 
- 
Provides On-Chip Memory Management with Au- 
tomatic Buffer Chaining and Reclaiming 
- 
Interfaces to Industry Standard 8-Bit and 16-Bit 
Microprocessors 
- 
Powerful System Interface 
On-Chip DMA Control Allows Up to 
5 Mbytes/Sec Bus Capacity 
8-Bit or 16-Bit Data Bus 
Back-to-Back Frame Reception at 10 Mb/s 
- 
Built-In Network Management and Diagnostics 
Transmission/Reception Error Reporting 
Network Activity and Error Statistics 
Station Diagnostics (External Loopback) 
Self Test Diagnostics 


The 82586 is an intelligent peripheral that complete- 
ly manages the 
processes 
of transmitting 
and 
receiving frames of data over the network, thus off- 
loading the Host CPU of communication manage- 
ment tasks. The 82586 features an on-chip DMA 
controller which allows it to access the local memory 
though an efficient buffer chaining mechanism. Oth- 
er features of the 82586 are the ability to perform 
network management activities including error and 
collision tallies and diagnostic capabilities via the in- 
ternal and external loopback function. Control of the 
82586 is through high level commands such as 
TRANSMIT and CONFIGURE. - 
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All information passed between the 82586 and the 
Host board is made through shared local memory. 
The Host may load the memory with a command 
and prompt the 82586 to execute. While receiving a 
packet, the 82586 loads receive buffers in local 
memory and, after completing the reception, inter- 
rupts the Host board to indicate that a packet has 
been received. 


82C501 
ETHERNET 
SERIAL 
INTERFACE 


- 
Direct Interface to the 82586 LAN Coprocessor 
and Ethernet Transceiver 
- 
Conforms to IEEE 802.3 10BASE5 (Ethernet) 
and IEEE 802.3 10BASE2 (Cheapernet) Specifi- 
cations 
- 
10 Mb/s Serial Data Rate 
- 
Manchester 
Encoding/Decoding 
and Receive 
Clock Recovery 
- 
10 MHz Transmit Clock Generation 
- 
Drives and Receives IEEE 802.3 AUI (Transceiv- 
er) Cable 
- 
Optional Watchdog Timer Prevents Babbling 
- 
Internal Diagnostic Loopback for Fault Detection 
and Isolation 
- 
Functionally Compatible with the SEEQ 8023A 


The 82C501 provides the Ethernet (IEEE 802.3 
10BASE5) or Cheapernet (IEEE 802.3 10BASE2) 
Serial Interface for the 82586 LAN Coprocessor. 
Major functions of the 82C501 include generation of 
the transmit and receive clock (10 MHz for Ethernet 
and Cheapernet), Manchester encoding/decoding 
of transmit and receive data, and interfacing the 
10BASE5 Access Unit Interface (AUI/Transceiver) 
cable. In addition, the 82C501 provides for fault iso- 
lation with internal diagnostic loopback. An on-chip 
watchdog timer prevents the station from locking up 
in the continuous transmit mode Gabbercontrol). 


PC586E Specifications* 


Software: 
- 
Network Software Drives are 
Currently Available for the Fol- , 
lowing Applications: 


UNIX/TCP-IP 
NovelllNetware 
(Additional Drivers to be An- 
nounced) 
- 
IBM PC, PC-XT, PC-AT and 
Compatible Systems 
Hardware: 


Cable 
Connections: 
- 
DB-15 Connector (Ethernet) 
- 
BNC Connector (Ct)eapernet) 
System 
Components: 
- 
Intel 82586 LAN Coprocessor 
- 
Intel82C501 Ethernet Serial 
Interface 
Memory Capacity: - 
Static RAM 


- 
General Address 
PROM 
- 
Bootable EPROM 


16 Kbytes 


'32 bytes 
8 Kbytes 
Memory Address 
Ranges: 
1.0COOOOh-OC7FFFh 
2.0C8000h-OCFFFFh 
3.0DOOOOh-OD7FFFh 
4.0D8000h-ODFFFFh 
5. FOOOOOh-F3FFFFh 
6.F40000h-F7FFFFh 
7. F80000h-FBFFFFh 
8. FCOOOOh-FFFFFFh 
- 
Board Master Clock 
24 MHz 
- 
82586-6 
6 MHz 


Frequency: 


8-Bit PC Bus 
Frequency (Max.):- 
4.77 MHz 
o Additional 
Wait-States 
o Additional 
Wait-States 
Not Supported 


-8MHz 


- 
>8MHz 
16-Bit AT Bus 
Frequency (Max.):- 
8 MHz 


Voltage Limits: 


o Additional 
Wait-States 
o Additional 
Wait-States 
1 Additional 
Wait-States 
- 
> 12 MHz 
Not Supported 
- 
+5V Input ±5% 
- 
+ 12V Input ±5% 


-10 
MHz 


-12 
MHz 


Current 
Requirements: 
- 
+ 5V Input 
- 
+ 12V Input 
Power Dissipation:- 
Maximum 
Temperature 
Range: 


3.0A' 
300 mA' 
18.6W' 


- 
Operating 
- 
Storage 
O°Cto + 55°C 
O°Cto + 70°C 


DIMENSIONS 
(Not Including Mounting Bracket) 


Length: 8.2 in. (20.8 cm) 
Height: 4.2 in. (10.7 cm) 
Width: 
0.7 in. (1.8 cm) 
'Preliminary, subject to change 
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1%. or 2 Stop Bits; False Start Bit 
Detection; 
Automatic 
Break Detect 
and 
Handling 


• 
Synchronous 
Baud Rate-DC 
to 64K 
Baud 


• 
28·Pin DIP Package 


• 
All Inputs and Outputs 
are TTL 
Compatible 


• 
Available'in 
EXPRESS 
and Military 
Versions 


The 
Intel@) 8251A 
is the 
industry 
standard 
Universal 
Synchronous/Asynchronous 
Receiver/Transmitter 
(USART), 
designed 
for data communications 
with Intel's microprocessor 
families 
such as MCS-48, 80, 85, and 
iAPX-86, 
88. The 8251A 
is used as a peripheral 
device 
and is programmed 
by the CPU to operate 
using 
virtually any serial data transmission 
technique 
presently 
in use (including 
IBM "bi-sync"). 
The USART accepts 
data characters 
from the CPU in parallel format 
and then converts 
them into a continuous 
serial data stream 
for transmission. 
Simultaneously, 
it can receive serial data streams and convert 
them into parallel data charac- 
ters for the CPU. The USART will signal the CPU whenever 
it can accept 
a new character 
for transmission 
or 
whenever 
it has received 
a character 
for the CPU. The CPU can read the complete 
status of the USART at any 
time. These 
include 
data transmission 
errors 
and control 
signals 
such as SYNDET, 
TxEMPTY. 
The chip is 
fabricated 
using Intel's 
high performance 
HMOS technology. 
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8251A 


FEATURES 
AND ENHANCEMENTS 
FUNCTIONAL 
DESCRIPTION 


The 8251A is an advanced design of the industry 
standard USART, the Intel@8251. The 8251A oper- 
ates with an extended range of Intel microproces- 
sors and maintains compatibility with the 8251. Fa- 
miliarization time is minimal because of compatibility 
and involves only knowing the additional features 
and enhancements, and reviewing the AC and' DC 
specifications of the 8251A. 


The 8251A incorporates all the key features of the 
8251 and has the following additional features and 
enhancements: 


• 8251A has double-buffered data paths with sepa- 
rate I/O registers for control, status, Data In,-and 
Data Out, which considerably simplifies control 
programming and minimizes CPU overhead. 
• In asynchronous operations, the Receiver de- 
tects and handles "break" automatically, reliev- 
ing the CPU of this task. 
• A refined Rx initialization prevents the Receiver 
from starting when in "break" state, preventing 
unwanted 
interrupts 
from 
a 
disconnected 
USART. 
• At the conclusion of a transmission, TxD line will 
always return to the marking state unless SBRK 
is programmed. 
• Tx Enable logic enhancement prevents a Tx Dis- 
able command from halting transmission until all 
data previously written has been transmitted. The 
logic also prevents the transmitter from turning 
off in the middle of a word. 
• When External Sync Detect is programmed, In- 
ternal Sync Detect is disabled, and an External 
Sync Detect status is provided via a flip-flop 
which clears itself upon a status read. 
• Possibility of false sync detect is minimized by 
ensuring that if double character sync is pro- 
grammed, the characters be contiguously detect- 
ed and also by clearing the Rx register to all ones 
whenever Enter Hunt command is issued in Sync 
mode. 


• As long as the 8251A is not selected, the RD and 
WR do not affect the internal operation of the 
device. 


• The 8251A Status can be read at any time but the 
status update will be inhibited during status read. 


• The 8251A is free from extraneous glitches and 
has enhanced AC and DC characteristics, provid- 
ing higher speed and better operating margins. 
• Synchronous Baud rate from DC to 64K. 


General 


The 8251A is a Universal Synchronous/ Asynchro- 
nous Receiver/Transmitter 
designed 'for 
a wide 
range of Intel microcomputers such as 8048, 8080, 
8085, 8086 and 8088. Like other I/O devices in a 
microcomputer system, its functional configuration is 
programmed by the system's software for maximum 
flexibility. The 8251A can support most serial data 
techniques in use, including IBM "bi-sync". 


In a communication environment an interface device 
must convert parallel format system data into serial 
format for transmission and convert incoming serial 
format data into parallel system data for reception. 
The interface device must also delete or insert bits 
or characters that are functionally unique to the 
communication technique. In essence, the interface 
should appear "transparent" to the CPU, a simple 
input or output of byte-oriented system data. 


Data Bus Buffer 


This 3-state bidirectional, 8-bit buffer is used to inter- 
face the 8251A to the system Data Bus. Data is 
transmitted or received by the buffer upon execution 
of INput or OUTput instructions of the CPU. Control 
words, Command words and Status information are 
also transferred through the Data Bus Buffer. The 
Command Status, Data-In and Data-Out registers 
are separate, 8-bit registers communicating with the 
system bus through the Data Bus Buffer. 


This functional block accepts inputs from the system 
Control bus and generates control signals for overall 
device operation. It contains the Control Word Reg- 
ister and Command Word Register that store the 
various control formats for the deviCefunctional defi- 
nition. 


RESET (Reset) 


A "high" 
on this input forces the 8251A into an 
"Idle" mode. The device will remain at "Idle" until a 
new set of control words is written into the 8251A to 
program its functional definition. Minimum RESET 
pulse width is 6 tCY (clock must be running). 


A command reset operation also puts the device 
into the "Idle" state. 
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Figure 3. 8251A Block Diagram Showing 
Data Bus Buffer and Read/Write 
Logic Functions 


CLK(Clock) 
CID 
RD 
WR 
'CS 


0 
0 
1 
0 
8251A DATA 
~ 
DATA BUS 
0 
1 
0 
0 
DATA BUS 
~ 
8251A DATA 
1 
0 
1 
0 
STATUS 
~ 
DATA BUS 
1 
1 
0 
0 
DATA BUS 
~ 
CONTROL 
X 
1 
1 
0 
DATA BUS 
~ 
3-STATE 
X 
X 
X 
1 
DATA BUS 
~ 
3-STATE 


The ClK 
input 
is used to generate 
internal 
device 
timing 
and 
is normally 
connected 
to the 
Phase 
2 
(TIl) 
output of the Clock Generator. 
No external 
in- 
puts or outputs 
are referenced 
to ClK 
but the fre- 
quency 
of ClK 
must be greater 
than 30 times the 
Receiver 
or Transmitter 
data bit rates. 


WR (Write) 
CID (Control/Data) 
A "Iow" 
on this 
input 
informs 
the 
8251A 
that 
the 
CPU is writing 
data or control 
words to the 8251 A. 
This input, 
in conjunction 
with the WR and RD in- 
puts, informs 
the 8251 A that the word on the Data 
Bus is either a data character, 
control 
word or status 
information. 
RD (Read) 


A "Iow" 
on this 
input 
informs 
the 
8251A 
that 
the 
CPU is reading 
data or status 
information 
from the 
8251 A. 


1 = CONTROL/STATUS; 
0 = DATA. 
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Transmitter 
Buffer 
CS (Chip Select) 


A "Iow" 
on this input selects 
the 8251 A. No reading 
or writ~ 
will occur 
unless 
the device 
is selected. 
When CS is !!!g!l, the Data Bus is in the float state 
and RD and WR have no effect 
on the chip. 


Modem Control 


The 8251A 
has a set of control 
inputs and outputs 
that can be used to simplify 
the interface 
to almost 
any modem. The modem control 
signals are general 
purpose 
in nature and can be used for functions 
oth- 
er than modem 
control, 
if necessary. 


DSR (Data Set Ready) 


The DSR input signal is a general-purpose, 
t-bit 
in- 
verting 
input port. Its condition 
can be tested 
by the 
CPU using a Status Read operation. 
The DSR input 
. 


is normally 
used to test modem 
conditions 
such as 
Data Set Ready. 


DTR (Data Terminal Ready) 


The 
DTR output 
signal 
is a general-purpose, 
t-blt 
inverting 
output port. It can be set "Iow" 
by program- 
ming the appropriate 
bit in the Command 
Instruction 
word. 
The 
DTR output 
signal 
is normally 
used for 
modem 
control 
such as Data Terminal 
Ready. 


RTS (Request to Send) 


The 
RTS output 
signal 
is a general-purpose, 
t-bit 
inverting 
output port. It can be set "Iow" 
by program- 
ming the appropriate 
bit in the Command 
Instruction 
word. 
The 
RTS output 
signal 
is normally 
used for 
modem 
control 
such as Request 
to Send. 


CTS (Clear to Send) 


A "Iow" 
on this input enables 
the 8251A to transmit 
serial data if the Tx Enable bit in the Command 
byte 
is set to a "one". 
If either a Tx Enable off or CTS off 
condition 
occurs 
while the Tx is in operation, 
the Tx 
will transmit 
all the data in the USART, written 
prior 
to Tx Disable 
command 
before 
shutting 
down. 


The 
Transmitter 
Buffer 
accepts 
parallel 
data 
from 
the Data Bus Buffer, converts 
it to a serial bit stream, 
inserts the appropriate 
characters 
or bits (based on 
the communication 
technique) 
and outputs 
a com- 
posite serial stream of data on the TxD output pin on 
the falling 
edge 
of TxC. The transmitter 
will begin 
transmission 
upon being 
enabled 
if CTS = O. The 
TxD line will be held in the marking state immediate- 
ly upon a master Reset or when Tx Enable or CTS is 
off or the transmitter 
is empty. 


Transmitter 
Control 


The Transmitter 
Control 
manages 
all activities 
asso- 
ciated with the transmission 
of serial data. It accepts 
and issues 
signals 
both externally 
and internally 
to 
accomplish 
this function. 


TxRDY (Transmitter 
Ready) 


This output 
signals 
the CPU that the transmitter 
is 
ready to accept a data character. 
The TxRDY output 
pin can be used as an interrupt 
to the system, 
since 
it is masked 
by TxEnable; 
or, for Polled 
operation, 
the CPU can check TxRDY using a Status Read op- 
eration. 
TxRDY 
is automatically 
reset by the leading 
edge of WR when 
a data character 
is loaded 
from 
the CPU. 


Note 
that 
when 
using 
the 
Polled 
operation, 
the 
TxRDY status bit is not masked by TxEnable, 
but will 
only indicate 
the Empty/Full 
Status 
of the Tx Data 
Input Register. 


TxE (Transmitter 
Empty) 


When 
the 
8251A 
has 
no characters 
to send, 
the 
TxEMPTY 
output 
will go "high". 
It resets 
upon 
re- 
ceiving 
a character 
from 
CPU 
if the transmitter 
is 
enabled. 
TxEMPTY 
remains 
high when the transmit- 
ter is disabled. 
TxEMPTY 
can be used to indicate 
the end of a transmission 
mode, 
so that 
the 
CPU 
"knows" 
when to "turn 
the line around" 
in the half- 
duplex operational 
mode. 


In the Synchronous 
mode, 
a "high" 
on this output 
indicates 
that a character 
has not been loaded 
and 
the SYNC character 
or characters 
are about to be or 
are being transmitted 
automatically 
as "fillers". 
Tx 
EMPTY does not go low when the SYNC characters 
are being shifted 
out. 
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TxC (Transmitter 
Clock) 


Figure 4. 8251A Block Diagram Showing 
Modem and Transmitter 
Buffer and Control 
Functions 


Receiver Control 


The Transmitter 
Clock controls 
the rate at which the 
character 
is to be transmitted. 
In the Synchronous 
transmission 
mode, 
the Baud Rate (1x) is equal to 
the 
TxC 
frequency. 
In Asynchronous 
transmission 
mode, the baud rate is a fraction 
of the actual TxC 
frequency. 
A portion 
of the mode instruction 
selects 
this factor; 
it can be 1, "'116 or 1,164 the TxC. 


For Example: 


If Baud Rate equals 
110 Baud, 
TxC equals 
110Hz 
in the 1x mode. 
TxC equals 
1.72 kHz in the 16x mode. 
TxC equals 7.04 kHz in the 64x mode. 


The falling 
edge of TxC shifts the serial data out of 
the 8251A. 


Receiver 
Buffer 


The Receiver 
accepts 
serial data, converts 
this seri· 
al input to parallel format, 
checks 
for bits or charac- 
ters that are unique to the communication 
technique 
and sends 
an "assembled" 
character 
to the CPU. 
Serial data is input to RxD pin, and is clocked 
in on 
the rising edge of RxC. 


This 
functional 
block 
rnanaqes 
all receiver-related 
activities 
which consists 
of the following 
features. 


The 
RxD 
initialization 
circuit 
prevents 
the 
8251A 
from mistaking 
an unused input line for an active low 
data line in the "break 
condition". 
Before starting 
to 
receive serial characters 
on the RxD line, a valid "1" 
must 
first 
be detected 
after 
a chip 
master 
Reset. 


Once this has been determined, 
a search 
for a valid 
low (Start bit) is enabled. 
This feature 
is only active 
in the asynchronous 
mode, 
and is only done 
once 
for each master 
Reset. 


The 
False 
Start 
bit detection 
circuit 
prevents 
false 
starts due to a transient 
nOiS(3spike by first detecting 
the falling edge and then strobinq 
the normal center 
of the Start bit (RxD = low). 


Parity error detection 
sets the corresponding 
status 
bit. 


The Framing 
Error status 
bit is set if the Stop bit is 
absent 
at the end of the data 
byte (asynchronous 
mode). 
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RxRDY (Receiver 
Ready) 


This output indicates that the 8251A contains a 
character that is ready to be input to the CPU. 
RxRDY can be connected to the interrupt structure 
of the CPU or, for polled operation, the CPU can 
check the condition of RxRDY using a Status Read 
operation. 


RxEnable, when off, holds RxRDY in the Reset Con- 
dition. For Asynchronous mode, to set RxRDY, the 
Receiver must be enabled to sense a Start Bit and a 
complete character must be assembled and trans- 
ferred to the Data Output Register. For Synchronous 
mode, to set RxRDY, the Receiver must be enabled 
and a character must finish assembly and be trans- 
ferred to the Data Output Register. 


Failure to read the received character from the Rx 
Data Output Register prior to the assembly of the 
next Rx Data character will set overrun condition er- 
ror and the previous character will be written over 
and lost. If the Rx Data is being read by the CPU 


when the internal transfer is occurring, overrun error 
will be set and the old character will be lost. 


RxC (Receiver 
Clock) 


The Receiver Clock controls the rate at which the 
character is to be received. In Synchronous Mode, 
the Baud Rate (1x) is equal to the actual frequency 
of RxC. In Asynchronous Mode, the Baud Rate is a 
fraction of the actual RxC frequency. A portion of the 
mode instruction selects this factor: 1, 1;'16 or 1;'64 the 
RxC. 


For Example: 


Baud Rate equals 300 Baud, if 
RxC equals 300 Hz in the 1x mode; 
RxC equals 4800 Hz in the 16x mode; 
RxC equals 19.2 kHz in the 64x mode. 
Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz in the 1x mode; 
RxC equals 38.4 kHz in the 16 mode; 
RxC equals 153.6 kHz in the 64 mode. 
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Data is sampled 
into the 8251A on the rising edge of 
RxC. 


NOTE: 
In most communication 
systems, 
the 8251A 
will be 
handling 
both the transmission 
and reception 
oper- 
ations 
of a single 
link. Consequently, 
the 
Receive 
and Transmit 
Baud 
Rates 
will 
be the 
same. 
Both 
TxC and 
RxC will require 
identical 
frequencies 
for 
this 
operation 
and 
can 
be tied together 
and 
con- 
nected 
to 
a single 
frequency 
source 
(Baud 
Rate 
Generator) 
to simplify the interface. 


SYNDET (SYNC Detect! 
BRKDET Break Detect) 


This pin is used in Synchronous 
Mode for SYNDET 
and may be used as either input or output, program- 
mable through 
the Control Word. It is reset to output 
mode 
low upon 
RESET. 
When 
used 
as an output 
(internal Sync mode), the SYNDET 
pin will go "high" 
to indicate 
that 
the 
8251 A has located 
the SYNC 


character 
in the Receive 
mode. If the 8251A 
is pro- 
grammed 
to use double 
Sync characters 
(bi-sync), 


then SYNDET 
will go "high" 
in the middle of the last 
bit of the second 
Sync character. 
SYNDET 
is auto- 
matically 
reset upon a Status 
Read operation. 


When 
used 
as 
an 
input 
(external 
SYNC 
detect 
mode), a positive 
going signal will cause the 8251 A 
to 
start 
assembli~ata 
characters 
on the 
rising 
edge 
of the 
next 
RxC. Once 
in SYNC, 
the 
"high" 


input signal can be removed. 
When 
External 
SYNC 
Detect 
is programmed, 
Internal 
SYNC Detect 
is dis- 
abled. 


BREAK (Async Mode Only) 


This output 
will go high whenever 
the receiver 
re- 
• 
mains 
low 
through 
two 
consecutive 
stop 
bit 
se- 
quences 
(including the start bits, data bits, and parity 
bits). Break Detect 
may also be read as a Status bit. 


It is reset only upon a master chip Reset or Rx Data 
returning 
to a "one" 
state. 


205222-6 


. 


\ 
ADDRESS 
BUS 
, 
, 
\ 


A. 
I 
CONTROL 
BUS 
\ 
1/0 R 
1I0W 
RESET 
fJ2 


CTTl) 
\ 
DATA 
BUS 
\ 


L~ 


8 
V 


CID 
CS 
07-0. 
RD 
WR 
RESET 
ClK 


8251A 


-, 


Figure 
6. 8251A 
Interface 
to 8080 Standard 
System 
Bus 


2·7 


DETAILED 
OPERATION 
DESCRIPTION 


8251A 


General 


The complete functional definition of the 8251A is 
programmed by the system's software. A set of con- 
trol words must be sent out by the CPU to initialize 
the 8251A to support the desired communications 
format. These control words will program the: BAUD 
RATE, CHARACTER LENGTH, NUMBER OF STOP 
BITS, SYNCHRONOUS or ASYNCHRONOUS OP- 
ERATION, EVEN/ODD/OFF 
PARITY, etc. In the 
Synchronous Mode, options are also provided to se- 
lect either internal or external character synchroni- 
zation. 


Once programmed, the 8251A is ready to perform its 
communication functions. The TxRDY output is 
raised "high" to signal the CPU that the '8251A is 
ready to receive a data character from the CPU.This 
output (TxRDY) is reset automatically when the CPU 
writes a character into the 8251A. On the other 
hand, the 8251A receives serial data from the MO- 
DEM or I/O device. Upon receiving an entire charac- 
ter, the RxRDY output is raised "high" to signal the 
CPU that the 8251A has a complete character ready 
for the CPU to fetch. RxRDY is reset automatically 
upon the CPU data read operation. 


The 8251A cannot begin transmission until the Tx 
Enable (Transmitter Enable) bit is set in the Com- 
mand Instruction and it has received a Clear To 
Send (CTS) input. The TxD output will be held in the 
marking state upon Reset. 
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"The second sync character is skipped if mode instruction has 
programmed the 8251A to single character sync mode, Both 
sync characters are skipped if mode instruction has programmed 
the 82511\to async mode. 


Figure 7. Typical 
Data Block 


Programming 
the 8251A 


Prior to starting data transmission or reception, the 
8251A must be loaded with a set of control words 
generated by the CPU. These control signals define 
the complete functional definition of the 8251A and 
must immediately follow a Reset operation (internal 
or external). 


The control words are split into two formats: 


1. Mode Instruction 
2. Command Instruction 


Mode Instruction 


This instruction defines the general operational 
characteristics of the 8251A. It must follow a Reset 
operation (internal or external). Once the Mode In- 
struction has been written into the 8251A by the 
CPU, SYNC characters or Command Instructions 
may be written. 


Command 
Instruction 


This instruction defines a word that is used to control 
the actual operation of the 8251A. 
_ 


Both the Mode and Command Instructions must 
conform to a specified sequence for proper device 
operation (see Figure 7). The Mode Instruction must 
be written immediately following a Reset operation, 
prior to using the 8251A for data communication. 


All control words written into the 8251A after the 
Mode Instruction will load the Command Instruction. 
Command Instructions can be written into the 8251A 
at any time in the data block during the operation of 
the 8251A. To return to the Mode Instruction format, 
the master Reset bit in the Command Instruction 
word can be set to initiate an internal Reset opera- 
tion which automatically places the 8251A back into 
the Mode Instruction format. Command Instructions 
must follow the Mode Instruction or Sync characters. 


Mode Instruction 
Definition 


The 8251A can be used for either Asynchronous or 
Synchronous data communication. To understand 
how the Mode Instruction defines the functional op- 
eration of the 8251A, the designer can best view the 
device as two separate components, one Asynchro- 
nous and the other Synchronous, sharing the same 
package. The format definition can be changed only 
after a master chip Reset. For explanation purposes 
the two formats will be isolated. 
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NOTE: 
When 
parity is enabled 
it is not considered 
as one 
of the 
data 
bits 
for 
the 
purpose 
of programming 
word 
length. 
The 
actual 
parity 
bit received 
on the 
Rx Data 
line cannot 
be read on the 
Data 
Bus. In 
the case of a programmed 
character 
length 
of less 
than 
8 bits, the least 
significant 
Data 
Bus bits will 
hold the 
data; 
unused 
bits are "don't 
care" 
when 
writing data to the 8251 A, and will be "zeros" 
when 
reading the data from the 8251A. 


Asynchronous 
Mode (Transmission) 


I 
Whenever 
a data character 
is sent by the CPU the 
8251 A automatically 
adds a Start bit (Iow level) fol- 
lowed by the data bits (least significant 
bit first), and 
the programmed 
number 
of Stop bits to each char- 
acter. Also, an even or odd Parity bit is inserted 
prior 
to the Stop bit(s), as defined 
by the Mode 
Instruc- 
tion. The 
character 
is then 
transmitted 
as a serial 
data stream 
on the TxD output. 
The serial 
data is 
shifted out on the falling edge of TxC at a rate equal 
to 1, 1/16, or 
1/64 that of the TxC, as defined 
by the 
Mode Instruction. 
BREAK characters 
can be contin- 
uously sent to the TxD if commanded 
to do so. 


When no data characters 
have been loaded into the 
8251A the TxD output remains 
"high" 
(marking) 
un- 
less 
a 
Break 
(continuously 
low) 
has 
been 
pro- 
grammed. 


Asynchronous 
Mode (Receive) 


The RxD line is normally 
high. A falling edge on this 
line triggers the beginning 
of a START bit. The validi- 
ty of this START bit is checked 
by again strobing 
this 
bit at its nominal 
center (16X or 64X mode only). If a 
low is detected 
again, it is a valid START bit, and the 
bit counter 
will start counting. 
The bit counter 
thus 
locates 
the center of the data bits, the parity bit (if it 
exists) 
and the stop bits. If parity error occurs, 
the 
parity error flag is set. Data and parity bits are sam- 
2 


pled on the RxD pin with the rising edge of the RxC. 
If a low level is detected 
as the STOP bit the Fram- 
ing Error flag will be set. The STOP bit signals 
the 
end of a character. 
Note that the receiver 
requires 
only one stop bit, regardless 
of the number 
of stop 
bits programmed. 
This character 
is then loaded 
into 
the parallel 
I/O buffer of the 8251A. The RxRDY pin 
is raised to signal the CPU that a character 
is ready 
to be fetched. 
If a previous 
character 
has not been 
fetched 
by the CPU, the present 
character 
replaces 
it in the 
I/O 
buffer, 
and the OVERRUN 
Error flag 


I S2 
I 
S, 
I 
EP 
I PEN 
IL2IL' 
I 
B21 
B, I 
L 


BAUD 
RATE 
FACTOR 


0 
1 
0 
1 


I 
I~ 
0 
0 
1 
1 


SYNC 
(lXI 
116XI 
I64XI 
MODE 


CHARACTER 
LENGTH 


0 
1 
0 
1 


- 
0 
0 
1 
1 


1I 
I 
5 
6 
7 
8 
BITS 
BITS 
BITS 
BITS 


PARITY 
ENABLE 
l' 
ENABLE 
O'DISABLE 


EVEN 
PARITY 
GENERATlON/CHE 
1· 
EVEN 
O· 
ODD 


NUMBER 
QF STOP 
BITS 


0 
1 
0 
1 


0 
0 
1 
1 
.., 


INVALID 
1 
1:1, 
2 
BIT 
BITS 
BITS 


CK 


(ONLY AFFECTS 
Tx; Rx 
NEVER 
REQUIRES 
MORE 
THAN ONE STOP BIT) 
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Figure 
8. Mode 
Instruction 
Format, 
AsynChronous 
Mode 
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is raised (thus the previous character is lost). All of 
the error flags can be reset by an Error Reset In- 
struction. The occurrence of any of these errors will 
not affect the operation of the 8251A: 


Once transmission has started, the data stream at 
the TxD output must continue at the TxC rate. If the 
CPU does not provide the 8251A with a data charac- 
ter before the 8251A Transmitter Buffers become 
empty, the SYNC characters (or character if in single 
SYNC character mode) will be automatically inserted 
in the TxD data stream. In this case, the TxEMPTY 
pin is raised high to signal that the 8251A is empty 
and SYNC characters are being sent out. TxEMPTY 
does not go low when the SYNC is being shifted out 
(see figure below). The TxEMPTY pin is internally 
reset by a data character being written into the 
8251A. 


Synchronous 
Mode (Transmission) 


The TxD output is continuously high until the CPU 
sends its first character to the 8251A which usually 
is a SYNC character. When the CTS line goes low, 
the first character is serially transmitted out. All char- 
acters are shifted out on the falling edge of TxC. 
Data is shifted out at the same rate as the TxC. 


TRANSMITTER OUTPUT 


GENERATED 
DODl ---- 
D. 
BY 825lA 


T.D 
MARKING 


RECEIVER INPUT 


DOESNOT APPEAR 
DODl ----D. 
ON THE DATA BUS 
tt 
t ~t--. 


DAT~B8 
PA:,r: 
y nQ 
I 


START 


. 
BIT 
R.D 


PROGRAMMED 
CHARACTER 
LENGTH 


TRANSMISSION FORMAT 


CPUBYTE (5·8 BITS/CHAR) 


DATA C~~RACTER 


ASSEMBLEDSERIAL DATA OUTPUT (T.D) 


~ 
TART 
DATA C'HARACTER 
SToD 
BIT 
BITS 
------~I~------~------~~ 


RECEIVE FORMAT 


SERIAL DATA INPUT (R.D) 


STOO 
BITS 
f-----'----'-- ....• 


DATA CHARACTER 


CPUBYTE (5·8 BITS/CHARI' 


DATA CH:~ACTER 
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-NOTE: 
If character lanqth is defined as 5, 6, or 7 bits the unused bits are set to "zero". 


Figure 9, Asynchronous 
Mode 
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AUTO MA TlCALL 
Y INSERTED 
BY USART 


T.D 


T.EMPTY 
-( 


NOMINAL 
CENTER OF LAST BIT 
205222-10 


Synchronous 
Mode (Receive) 
the USART ends the HUNT mode and is in charac- 
ter synchronization. The SYNDET pin is then set 
high, and is reset automatically by a STATUS READ. 
If parity is programmed, SYNDET will not be set until 
the middle of the parity bit instead of the middle of 
the last data bit. 


In this mode, character synchronization can be inter- 
nally or externally achieved. If the SYNC mode has 
been programmed, ENTER HUNT command should 
be included in the first command instruction word 
written. Data on the RxD pin is then sampled on the 
rising edge of RxC. The content of the Rx buffer is 
compared at every bit boundary with the first SYNC 
character until a match occurs. If the 8251A has 
been programmed for two SYNC characters, the 
subsequent received character is also compared; 
when both SYNC characters have been detected, 


In the external SYNC mode, synchronization is 
achieved by applying a high level on the SYNDET 
pin, thus forcing the 8251A out of the HUNT mode. 
The high level can be removed after one RxC cycle. 
An ENTER HUNT command has no effect in the 
asynchronous mode of operation. 


Iscs IESD I EP IPEN I 
L21 
L, I 
0 I 
0 I 
I 


CHARACTER 
LENGTH 


0 
1 
0 
1 


0 
0 
1 
1 


5 
6 
7 
8 
BITS 
BITS 
BITS 
BITS 


PARITY 
ENABLE 
---~. 
(1 = ENABLE) 
(0 = DISABLE) 


EVEN 
PARITY 
GENERATlON/CHE 
1 = EVEN 
0=000 


EXTERNAL 
SYNC 
DETECT 


1 = SYNDET 
IS AN 
INPUT 
o = SYNDET 
IS AN OUTPUT 


~NGLECHARACTERSYN 


CK 


C 
1 = SINGLE 
SYNC 
CHARACTER 
0= 
DOUBLE 
SYNC 
CHARACTER 
NOTE: 
In external 
sync mode, 
programming 
double 
character 
sync will affect 
only the Tx. 
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Figure 10. Mode Instruction 
Format, Synchronous 
Mode 
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Parity error 
and overrun 
error 
are both checked 
in 
the 
same 
way 
as in the 
Asynchronous 
Rx mode. 


Parity 
is checked 
when 
not in Hunt, 
regardless 
of 
whether 
the Receiver 
is enabled 
or not. 


The 
CPU can command 
the 
receiver 
to enter 
the 
HUNT mode if synchronization 
is lost. This will also 
set 
all the 
used 
character 
bits 
in the 
buffer 
to a 


"one," 
thus 
preventing 
a possible 
false 
SYNDET 
caused 
by data that happens 
to be in the Rx Buffer 
at ENTER HUNT time. Note that the SYNDET 
F/F is 


reset 
at each 
Status 
Read, 
regardless 
of whether 
internal 
or external 
SYNC 
has been 
programmed. 


This 
does 
not 
cause 
the 
8251A 
to 
return 
to the 
HUNT 
mode. 
When 
in SYNC 
mode, 
but 
not 
in 
HUNT, Sync Detection 
is still functional, 
but only oc- 
curs at the "known" 
word boundaries. 
Thus, if one 
Status 
Read 
indicates 
SYNDET 
and 
a 
second 
Status 
Read also indicates 
SYNDET, 
then the pro- 
grammed 
SYNDET 
characters 
have been received 
since the previous 
Status Head, (If double character 
sync has been programmed, 
then both sync charac- 
ters have been contiguously 
received to gate a SYN- 
DET indication). 
When 
external 
SYNDET 
mode 
is 
selected, 
internal 
Sync 
Detect 
is disabled, 
and the 
SYNDET 
F/F 
may be set at any bit boundary. 


COMMAND 
INSTRUCTION 
DEFINITION 


Once 
the 
functional 
definition 
of 
the 
8251A 
has 
been programmed 
by the Mode 
Instruction 
and the 


Sync characters 
are loaded 
(if in Sync Mode) 
then 
the device 
is ready to be used for data communica- 
tion. The Command 
Instruction 
controls 
the actual 
operation 
of the selected 
format. 
Functions 
such as: 


Enable 
Transmit/Receive, 
Error Reset 
and Modem 
Controls 
are provided 
by the Command 
instruction. 


Once the Mode Instruction 
has been written 
into the 
8251A 
and Sync characters 
inserted, 
of necessary, 


then all further "control 
writes" 
(CID = 1) will load a 
Command 
Instruction. 
A Reset Operation 
(internal or 
external) 
will return the 8251A 
to the Mode Instruc- 
tion format. 


NOTE: 


Internal 
Reset on Power-up: 


When power is first applied, the 8251 A may come up 
in the Mode, Sync character 
or Command 
format. To 
guarantee 
that 
the 
device 
is in the 
Command 
In- 
struction 
format 
before 
the 
Reset 
command 
is is- 
sued, it is safest to execute 
the worst-case 
initializa- 
tion 
sequence 
(sync 
mode 
with 
two 
sync 
charac- 
ters). Loadin9.. three OOHs consecutively 
into the de- 
vice with CID 
= 
1 configures 
sync operation 
and 
writes two dummy 
OOH sync characters. 
An Internal 
Reset command 
(40H) may then be issued to return 
the device to the "idle" 
state. 


cpu 
BYTES 
(5·8 BITS/CHAR) 


DATA 
CH~RACTERS 


ASSEMBLED 
SERIAL 
DATA 
OUTPUT 
IT .• D) 


c~Y:~ 
2 
DATA 
CH~~t-A_C_TE_R_S 
_ 
SYNC 


CHAR 
1 


RECEIVE 
FORMAT 


SYNC 


CHAR 
1 


SERIAL 
DATA 
INPUT 
(RxD) 


SYNC 
DATA 
CHA;RA:CTERS 
CHAR 
2 
~--- 


CPu BYTES 
(5·8 BITS/CHAR) 


DATA 
CH:~ACTERS 
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Figure 11. Data Format, Synchronous 
Mode 
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0, 
D~ 
0, 
I EH I 
IR IRTS 
I 
ER 
ISBRKI 
RxE 
I DTR 
IhEN 
L 
TRANSMIT 
ENABLE 


.~ 
1 ~ enable 
o ~ disable 


.. 
DATA 
TERMINAL 


READY 


" 
,. 
"high" 
Will 
force 
DTR 


output 
to zero 


, 


, .. 
RECEIVE 
ENABLE 
1 ~ enable 
o ~ disable 


. 


SEND 
BREAK 


CHARACTER 
. 
1 ~ forces TxD "Iow" 
o ~ normal operation 


.- 
ERROR 
RESET 
1 ~ reset error flags 


PE. OE. 
FE 


c 


REOUEST 
TO 
SEND 


"high" 
Will 
force 
RTS 


output 
to zero 


INTERNAL 
RESET 


"high'· 
returns 
8251 A to 


Mcxte Instruction 
Format 


ENTER HUNT MODE' 
1 - enable search for Sync 
Characters 


'(HAS 
NO EFFECT IN 
ASYNCMODE) 
NOTE: 
Error Reset must be performed whenever RxEnable and Enter Hunt are programmed. 
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Figure 12_ Command 
Instruction 
Format 


STATUS 
READ DEFINITION 
A normal "read" command is issued by the CPU 
with CID = 1 to accomplish this function. 


Some of the bits in the Status Read Format have 
identical meanings to external output pins so that 
the 8251A can be used in a completely polled or 
interrupt-driven environment. TxRDY is an excep- 
tion. 


In data communication systems it is often necessary 
to examine the "status" of the active device to as- 
certain if errors have occurred or other conditions 
that require the processor's attention. The 8251A 
has facilities that allow the programmer to "read" 
the status of the device at any time during the func- 
tional operation. (Status update is inhibited during 
status read.) 
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Note that status update can have a maximum delay of 28 clock periods from the actual event affecting the 
status. 


D7 
D, 
I 


DSR I SYNDETI I 
Ft I 


OE I 


PE IT.EMPTyl 
R.RDY I TxRDY 
BRKDET 


I 
1 
1 
~ 


I-- 


SAME 
DEFINITIONS 
AS 
110 
PINS 


PARITY 
ERROR 


The PE flag is set when 
a parity 


error 
is detected. 
It is reset by 
the ER bit of the Command 


Instruction. 
PE does not 
IOhlblt 


operation 
of the 8251 A. 


OVERRUN 
ERROR 


The 
OE 
flag" 
set 
when 
the 
CPU 
does not read a character 
before 
the next 
one becomes 
available. 
~ 
It 
IS reset by the ER bit of the 


Command 
Instruction. 
OE does 
not inhibit 
operation 
of the 8251 A 
however. 
the previously 
overrun 
character 
IS lost. 


FRAMING 
ERROR 
IAsyne 
only 
I 


The FE flag 
IS set when 
a valid 
Stop 
bit 
IS not detected 
at the 


end of every character. 
It IS reset 
by the E A bit of the Command 
Instruction. 
FE does not inhibit 
the operation 
of the 8251 A. 


1- 
, 


DATA 
SET 
READY: 
Indicates 
that 
the DSR 
IS at a zero level. 
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NOTE: 
1. TxRDY 
status 
bit has different 
meanings 
from the TxRDY 
output 
pin. The former 
is not conditioned 
by CTS and TxEN; 


the latter is conditioned 
by both CTS and TxEN. 


i.e. TxRDY 
status 
bit = DB Buffer 
Empty 
TxRDY 
pin out = DB Buffer 
Empty. 
(CTS = 0) • (TxEN = 1) 


Figure 13. Status Read Format 
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APPLICATIONS 
OF THE 8251A 


ADDRESS 
BUS 


CONTROL 
BUS 


DATA 
BUS 


r----' 
I------tl 
EIA 
TO TTL 
I' 
1 
CONVERT 
1 
J---- 
(OPT) 
L 
.I 
8251A 


BAUD 
RATE 
GENERATOR 
CRT 
TERMINAL 


T.C_-- 
..•...---t 
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Figure 14. Asynchronous 
Serial Interface to CRT Terminal, 
OC-9600 
Baud 


c.: 
---'-iADDRESS BUS 


SYNCHRONOUS 
TERMINAL 
OR PERIPHERAL 
DEVICE 


SYNDET I----~ 
•.• 
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Figure 15. Synchronous 
Interface 
to Terminal 
or Peripheral 
Oevh:e 


2-15 


• 


inter 
8251A 


APPLICATIONS 
OF THE 8251A (Continued) 


PHONE 


LINE 
INTER· 


FACE 


TELEPHONE 
LINE 
205222-16 


Figure 16. Asynchronous 
Interface 
to Telephone 
Lines 


PHONE 


LINE 
INTER- 


FACE 
SYNC 
MODEM 
SYNOET 


CTS 


RTS 


DSR 


DTR 


TELEPHONE 


LINE 
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Figure 17. Synchronous 
Interface 
to Telephone 
Lines 


NOTES: 
1. AC timings 
measured 
VOH = 2.0 VOL = 0.8, and with load circuit 
of Figure 
18. 


2. Chip Select 
(CS) and Command/Data 
(C/D) 
are considered 
as Addresses. 
3. Assumes 
that Address 
is valid before 
RD -J... 
4. This recovery 
time is for Mode 
Initialization 
only. Write 
Data is allowed 
only when 
TxRDY 
= 1. Recovery 
Time 
between 
Writes 
for Asynchronous 
Mode 
is 8 tcy 
and for Synchronous 
Mode is 16 tcy. 


5. The TxC and RxC frequencies 
have the following 
limitations 
with respect 
to ClK: 
For 1x Baud Rate, fTx or fRx ,;; 


1/(30 
tcy): 
For 16x and 64x Baud Rate, fTx or fRx ,;; 1/(4.5 
tcy). 
This applies 
to Baud Rates less than or equal to 64K Baud. 


6. Reset 
Pulse Width = 6 tcy 
minimum; 
System 
clock 
must be running 
during 
Reset. 


7. Status 
update 
can have a maximum 
delay of 28 clock 
periods 
from the event 
affecting 
the status. 
8. In external 
sync 
mode 
the tes spec. 
requires 
the ratio of the system 
clock 
(clock) 
to receive 
or transmit 
bit ratios 
to be 
greater than 34. 
9. A float is defined 
as the point where 
the data bus falls below 
a logic 1 (2.0V 
@ IOH limit) or rises above 
a logic 
0 (0.8V 
@ 
IOLlimit). 
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ABSOLUTE 
MAXIMUM 
RATINGS* 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage 
on Any Pin 
with Respect to Ground 
- 0.5V to + 7V 


Power Dissipation 
1W 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
TA = O°C to 70°C, VCC = 5.0V ± 10%, GND = OV' 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


Vll 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
VCC 
V 


VOl 
Output Low Voltage 
0.45 
V 
IOl = 2.2 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400,.,.A 


IOFl 
Output Float Leakage 
±10 
,.,.A 
VOUT = vcc to 0.45V 


III 
Input Leakage 
±10 
,.,.A 
VIN = vcc to 0.45V 
'cc 
Power Supply Current 
100 
ma 
All Outputs = High 


CAPACITANCE 
TA = 25°C, vcc = GND = OV 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz 


CI/O 
l/O Capacitance 
20 
pF 
Unmeasured 
pins returned 
toGND 


A.C. CHARACTERISTICS 
TA = O°C to 70°C, VCC = 5.0V ± 10%, GND = OV' 


Bus Parameters 
(Note 1) 


READ CYCLE 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAR 
Address 
Stable Before READ (CS, CID) 
0 
ns 
(Note 2) 


tRA 
Address 
Hold Time for READ (CS, CID) 
0 
ns 
(Note 2) 


tRR 
READ Pulse Width 
250 
ns 


tRO 
Data Delay from READ 
200 
ns 
3, Cl = 150 pF 


tOF 
READ to Data Floating 
10 
100 
ns 
(Note 1, 9) 


WRITE 
CYCLE 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


tAW 
Address 
Stable Before WRITE 
0 
ns 


tWA 
Address 
Hold Time for WRITE 
0 
ns 


tww 
WRITE Pulse Width 
250 
ns 


tow 
Data Set-Up Time for WRITE 
150 
ns 


two 
Data Hold Time for WRITE 
20 
ns 


tRY 
Recovery 
Time Between 
WRITES 
6 
tcy 
(Note 4) 
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A.C. CHARACTERISTICS 
(Continued) 


OTHER 
TIMINGS 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tcy 
Clock Period 
, ' 
320 
1350 
ns 
(Note 5, 6) 


tcj> 
Clock High Pulse Width 
120 
tCy-90 
ns 
4 
Clock Low Pulse Width 
90 
ns 


tR, tF 
Clock Rise and Fall Time 
20 
ns 
, 


tDTx 


._- 


TxD Delay from Falling Edge of TxC 
1 
/Ls 


fTx 
Transmitter 
Input Clock Frequency 
1x Baud Rate 
DC 
64 
kHz 
16x Baud Rate 
DC 
310 
kHz 


, 
64x Baud Rate 
DC 
615 
kHz 


tTPW 
Transmitter 
Input Clock Pulse Width 
1x Baud Rate 
12 
tCY 
16x and 64x Baud Rate 
1 
tcy 


tTPD 
Transmitter 
Input Clock Pulse Delay 
1x Baud Rate 
15 
tcy 
16x and 64x Baud Rate 
3 
tcy 


fRx 
Receiver 
Input Clock Frequency 
1x Baud Rate 
DC 
64 
kHz 
16x Baud Rate 
DC 
310 
kHz 
64x Baud Rate 
DC 
615 
kHz 


tRPW 
Receiver 
Input Clock Pulse Width 
1x Baud Rate 
12 
tcy 
16x and 64x Baud Rate 
1 
tcy 


tRPD 
Receiver 
Input Clock Pulse Delay 
1x Baud Rate- 
15 
tCY 
16x and 64x Baud Rate 
3 
tCY 


tTxRDY 
TxRDY Pin Delay from Center of Last Bit 
14 
tCY 
(Note 7) 


tTxRDY CLEAR 
TxRDY J- from Leading Edge of WR 
400 
ns 
(Note 7) 


tRxRDY 
RxRDY Pin Delay from Center of Last Bit 
26 
tcy 
(Note 7) 


tRxRDY CLEAR 
RxRDY J- from Leading Edge of RD 
400 
ns 
(Note 7) 


tlS 
Internal SYNDET 
Delay from Rising 
26 
tCY 
(Note 7) 
Edge of RxC 


tES 
External SYNDET Set-Up Time After 
16tCY 
tRPD-tCY 
ns 
(Note 7) 
Rising Edge of RxC 


tTxEMPTY 
TxEMPTY 
Delay from Center of Last Bit 
20 
tCY 
(Note 7) 


twc 
Control Delay from Rising Edge of 
8 
tCY 
(Note 7) 
WRITE (TxEn, DTR, RTS) 


tCR 
Control to READ Set-Up Time (DSR, CTS) 
20 
tCY 
(Note 7) 


"NOTE: 
For Extended Temperature EXPRESS.use MIL 8251A electrical parameters. 
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A.C. CHARACTERISTICS 
(Continued) 


TYPICAL 
11OUTPUT 
DELAY 
VS. 11CAPACITANCE 
(pF) 


+2or------,-------.-------r--~--~ 


+10 


E 
> 
<I: 
..J 
W0 
0 
...~ 
e,...~ 
0 
• 


.., 


-10 


-~oo~--L-~~----~0-------+~L------+~100 


.:> CAPACITANCE 
(pFI 
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A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 
"=X 
x:= 


2.0 
2.0 
> TEST 
POINTS 
~ 
0.' 
0.' 
0.45 
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AC Testing: Inputs are driven at 2.4V for a Logic "1" 
and 0.45V 
for a Logic "0". 
Timing measurements 
are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


WAVEFORMS 


A.C. TESTING 
LOAD CIRCUIT 


8251A 
OUT 


lCl 
- 
I, 
":" 


Cl 
= 150 pF 
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Figure 18 


SYSTEM 
CLOCK 
INPUT 


CLOCK 0 
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TRANSMITTER 
CLOCK 
AND DATA 


I\) 
No 


~(1xMOOEI 


Tie (' •• MODEI 


hDATA 
--1 1=tOTX 
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WAVEFORMS 
(Continued) 
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(CPU 
~ 
USART) 
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READ CONTROL 
OR INPUT 
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NOTES: 
1. Twc includes 
the response 
timing 
of a control 
byte. 
2. TCR includes 
the effect 
of CTS on the TxENBL 
circuitry. 
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Example 
Format = 7 Bit Character 
With 
Parity & 2 Stop 
Bits. 
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= 7 Bit Character 
With 
Parity & 2 Stop 
Bits 
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Example Format = 5 Bit Character With Parity, 2 Sync Characters. 
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Sync. 2 Sync Characters. 
5 Bits With Parity. 
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82050 
ASYNCHRONOUS 
COMMUNICATIONS 
CONTROLLER 
• Asynchronous 
Operation 
• Seven 1/0 Pins 
- 
5- to 8-Bit Character 
Format 
- 
Dedicated 
Modem 
1/0 
- 
Odd-, Even-, or NO-Parity Generation 
- 
General 
Purpose 
1/0 
and Detection 
• No- TTL Interface 
to Most Intel 
- 
Serial Bit Rate: DC to 56 Kb/s 
Processors 
• Programmable, 
16-Bit Baud Rate 
• Internal 
Diagnostics 
with Local 
Generator 
Loopback 
• System 
Clock 
• Complete 
Interrupt 
and Status 
- 
On-Chip Crystal 
Oscillator 
Reporting 
- 
Externally 
Generated 
Clock 


28-Lead 
DIP and PLCC Packages 
• CHMOS 
III Technology 
Provides 
• 
Increased 
Reliability 
and Reduced 
• IBM PC (INS 16450/8250A) 
Software 
Power Consumption 
Compatible 
• Line Break Generation 
and Detection 


The Intel CHMOS 82050 Asynchronous 
Communications 
Controller 
is a low cost, higher performance 
alterna- 


tive to the INS 16450-it 
emulates 
the INS 16450 and provides 
100% compatibility 
with IBM PC software. 
Its 
28-lead 
package 
provides 
all the functionality 
necessary 
for an IBM PC environment 
while 
substantially 
de- 
creasing 
board space requirements. 
The 82050's 
simpler 
system 
interface 
reduces 
TTL glue-especially 
for 
higher frequency 
PC bus designs. 
The 82050 provides 
a low cost, high-performance 
integrated 
modem 
solu- 


tion 
when 
combined 
with 
Intel's 
89024 
modem 
chip 
set. The 
compact 
28-pin 
82050 
is fabricated 
using 
CHMOS 
III technology 
for decreased 
power consumption 
and increased 
reliability. 


vcc 
Yss 
TxO 
A(2-0) 
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Figure 2. PLCC Pinout 
Figure 3. DIP Pinout 


82050 PINOUT 
DEFINITION 
r-, 


Symbol 
Pin 
Type 
Name and Description 
No. 


RESET 
17 
I 
RESET: A high on this input pin resets the 82050. 


CS 
18 
I 
CHIP SELECT: A low on this input pin enables the 82050 and allows 
read or write operations. 


A2-AO 
24-22 
I 
ADDRESS 
PINS: These inputs interface 
with three bits of the system 
address bus to select one of the internal registers for read or write. 


07-00 
1-4 
1/0 
DATA BUS: Bi-directional, 
three state, 8-Bit Data Bus. These pins 
25-28 
allow transfer 
of bytes between the CPU and the 82050. 


RO 
20 
I 
READ: A low on this input pin allows the CPU to read data or status 
bytes from the 82050. 


WR 
19 
I 
WRITE: A low on this input allows the CPU to write data or control 
bytes to the 82050. 


INT 
5 
0 
INTERRUPT: 
A high on this output pin signals an interrupt 
request to 
the CPU. The CPU may determine 
the particular 
source and cause of 
the interrupt 
by reading the 82050 status registers. 


ClK/X1 
9 
I 
MUL TIFUNCTION: 
This input pin serves as a source for the internal 
system clock. The clock may be asynchronous 
to the serial clocks and 
to the processor 
clock. This pin may be used in one of two modes: 


ClK-in 
this mode an externally 
generated 
clock should be used to 
drive this input pin; X1-in this mode the clock is generated 
by a crystal 
to be connected 
between 
this pin (X1) and the X2 pin. (See system 
clock generation.) 


OUT2/X2 
8 
0 
MUL TIFUNCTION: 
This is a dual-function 
pin which may be configured 
to one of the following 
functions: 
OUT2-a 
general purpose 
output pin 
controlled 
by the CPU is only available 
when the ClK/X1 
pin is driven 
by an externally 
generated 
clock; X2-this 
pin serves as an output pin 
for the crystal oscillator. 
Note: The configuration 
of pin is done during 
hardware 
reset. For more details refer to the system clock generation. 
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82050 PINOUT 
DEFINITION 
(Continued) 


Symbol 
Pin 
Type 
Name and Description 
No. 


TXD 
6 
0 
TRANSMIT 
OAT A: Serial data is transmitted 
via this output pin starting 
at the least significant 
bit. 


RXD 
13 
I 
RECEIVE 
OAT A: Serial data is received 
on this input pin starting at the 
least significant 
bit. 


RI 
10 
I 
RING INDICATION: 
RI· Ring indicator-input, 
active low. This is a 
general purpose 
input accessible 
by the CPU. 


DTR 
15 
0 
DTR-DATA 
TERMINAL 
READY: Output, active low. This is a general 
purpose output pin controlled 
by the CPU. During hardware 
reset, this 
pin is an input used to determine 
the system clock mode. (See System 
Clock Generation.) 


DSR 
11 
1/0 
DSR-DATA 
SET READY: Input, active low. This is a general 
purpose 
input pin accessible 
by the CPU. 


RTS 
16 
0 
RTS-REQUEST 
TO SEND: Output, active low. This is a general 
purpose output pin controlled 
by the CpU. During hardware 
reset, this 
pin is an input used to determine 
the system clock mode. (See system 
clock generation) 


CTS 
14 
I 
CLEAR TO SEND: Input active low. This is a general purpose 
input pin 
accessible 
by the CPU. 


DCD 
12 
1/0 
DCD-DATA 
CARRIER 
DETECTED: 
Input, active low. This is a 
general purpose 
input pin accessible 
by the CPU. 


VCC 
21 
P 
VCC: Device power supply. 
, 


VSS 
7 
P 
VSS: Ground. 


SYSTEM 
INTERFACE 
CRYSTAL 
OSCILLATOR 


The 82050 has a simple demultiplexed 
bus interface 
which 
consists 
of a bidirectional, 
three-state, 
8-bit 
data bus and a 3-bit address 
bus. The Reset, 
Chip 
Select, Read, and Write pins, along with the Interrupt 
pin, provide the remaining 
signals necessary 
to inter- 
face to the CPU. The 82050's 
system 
clock 
can be 
generated 
externally 
and provided 
through 
the ClK 
pin; or its on-chip 
crystal 
oscillator 
can be used by 
attaching 
a crystal 
to the X1 and X2 pins. For com- 
patibility 
with 
IBM PC software, 
a system 
clock 
of 
18.432 
MHz (with divide by two enabled) 
is recom- 
mended. 
The 82050, 
along 
with a transceiver, 
ad- 
dress decoder, 
and a crystal, complete 
the interface 
to the IBM PC Bus. 


~~ 
L1~ 


290137-4 
Parallel 
Resonant 
Crystal 
Freq. 
Max 
= 
18.432 
MHz 
(Divided by 2) 


SYSTEM 
CLOCK OPTIONS 


Figure 4. Crystal Oscillator 


X2 pins. The oscillator 
frequency 
is divided 
by two 
before 
being 
inputted 
into 
the 
chip 
circuitry. 
If an 
18.432 MHz crystal 
is used, then the actual 
system 
clock 
frequency 
of the 
82050 
will 
be 9.216 
MHz. 


This mode 
is configured 
via a strapping 
option 
on 
the RTS pin. 


The 82050 
has two modes 
of system 
clock 
opera- 
tion. It can accept 
an externally 
generated 
clock, 
or 
use a crystal 
to internally 
generate 
its system 
clock 
by using the on-Chip oscillator. 


It is very important 
to distinguish 
between 
the clock 
frequency 
being 
supplied 
into 
the 
82050 
and 
the 
system 
clock 
frequency. 
The term system 
clock 
re- 
fers 
to the 
clock 
frequency 
being 
supplied 
to the 
82050 circuitry 
(divided 
or undivided). 
The following 
examples 
delineate 
the three 
options 
for clock 
us- 
age and their effect 
on the 82050 
system 
clock 
as 
well as on the BRG source 
frequency: 


The 82050 
has an on-chip 
oscillator which 
can be 
used to generate 
its system clock. The oscillator 
will 
take the input from a crystal 
attached 
to the X1 and 
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1. Crystal Oscillator: (Maximum 18.432 MHz) 
- 
System Clock Frequency = Crystal 
Frequency/2 
- 
BRG Source Clock Frequency = Crystal 
Frequency/10 
2. External 
Clock 
(Divide 
by 
Two 
Enabled): 
(Maximum 18.432 MHz) 
- 
System Clock Frequency = External Clock. 


Frequency/2 
- 
BRG Source Clock Frequency = External 
Clock Frequency/10 
3. External Clock 
(Divide 
by Two 
Disabled): 
(Maximum 9.216 MHz) 
- 
System Clock Freq. = External Clock Fre- 
quency 
- 
BRGSource Clock Freq. = External Clock 
Frequency/5 


290137-5 


Figure 5. Strapping 


During the power up or reset the RTS pin is an input; 
it is weakly pulled high internally and sampled by the 
falling edge of reset. If it is driven low externally, 
then the 82050 is configured for a crystal oscillator; 
otherwise an externally generated clock is expected. 


EXTERNALLY 
GENERATED 
SYSTEM 
CLOCK 
~l" I 
OUT2 


290137-6 


Figure 7. External Clock 


This is the default mode of system clock operation. 
The system clock is divided by two; however, the 
user may disable the divide by two by a hardware 
strapping option on the DTR pin. The strapping op- 
tion is similar to the one used on the ATS pin. 


NOTE: 
The use of the Divide by Two strapping option in 
the crsytal oscillator mode is forbidden. 


BAUD RATE GENERATION 


The 82050 has a programmable 16-bit Baud Rate 
Generator (BRG). The 16X baud rate is generated 
by dividing the source clock with the divisor count 
from the BRG divisor registers (BAL, BAH). The 
BRG source clock is the 82050 system clock divided 
by five. If using an actual 82050 system clock of 
9.216 MHz, then the BRG source clock will be 9.216 
MHz/5 = 1.8432 MHz, which is compatible with the 
BRG source clock fed into the IBM PC serial port 
BRG. This allows the 82050, while using a faster 
system clock, to maintain full compatibility with soft- 2 
ware divisor calculations based on the 1.8432 MHz 
clock used in the IBM PC. 


RESET 


The 82050 can be reset by asserting the RESET pin. 
The RESET pin must be held high for at least 8 sys- 
tem clock cycles. If using crystal oscillator, a reset 
pulse at least 1 ms should be used to ensure oscilla- 
tor start up. Upon reset, all 8205Q registers (except 
TXD and RXD) are returned to their default states. 
During reset, the 82050's system clock mode of op- 
eration is also selected by strapping options on the 
RTS and DTR pins (see system clock generation). 


INTERRUPTS 


The INT pin will go high, or active, whenever one of 
the following conditions occurs provided it is en- 
abled in the interrupt enable register (IER): 


a. 
Receive Machine Error or Break Condition 
b. 
Receive Data Available 
c. 
Transmit Data Register Empty 
d. Change in the State of the Modem Input Pins 


The INT pin will be reset (Iow) when the interrupt 
source is serviced. The Interrupt Identification Regis- 
ter (IIR) along with the Line Status Register (LSR) 
and the Modem Status Register (MSR) can be used 
to identify the source requesting service. The IIR 
register identifies one of the four conditions listed 
above. The particular event or status, which triggers 
the interrupt mechanism, can be identified by read- 
ing either the Line Status Register or the Modem 
Status register. If multiple interrupt sources become 
active at anyone time, then highest priority interrupt 
source is reflected in the IIA register when the inter- 
rupt pin becomes active. Once the highest priority 
interrupt is serviced, then the next highest priority 
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(HIGHEST PRIORITY) 


DCD STATE CHANGE 


RI STATE CHANGE 


DSR STATE CHANGE 


CTS STATE CHANGE 
290137-7 


-----E 


Rx PARITY ERROR 


OVERRUN ERROR 
Rx CONDITION 
BREAK DETECTED 


FRAMING ERROR 
Rx DATA AVAILABLE 


Tx DATA REGISTER STATUS 


MODEM 
J== 


(LOWEST 
PRIORITY) 
t:= 


INTERRUPT --....;....---1 


Figure 8. Interrupt 
Structure 


interrupt 
source 
is decoded 
into the IIR register; 
the 
whole procedure 
is repeated 
until there are no more 
pending 
interrupt 
sources. 


TRANSMIT 


The 82050 transmission 
mechanism 
involves 
the TX 
Machine 
and 
the 
TXD 
Register. 
The 
TX 
Machine 
reads characters 
from 
the TXD 
Register, 
serializes 
the bits, and transmits 
them 
over the TXD pin ac- 
cording 
to signals 
provided 
for transmission 
by the 
Baud Rate Generator. 
It also generates 
parity, and 
break transmissions 
upon CPU request. 


RECEIVE 


The 
82050 
reception 
mechanism 
involves 
the 
RX 
Machine 
and the 
RXD 
Register. 
The 
RX Machine 
assembles 
the incoming 
characters, 
and loads them 
onto the RXD Register. The RX Machine 
synchroniz- 
es the data, passes 
it through 
a digital filter to filter 
out spikes, and then uses three samples 
to generate 
the bit polarity. 


The falling edge of the start bit triggers 
the RX Ma- 
chine, which 
then starts 
sampling 
the RXD input (3 
samples). 
If the samples 
do not indicate 
a start bit, 
then a false start bit is determined 
and the RX Ma- 
chine 
returns 
to the start bit search 
mode. 
Once 
a 
start bit is detected, 
the RX Machine 
starts sampling 
for data bits. 


If the RXD input is low for the entire character 
time, 
including 
stop bits, then the RX Machine 
sets Break 
Detect 
and 
Framing 
Error 
bits 
in the 
Line 
Status 
Register 
(LSR). 
It loads a NULL character 
into the 
RXD register. 
The RX Machine 
then enters 
the idle 
state. 
When 
it detects 
a MARK 
it resumes 
normal 
operation. 


SOFTWARE 
INTERFACE 


Like other 
1/0 based 
peripherals, 
the 82050 
is pro- 


grammed 
through 
its registers to support 
a variety of 
functions. 
The 82050 
register 
set is identical 
to the 
16450 register 
set to provide 
compatibility 
with soft- 
ware written 
for the IBM PC. The 82050 register 
set 
occupies 
eight 
addresses 
and 
includes 
control, 


status, 
and data registers. 
The three 
address 
lines 
and the Divisor Latch Access 
Bit are used to select 
the 82050 
registers. 
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REGISTER 
DESCRIPTION 


I\) 
tu~ 


Register Map 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
Default 


TxD 
Tx Data 
Tx Data 
Tx Data 
Tx Data 
Tx Data 
Tx Data 
Tx Data 
Tx Data 
0 
- 
Bit 7 
Bit 6 
Bit 5 
Bit4 
Bit 3 
Bit2 
Bit 1 
Bit 0 


RxD 
Rx Data 
Rx Data 
Rx Data 
Rx Data 
Rx Data 
Rx Data 
Rx Data 
Rx Data 
0 
Bit 7 
Bit6 
Bit 5 
Bit4 
Bit 3 
Bit2 
Bit 1 
Bit 0 
- 


BAL 
~ 


BRGA LSB Divide Count (DLAB = 1) 
0 
02H 


BAH 
BRGA MSB Divide Count (DLAB = 1) 
1 
OOH 


IER 
0 
0 
0 
Modem 
Rx Machine 
Tx Data 
Rx Data 
1 
OOH 


Interrupt 
Interrupt 
Interrupt 
Interrupt 
Enable 
Enable 
Enable 
Enable 


IIR 
0 
0 
0 
0 
0 
Active 
Active 
Interrupt 
2 
01H 


Interrupt 
Interrupt 
Pending 
Bit 1 
Bit 0 


LCR 
DLAB 
Set 
Parity 
Parity 
Parity 
Stop Bit 
Character 
Character 
3 
OOH 
Divisor 
Break 
Mode 
Mode 
Mode 
Length 
Length 
Length 
Latch 
Bit 2 
Bit 1 
Bit 0 
BitO 
Bit 1 
BitO 
Access 
Bit 


MCR 
0 
0 
0 
Loopback 
OUT2 
0 
RTS 
DTR 
4 
OOH 


Control Bit 
Complement 
Complement 
Complement 


LSR 
0 
TxM 
TxD 
Break 
Framing 
Parity 
Overrun 
Rx Data 
5 
60H 


Status 
Empty 
Detected 
Error 
Error 
Error 
Available 


MSR 
DCD Input 
RI Input 
DSR Input 
CTS Input 
State 
State (H ~ 
L) 
State 
State 
6 
OOH 
Inverted 
Inverted 
Inverted 
Inverted 
Change 
Change 
Change 
Change 
inDCD 
in RI 
inDSR 
inCTS 


SCR 
Scratch-Pad 
Register 
7 
OOH 


Figure 9. Register Description 
Table 
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cl 


Q) 
No 
U1o 
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TRANSMIT DATA REGISTER (TXD) 
BRG DIVISOR LOW BYTE (BAL) 


This register 
holds the next data byte to be transmit- 
ted. When the transmit 
shift register 
becomes 
emp- 
ty, the contents 
of the Transmit 
Data 
Register 
are 
loaded 
into the shift register 
and the Transmit 
Data 
Register 
Empty condition 
becomes 
true. 


TXD-Transmlt 
Data Register 
::~:; 
04 
03 
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RECEIVE DATA REGISTER (RXD) 


This register 
holds the last character 
received 
by the 
RX Machine. 
The character 
is right justified 
and the 
leading 
bits are zeroed. 
Reading 
the register 
emp- 
ties the register 
and resets the Received 
Character 
Available 
condition. 
:~:: 
04 
03 


290137-9 
RXD-Recelve Data Register 


This register contains 
the least significant 
byte of the 
Baud Rate Generator's 
16-bit divisor. This register 
is 
accessible 
only when the DLAB bit is set in the LCR 


register. 


BAL-BRG Divisor Low Byte 
::~:; 
04 
03 


290137-10 


BRG DIVISOR HIGH BYTE (BAH) 


This 
register 
contains 
the 
most 
significant 
byte 
of 
the Baud Rate Generator's 
16-bit divisor. This regis- 
ter is accessible 
ony when the DLAB bit is set in the 
LCR register. 


BAH-BRG Divisor High Byte 


, :~:: 


04~ 
LS03 


290137-11 


I 
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INTERRUPT 
ENABLE REGISTER 
(IER) 


This 
register 
enables 
four types 
of interrupts 
which 
independently 
activate 
the 
INT pin. Each 
of the four 
interrupt 
types 
can be disabled 
by resetting 
the appropriate 
bit of the IER register. 
Similarly 
by setting 
the 
appropriate 
bits, selected 
interrupts 
can be enabled. 
If all interrupts 
are disabled, 
then the interrupt 
requests 
are inhibited 
from the IIR register 
and the INT pin. All other functions, 
including 
Status 
Register 
and the Line 
Status Register 
bits continue 
to operate 
normally. 


~ 
[ 


sx•• - ".,,' 
,"",,"'" 
''''''' 
RESERVED 
TXDE- 
TX DATA EMPTY ENABLE 


RXIE - RX INTERRUPT ENABLE 
, 
. 


MIE - MODEM INTERRUPT ENABLE 
290137-12 
IER-Interrupt 
Enable Register 


MIE-MODEM 
Interrupt 
Enable 


RXIE-RX 
Machine 
Interrupt 
Enable 


TXDE- 
TX Data Register 
Empty 


RXDA-RX 
Data Available 
, 


INTERRUPT 
IDENTIFICATION 
REGISTER 
(IIR) 


This register holds the highest priority enabled and active interrupt 
request. The source of the interrupt 
request 
can be identified 
by reading 
bits 2-1. 


~[ 


~ 
,,,-,",,,,",,, """" 


RESERVED 
BD} 
ACTIVE 
B1 
INTERRUPT 


RESERVED 
290137-13 
IIR-Interrupt 
Identification Register 


B1, BO-Interrupt 
Bits, 2-1. These two bits reflect 
the highest 
priority, enabled 
and pending 
interrupt 
request. 


11: 
RX Error Condition 
(Highest 
Priority) 


10: 
RX Character 
Available 


01: 
TXD Register 
Empty 


00: 
Modem 
Interrupt 
(Lowest 
Priority) 


IPN-Interrupt 
Pending-This 
bit is active low, and indicates 
that there is an interrupt 
pending. 
The interrupt 
logic asserts 
the INT pin as soon as this bit goes active 
(NOTE: the IIR register 
is continuously 
updated; 
so 
while the user is serving one interrupt 
source, a new interrupt 
with higher priority may enter IIR and replace the 
older interrupt 
vector). 
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LINE CONTROL 
REGISTER 
(LCR) 


This is a read/write 
register 
which defines 
the basic configuration 
of the serial link. 


ClO} 
CHARACTER 
CLl 
lENGTH 


L-__ 
-+ SBlO 
- STOP 
BIT lENGTH 


DLAB 


SBK - SET BACK 


PARITY { :~~ +------' 


PMO +------...1 
290137-14 
lCR-Llne Conflgure Register 


DLAB-Dlvlsor 
Latch Access Bit-This 
bit, when set, allows access to the Divisor Count Heqisters 
BAL and 
BAH. 


SBK-5et 
Break-This 
will force the TXD pin low. The TXD pin will remain low until this bit is reset. 


PM2-PMG-Parity 
Mode Bits-These 
three bits are used to select the various 
parity modes 
of the 82050. 


PMO 
PM2 
PM1 
Function 


0 
X 
X 
No Parity 
1 
0 
0 
Odd Parity 
1 
0 
1 
Even Parity 
~. 
1 
1 
0 
High Parity 
1 
1 
1 
Low Parity 


SBl-Stop 
Bit Length-This 
bit defines 
the Stop Bit lengths 
for transmission. 
The RX Machine 
can identify 
3/4 
stop bit or more. 


SBl 
Character length 
Stop Bit length 


0 
X 
1 
1 
5-Bit 
1 1/2 
1 
(6, 7, or 8-Bit) 
2 


Clo-Gl 
1-Gharacter 
Length-These 
bits define the character 
length 
used on the serial link. 


Cl1 
ClO 
Character length 


0 
0 
5 Bits 
0 
1 
6 Bits 
1 
0 
7 Bits 
1 
1 
8 Bits 
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LINE STATUS 
REGISTER 
(LSR) 


This register 
holds the status of the serial link. When read, all bits of the register 
are reset to zero. 


~ 


RESERVED 
RXDA - RX DATA AVAILABLE 


TXST-TX 
MACHINE STATUS 
O~-OVERRUN 
ERROR 


TXDE - TXD EMPTY 
PE - PARITY ERROR 


BKD - BREAK DETECTED 
FE - FRAMING ERROR 
290137-15 
LSR-Llne Status Register 


RXDA-RX Data Available-This 
bit, indicates 
that the RXD register 
has data available 
for the CPU to read. 


OE-overrun 
Error-Indicates 
that a received 
character 
was lost because. the RXD register was not empty. 


PE Parity Error-Indicates 
that a received 
character 
had a parity error. 


FE-Framing Error-Indicates 
that a received 
character 
had a framing 
error. 


BkD-Break 
Detected-This 
bit indicates 
that a break condition 
was detected, 
i.e., RxD input was held low 
for two character 
times. 


TXDE- TXD Empty-This 
indicates 
that the 82050 
is ready to accept 
a new character 
for transmission. 
In 
addition, 
this bit causes 
an interrupt 
request 
to be generated 
if the TXD register 
Empty interrupt 
is enabled. 


TXST-TX 
MachineStatus-When 
set, this bit indicates 
that the TX Machine 
is Empty, i.e., both the TXD 
register 
and the TX Shift Register 
are empty. 


MODEM 
CONTROL 
REGISTER 
(MCR) 


This register 
controls 
the modem 
output 
pins. All the outputs 
invert 
the data, 
i.e., their 
output 
will be the 
complement 
of the data written 
into this register. 


~ 


DTR 


RESERVED [ 
RTS 


RESERVED 
~ 
oon 
290137-16 
MCR-Modem Control Register 
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LC-Loopback 
Control-This 
bit puts the 82050 into a Local Loopback mode. 


OUT2-oUT2 
Output-This 
bit controls the OUT2 pin. The output signal is the complement of this bit. 


NOTE: 
This bit is only effective when the 82050 is being used with an externally generated clock. 


RTS-RTS 
Output Bit-This 
bit controls the RTS pin. The output signal is the complement of this bit. 


OTR-OTR 
Output Bit-This 
bit controls the DTR pin. The output signal is the complement of this bit. 


MODEM STATUS 
REGISTER 
(MSR) 


This register holds the status of the modem input pins (CTS, DCD, DSR, RI). It is the source of Modem 
interrupts (bits 3-0) when enabled in the IER register. If any of the above input pins change levels, then the 
appropriate bit in MSR is set. Reading MSR will clear the status bits. 


~ 


COt.lPLEt.lENTDCD 
STATECHANGECTS 


, 
COt.lPLEt.lENTRi 
STATECHANGEDSR 


COt.lPLEt.lENTDSR 
CH-- > L) RI 


COt.lPLEt.lENTCTS 
STATECHANGEDCD 
290137-17 
MSR-Mode Status Register 


OCOC-OCO Complement-Holds 
the complement of the DCD pin. 


ORIC-RI 
Complement-Holds 
the complement of the RI pin. 


OSRC-OSR Complement-Holds 
the complement of the DSR pin. 


CTSC-CTS 
Complement-Holds 
the complement of the CTS pin. 


OOCo-Delta 
OCD-Indicates 
that the DCD pin has changed state since this register was last read. 


ORI-Oelta 
RI-Indicates 
that the RI pin has changed state from high to low since this register was last read. 


OOSR-Oelta 
OSR-Indicates 
that the DSR pin has changed state since this register was last read. 


OCTS-Oelta 
CTS-Indicates 
that the CTS pin has changed state since this register was last read. 


SCRATCHPAD 
REGISTER 
(SCR) 


The s-blt Read/Write register does not control the ACC. It is intended as a scratch pad register for use by the 
programmer. 
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\"1 
\" 
_.- 
vv 
+0.5 


VOl 
Output Low Voltage 
(2), (9) 
0.45 
V 


VOH 
Output High Voltage 
(3), (9) 
2.4 
V 


III 
Input Leakage Current 
(4) 
±10 
J-LA 


ILO 
3-State Leakage Current 
(5) 
±10 
J-LA 


IOHR 
Input High for DTR, RTS 
(10) 
0.4 
mA 


IOlR 
Input Low for DTR, RTS 
(10) 
11 
mA 


LXTAl 
X1, X2 Load 
10 
pF 


IcC 
Power Supply Current 
(6) 
3.8 
mAlMHz 
35 
mA(max) 


Cin 
Input Capacitance 
(8) 
10 
pF 


Cio 
I/O Capacitance 
(8) 
10 
pF 


CXTAl 
X1, X2 Load 
10 
pF 


NOTES: 
1. Does not apply to ClK/X1 
pin, when configured as crystal oscillator input (X1). 


2.@lol=2mA. 
3. @ loh = -0.4 
mA. 


4.0 < Vin < vcc- 
5.0.45V < You! < (Vcc - 0.45). 
6. vcc = 5.5V; Vii - 
0.5V (max); Vih = vcc - 0.5V (min); 101 = loh = 0; 9.2 MHz (max). 
7. VIH = 2.4V on RD and RXD pins. 
8. Freq = 1 MHz. 
9. Does not apply OUT2/X2 
pin, when configured as crystal oscillator output (X2). 


10. Input current for DTR, FITS pins during Reset for Clock Mode Configuration. 
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A.C. SPECIFICATIONS 
SYSTEM 
CLOCK SPECIFICATIONS 


Testing 
Conditions: 


• 
All AC output 
parameters 
are under output 
load 
of 20 to 100 pF, unless otherwise 
specified. 


• 
AC testing 
inputs 
are driven 
at 2.4 for logic 
'1', 
and 0.45V 
for logic 
'0'. Output 
timing 
measure- 
ments are made at 1.5V for both a logical '0' and 
'1'. 


• 
In the following 
tables, 
the units are ns, unless 
otherwise 
specified. 


System 
Interface 
Specification-System 
Clock 
Specification: 


The 82050 system clock is supplied 
via the ClK 
pin 
or generated 
by on-chip 
crystal oscillator. 
The clock 
is optionally 
divided by two. The ClK 
parameters 
are 
given 
separately 
for 
internal 
divide-by-two 
option 
ACTIVE 
and INACTIVE. 


The 
system 
clock 
(after 
division 
by two, 
if active) 
must 
be at least 
16X the Tx or Rx baud rate (the 
faster of the two). 


RESET SPECIFICATION 


Symbol 
Parameter 
Mln 
Max 
Notes 


DIVIDE 
BY TWO OPTION-ACTIVE 


Tcy/2 
ClK 
Period 
54 
250 
(2) 


TClCH 
ClKlowTime 
25 


TCHCl 
ClK 
High Time 
25 


TCH1CH2 
ClK 
Rise Time 
10 
(1) 


TCl2Cl1 
ClKFallTime 
10 
(1) 


FXTAl 
External Crystal 
4.0 
18.432 
Frequency 
Rating 
MHz 


DIVIDE 
BY TWO OPTION-INACTIVE 


Tcy 
ClK 
Period 
108 


TClCH 
ClK 
low Time 
54 


TCHCl 
ClK 
High Time 
44 
250 


TCH1CH2 
ClK 
Rise Time 
15 
(1) 


TCl2Cl1 
ClK 
Fall Time 
15 
(1) 


NOTES: 
1. Rise/fall times are measured between 0.8 and 2.0V. 
2. Tcy in ACTIVE divide by two option is TWICE the input 
clock period. 


Symbol 
Parameter 
Min 
Max 
Notes 


TRSHl 
Reset Width-ClK/X1 
Configured 
to ClK 
8 Tcy 
(1) 


TIlRSl 
RTS/DTR 
lOW 
Setup to Reset Inactive 
6 Tcy 
(2) 


TRSlTX 
RTS/DTR 
low 
Hold after Reset Inactive 
0 
Tcy - 
20 
(2) 


RESET 
~ 
d= 
-------". 
I---- TRSHL 
. 
-------:.-- 


______________ 
i=TILRSL 
TRSLTX1 
DTR/RTS 
---- 


NOTES: 
1. In case of CLK/Xl configured as Xl, additional time is required 10 guarantee crystal oscillator wake-up. 
2. RTS/DTR are internally driven HIGH during RESET active time. The pin should be either left OPEN or externally 
driven LOW during RESET according to the required configuration of the system clock. These parameters specify the 
timing requirements on these pins, in case they are externally driven LOW during RESET. The maximum spec on 
TRSLTX requires that the RTS/DTR pins not be forced later than TRSLTX maximum. 
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READ CYCLE SPECIFICATIONS 


Symbol 
Parameter 
. 
Min 
Max 
Notes 


TRLRH 
RD Active Width 
2Tcy 
+ 65 


TAVRL 
Address/CS 
Setup Time to RD Active 
7 


TRHAX 
Address/CS 
Hold Time after RD Inactive 
0 


TRLDV 
Data Out Valid after RD Active 
2Tcy + 65 
(1) 


TCIAD 
Command 
Inactive to Active Delay 
Tcy + 15 
(2) 


TRHDZ 
Data Out Float Delay after RD Inactive 
40 


NOTES: 
1. C1 "" 20 pF to 100 pF. 
2. Command 
refers 
to either 
Read or Write signals. 


A2-0 CS 


_ 
TRLR 
TCIAD __ 


TAVRL - 


...•. 
TRHAX 


VALID 
VALID 


-TRLDV~ 
1---1 TRHDZ 


VALID 
07-0 


290137-19 


WRITE 
CYCLE SPECIFICATION 


Symbol 
Parameter 
Min 
Max 
Notes 


TWLWH 
WR Active Width 
2Tcy+ 
15 


TAVWL 
Address 
CS Setup Time to WR Active 
7 


TWHAX 
Address 
and CS Hold Time after WR 
0 


TDVWH 
Data in Setup Time to WR Inactive 
90 


TWHDX 
Data in Hold Time after WR Inactive 
12 


A2-0 CS 


I--TWLWH 
...•.I-- 
TCIAD_ 


TAVWL 
I-- 
...•. 
TWHAX 1-_ 


VALID 
VALID 


TDVWH 
TWHDX 


VALID 


-TCIAD~ 


~ 


07-0 


290137-20 
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ASYNCHRONOUS 
SERIAL CONTROLLER 


• 
MCS-51 s-su Protocol 
Support 


• 
IBM PC AT* (INS 8250A/16450@) 
Software 
Compatible 


• 
Control 
Character 
Recognition 


• 
CHMOS 
III with Power Down Mode 


• 
Interrupts 
Maskable 
at Two Levels 


• 
Auto Echo and Loopback 
Modes 


• 
Seven I/O 
Pins, Dedicated 
and General 
Purpose 


• 
28-Lead 
DIP and PLCC Packages 


(See Packaging 
Spec., 
Order 
#: 231369) 


• 
Asynchronous 
Operation 
- 
5- to 9-Bit Character 
Format 
- 
Baud Rate DC to 288k 
- 
Complete 
Error Detection 


• 
Multiple Sampling 
Windows 


• 
Two, Independent, 
Four-Byte 
Transmit 
and Receive 
FIFOs with Programmable 
Threshold 


• 
Two, 
16-Bit Baud Rate Generators/ 
Timers 


• 
System 
Clock Options 
- 
On-Chip 
Crystal Oscillator 
- 
External 
Clocks, Low/High 
Speed 


The Intel CHMOS 
82510 
is designed 
to increase 
system 
efficiency 
in asynchronous 
environments 
such as 
modems 
or serial ports-including 
expanding 
performance 
areas: MCS-51 9-bit format 
and high speed async, 
The functional 
support 
provided 
in the 82510 is unparalleled-two 
baud rate generators/timers 
provide 
inde- 
pendent 
data rates or protocol 
timeouts; 
a crystal oscillator 
and smart modem 
I/O simplify system 
logic. New 
features-dual 
FIFOs 
and Control 
Character 
Recognition 
(CCR)-dramatically 
reduce 
CPU interrupts 
and 
increase 
software 
efficiency. 
The 82510's 
software 
versatility 
allows 
emulation 
of the INS8250Al16450 
for 
IBM PC AT' 
compatibility 
or a high-performance 
mode, configured 
by 35 control 
registers. 
All interrupts 
are 
maskable 
at two 
levels. 
The 
multipersonality 
I/O 
pins 
are configurable 
as desired. 
A DPLL 
and 
multiple 
sampling 
of serial data improve data reliability for high-speed, 
asynchronous 
communication. 
The compact 
28- 
pin 82510 
is fabricated 
with CHMOS 
III technology 
and includes 
a software 
powerdown 
option. 


A(2-0) 
0(7-0) 


INT 


- 
- 


SERIAL 
WOOUlE 
--- 


TX 
f-+ 
TX 
nro 
IotACHINE 
-:::: 
::- 
INT 
RX 
I+- 
RX 
f+- r-t- 
'4 
FIFa 
IotACHINE 


BUS 
- 


INTERFACE 
- 
UNIT 
+-+ 
-- 
T-1RTS 1. 
I!X 
Jx 
-::: 
IX 
IX 
- 
'rW-fTS 
T T 


RXC 
TXC 


INT 


~ 


2 
I 
I 


r- 


TIWING 
r- 


BLOCK 
(BRGS. 
SYS CLOCK) 
r- 


I 
I 


~ f:: 


WODEW 
r-r+ 
INTERFACE 


INTE~ 
BUS 
WODUlE 
r-r+ 
f+-r- 


290116-1 


TXO 


RXO 


Rn 


Wll 


CS 


RESET 


ClK/XI 


6lm/X2 


Rl/SClK 
IlSll/TA/lrnTO 
~/IClK/~ 
OTR/TB 
m 
rn 


Figure 1. Block Diagram 


·,BM 
and PC AT are trademarks 
of International 
Business Machines. 
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03 


02 


01 


DO 


A2 


AI 


AO 


VCC 


iffi 


'HR 


CS 


RESET 


iffi 


iiTR/TB 


~ 


OS 


06 


07 


lNT 


TXO 


VSS 


OUT2/X2 


ClK/Xl 


il1/SClK 


DSR/TA/OUTO 


DCO/ICLK/OUn 


RXO 
as 


.321282726o 
DO 


A2 


AI 


AO 


VCC 


iffi 


'HR 


lNT 


TXO 


VSS 


OUT2/X2 


ClK/Xl 


Ri/SClK 


OSR/TA/OUTO 


82510 


12 
13 
,. 
15 
16 
17 
18 


Figure 2. PLCC Pinout 
Figure 3. DIP Pinout 


82510 PINOUT 
DEFINITION 
, 


Symbol 
Pin 
Type 
Name and Description 
No. 


RESET 
17 
I 
RESET: A high on this input pin resets the 82510 to the Default Wake-up 
mode. 


CS 
18 
I 
CHIP SELECT: A low on this input pin enables the 82510 and allows read or 
write operations. 


A2-AO 
24- 
I 
ADDRESS 
PINS: These inputs interface 
with three bits of the System Address 
22 
Bus to select one of the internal 
registers for read or write. 


07-00 
4" 
1/0 
DATA BUS: Bi-directional, 
three state, eight-bit 
Data Bus. These pins allow 
25 
transfer 
of bytes between 
the CPU and the 82510. 


RD 
20 
I 
READ: A low on this input pin allows the CPU to read Data or Status bytes from 
the 82510. 


WR 
19 
I 
WRITE: A low on this input allows the CPU to write Data or Control 
bytes to the 
82510. 


INT 
5 
0 
INTERRUPT: 
A high on this output pin signals an interrupt 
request to the CPU. 
The CPU may determine 
the particular 
source and cause of the interrupt 
by 
reading the 82510 Status registers. 


ClK/X1 
9 
I 
MUL TIFUNCTION: 
This input pin serves as a source for the internal system 
clock. The clock may be asynchronous 
to the serial clocks and to the processor 


clock. This pin may be used in one of two modes: ClK 
- 
in this mode an 
externally 
generated 
TTl 
compatible 
clock should be used to drive this input pin; 


X1 - 
in this mode the clock is internally 
generated 
by an on-chip 
crystal 
oscillator. 
This mode requires a crystal to be connected 
between 
this pin (X1) 
and the X2 pin. (See System Clock Generation.) 


OUT2/X2 
8 
0 
MUL TIFUNCTlON: 
This is a dual function 
pin which may be configured 
to one of 
the following 
functions: 
OUT2 - 
a general purpose output pin controlled 
by the 
CPU, only available 
when ClK/X1 
pin is driven by an externally 
generated 
clock; 


X2 - this pin serves as an output pin for the crystal oscillator. 
Note: The 
configuration 
of the pin is done only during hardware 
reset. For more details 
refer to the System Clock Generation. 


TXD 
6 
0 
TRANSMIT DATA: Serial data is transmitted 
via this output pin starting at the 
least 
Significant 
bit. 


'PlnS 28-25 
and Pins 4-1. 
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82510 PINOUT 
DEFINITION 
(Continued) 


Symbol 
Pin 
Type 
Name and Description 
No. 


RXD 
13 
I 
RECEIVE 
DATA: Serial data is received 
on this input pin starting at the Least 
Significant 
bit. 


RI/SCLK 
10 
I 
MUL TIFUNCTION: 
This is a dual function 
pin which can be configured 
to one of 
the following 
functions. 
RI - Ring Indicator 
- Input, active low. This is a general 
purpose 
input pin accessible 
by the CPU. SCLK - This input pin may serve as a 
source for the internal serial clock(s), 
RxClk and/or 
TxClk. See Figure 12, BRG 
sources and outputs. 


DTR/TB 
15 
0 
MUL TIFUNCTION: 
This is a dual function 
pin which may be configured 
to one of 
the following 
functions. 
DTR - Data Terminal 
Ready. Output, active low. This is a 
general purpose output pin controlled 
by the CPU. TB - This pin outputs the 
BRGB output signal when configured 
as either a clock generator 
or as a timer. 
When BRGB is configured 
as a timer this pin outputs a "timer expired pulse." 


When BRGB is configured 
as a clock generator 
it outputs the BRGB output 
clock. 


DSR/TAI 
11 
I/O 
MUL TIFUNCTION: 
This is a multifunction 
pin which may be configured 
to one of 
OUTO 
the following 
functions. 
DSR - Data Set Ready. Input, active low. This is a 
' 


general purpose 
input pin accessible 
by the CPU, TA - This pin is similar in 
function 
to pin TB except it outputs the signals from BRGA instead of BRGB. 


OUTO - Output pin. This is a general purpose output pin controlled 
by the CPU. 


RTS 
16 
0 
REQUEST 
TO SEND: Output pin, active low. This is a general purpose output 
pin controlled 
by the CPU. In addition, 
in automatic 
transmission 
mode this pin, 
along with CTS, controls 
the transmission 
of data. (See Transmit 
modes for 
further detail.) During hardware 
reset this pin is an input. It is used to determine 
the System Clock Mode. (See System Clock Generation 
for further detail.) 


CTS 
14 
I 
CLEAR TO SEND: Input pin, active low. In automatic 
transmission 
mode it 
directly controls 
the Transmit 
Machine. 
(See transmission 
mode for further 
details.) This pin can be used as a General 
Purpose Input. 


DCD/ICLK/ 
12 
I/O 
MUL TIFUNCTION: 
This is a multifunction 
pin which may be configured 
to one of 
OUT1 
the following 
functions. 
DCD - Data Carrier Detected. 
Input pin, active low. This 
is a general purpose 
input pin accessible 
by the CPU. ICLK - This pin is the 
output of the internal system clock. OUT1 - General purpose 
output pin. 
Controlled 
by the CPU. 


Vcc 
21 
P 
VCC: Device power supply. 


VSS 
7 
P 
VSS: Ground. 


Table 1. Multifunction 
Pins 


Pin # 
110 
Timing 
Modem 
8 
'OUT2 
X2 
- 


9 
- 
'CLK/X1 
- 


10 
- 
SCLK 
"RI 


11 
OUTO 
TA 
"DSR 


12 
OUT1 
ICLK 
"DCD 


14 
- 
- 
"CTS 


15 
- 
TB 
"DTR 


16 
- 
,- 
- 
"RTS 


• Default 
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GENERAL 
DESCRIPTION' 


82510 


The 
82510 
can be functionally 
divided 
into seven 
major blocks 
(See Fig 1): Bus Interface 
Unit, Timing 
Unit, 
Modem 
Module, 
Tx 
FIFa, 
Rx FIFa, 
Tx Ma- 
chine, and Rx Machine. 
Six of these 
blocks 
(all ex- 
cept 
Bus Interface 
Unit) can generate 
block 
inter- 
rupts. Three 
of these 
blocks 
can generate 
second- 
level interrupts 
which reflect 
errors/status 
within the 
block 
(Receive 
Machine, 
Timing 
Unit, and the Mo- 
dem Module). 


The Bus interface 
unit allows the 82510 to interface 
with 
the 
rest 
of the 
system. 
It controls 
access 
to 
device 
registers 
as well as generation 
of interrupts 
to the 
external 
world. 
The 
FIFOs 
buffer 
the 
CPU 
from 
the Serial 
Machines 
and reduce 
the interrupt 
overhead 
normally 
required 
for 
serial 
operations. 
The threshold 
(level of occupancy 
in the FIFa which 
will generate 
an interrupt) 
is programmable 
for each 
FIFa. 
The timing unit controls 
generation 
of the sys- 
tem clock through 
either its on-chip crystal oscillator, 
or an externally 
generated 
clock. It also provides 
two 
Baud Rate Generators/Timers 
with various 
options 
and modes to support 
serial communication. 


FUNCTIONAL 
DESCRIPTION 


CPU Interface 


The 
82510 
has a simple 
demultiplexed 
Bus Inter- 
face, 
which 
consists 
of a bidirectional 
three-state 
eight-bit, 
data bus and a three-bit 
address 
bus. An 
Interrupt 
pin along 
with 
the 
Read, 
Write 
and Chip 
Select 
are the 
remaining 
signals 
used to interface 
with the CPU. The three address 
lines along with the 
Bank 
Pointer 
register 
are used to select 
the regis- 
ters. The 82510 
is designed 
to interface 
to all Intel 
microprocessor 
and 
microcontroller 
families. 
Like 
most other 
I/O based 
peripherals 
it is programmed 
through 
its registers to support a variety of functions. 


Its register 
set can be used in 8250Al16450 
com- 
patibility 
or High Performance 
modes. 
The 8250Al 
16450 
mode 
is the default 
wake-up 
mode 
in which 
only the 8250Al16450 
compatible 
registers 
are ac- 
cessible. 
The remaining 
registers 
are default 
config- 
ured to support 
8250Al16450 
emulation. 


Software 
Interface 


HIGH 
PERFORMANCE 
MODE 
ALL 
BANKS 
FUNCTION 
8250 
MODE 


I 
I 
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Figure 4. 82510 Register 
Architecture 


The 82510 
is configured 
and controlled 
through 
its 
35 registers 
which 
are divided 
into four banks. Only 
one bank is accessible 
at anyone 
time. The bank 
switching 
is done 
by changing 
the contents 
of the 
bank 
pointer 
(GIR/BANK-BANKO, 
BANK1). 
The 
banks are logically 
grouped 
into 8250Al16450 
com- 
patible (0), General Work Bank (1), General 
Configu- 


ration 
(2), 
and 
Modem 
Configuration 
(3). 
The 
8250Al16450 
compatible 
bank 
(Bank 
0) is the de- 
fault bank upon power up. 


The 82510 
registers 
can be categorized 
under 
the 
following: 


Table 2. 82510 Register/Block 
Functions 


Status 
Enable 
Configuration 
Command 
Data 


FIFa 
FLR 
- 
FMD 
- 
- 


MODEM 
MSR 
MIE 
PMD 
MCR 
- 


RX 
RST,RXF 
RIE 
RMD 
RCM 
RXD,RXF 


TX 
LSR 
LSR 
TMD 
TCM 
TXD,TXF 


TIMER 
TMST 
TMIE 
CLCF, 
TMCR 
BBL, BBH 
BACF, BBCF 
BAL, BAH 


DEVICE 
GSR,GIR 
GER 
IMO 
ICM 
- 


8250 
LSR, MSR, GIR 
GER 
LCR, MCR 
MGR 
TXD, RXO 
SAL, BAH 
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8250 Compatibility 


Upon power 
up or reset, the 82510 
comes 
up in the default 
wake 
up mode. The 8250Al16450 
compatible 
bank, bank zero, is the accessible 
bank and all the other 
registers 
are configured 
via their default 
values 
to 
support 
this mode. An 18.432 MHz crystal frequency 
is necessary. 


Table 3. 8250A/16450 
Compatible 
Registers 


82510 Registers 
8250A Registers 
(Bank 0) 


Address 
Read 
Write 
Read 
Write 


00 (DLAB = 0) 
RxD 
TxD 
RBR 
THR 


01 (DLAB = 0) 
GER 
GER 
IER 
IER 


00 (DLAB = 1) 
BAL 
BAL 
DLL 
DLL 


01 (DLAB = 1) 
BAH 
BAH 
DLM 
DLM 


02 
GIR/BANK 
BANK 
IIR 
- 


03 
LCR 
LCR 
LCR 
LCR 


04 
• 
MCR 
MCR 
MCR 
MCR 


05 
LSR 
LSR 
LSR 
LSR 


06 


I 
MSR 
MSR 
MSR 
MSR 


07 
ACRO 
ACRO 
SCR 
SCR 


Table 4 Default Wake-Up 
Mode 


RxD 
- 
ACR1 
OOH 
RxF 
- 


TxD 
- 
RIE 
1EH 
TxF 
- 


BAL 
02H 
RMD 
OOH 
TMST 
30H 


BAH 
OOH 
CLCF 
OOH 
TMCR 
- 


GER 
OOH 
BACF 
04H 
FLR 
OOH 


GIR/BANK 
01H 
BBCF 
84H 
RCM 
- 


LCR 
OOH 
PMD 
FCH 
TCM 
- 


MCR 
OOH 
MIE 
OFH 
GSR 
12H 


LSR 
60H 
TMIE 
OOH 
ICM 
- 


MSR 
OOH 
BBl 
05H 
FMD 
OOH 


ACRO 
OOH 
BBH 
OOH 
TMD 
OOH 


RST 
OOH 
IMD 
OCH 
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Tlt.4ER A EXPIRED 
Tlt.4ER B EXPIRED 
(HIGHEST PRIORITY) 


Tlt.4ER* 
TX t.4ACHINE IDLE 


RX PARITY ERROR 
TX CONDITION 
OVERRUN ERROR 
BREAK DETECTED 
BREAK TERt.4INATED 
ADDRESS/CONTROL 
CHAR. RECEIVED 


RX CONDITION 
ADDRESS/CONTROL 
CHAR. t.4ATCH 


FRAt.4ING ERROR 


RX FIFO ----- 
RX FIFO LEVEL ABOVE 
THRESHOLD 


INTERRUPT 


TX FIFO ----- 
TX FIFO LEVEL EOUAL 
TO OR BELOW THRESHOLD 


-----E 
DCD CHANGE STATE 
t.40DEt.4 
RI CHANGE STATE 


(LOWEST PRIORITY) 
DSR CHANGE STATE 
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Interrupts 


Figure 5. Interrupt 
Structure 


There 
are two 
levels 
of 
interrupt/status 
reporting 
within 
the 82510. 
The first 
level 
is the 
block 
level 
interrupts 
such as RX FIFO, Tx FIFO, Rx Machine, 
Tx Machine, 
Timing 
unit, and Modem 
Module. 
The 
status 
of these 
blocks 
is reported 
in the 
General 
Status and General 
Interrupt 
Registers. 
The second 
level is the various 
sources 
within 
each block; 
only 
three of the blocks 
generate 
second 
level interrupts 
(Rx Machine, 
Timing 
Unit, and Modem 
Module). 
In- 
terrupt requests 
are maskable 
at both the block level 
and at the individual 
source 
level within the module. 
If more than one unmasked 
block requests 
interrupt 
service 
an on-chip 
interrupt 
controller 
will 
resolve 
contention 
on a priority basis (each block has a fixed 
priority). 
An interrupt 
request 
from a particular 
block 


is activated 
if one of the unmasked 
status bits within 
the status register for the block is set. A CPU service 
operation, 
e.g., reading the appropriate 
status regis- 
ter, will reset the status bits. 


ACKNOWLEDGE 
MODES 


The interrupt 
logic will assert 
the INT pin when 
an 
interrupt 
is coded into the General 
Interrupt 
register. 


The 
INT pin is forced 
low upon 
acknowledgment. 


The 82510 
has two modes of interrupt 
acknowledg- 
ment: 


1. Manual Acknowledge 


The CPU must issue an explicit 
Interrupt 
Acknowl- 
edge command 
via the Interrupt 
Acknowledge 
bit of 
the Internal 
Command 
register. 
As a result the INT 
pin is forced 
low for two clocks 
and then updated. 


2. Automatic 
Acknowledge 


As 
opposed 
to 
the 
Manual 
Acknowledge 
mode, 
when 
the CPU must issue 
an explicit 
interrupt 
ac- 
knowledge 
command, 
an interrupt 
service 
operation 
is 
considered 
as 
an 
automatic 
acknowledgment. 


This 
forces 
the 
INT pin low for two 
clock 
cycles. 


After two cycles the INT pin is updated, 
i.e., if there 
is still an active 
non-masked 
interrupt 
request 
the 
INT pin is set HIGH. 


INTERRUPT 
SERVICE 


A service operation 
is an operation 
performed 
by the 
CPU, which causes the source of the 82510 interrupt 
to be reset (it will reset the particular 
status bit caus- 
ing the 
interrupt). 
An 
interrupt 
request 
within 
the 
82510 
will not reset 
until the 
interrupt 
source 
has 
been serviced. 
Each source 
can be serviced 
in two 
or three different 
ways; one general way is to disable 
the particular 
status bit causing 
the interrupt, 
via the 
corresponding 
block enable 
register. 
Setting the ap- 
propriate 
bit of the enable 
register 
to zero will mask 
off the corresponding 
bit in the status register, 
thus 
causing 
an edge 
on the 
input 
line to the 
interrupt 
logic. The same effect 
can be achieved 
by masking 
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off the particular block interrupt request in GSR via 
the 
General Enable Register. Another 
method, 


which is applicable to all sources, is to issue the 
Status Clear command from the Internal Command 
Register. The detailed service requirements for each 
source are given below: 


Table 5. Service Procedures 


Interrupt 
Status Bits 
Interrupt 
Specific 
Source 
& Registers 
Masking 
Service 


Timers 
TMST (1-0) 
TMIE (1-0) ReadTMST 
GSR(5) 
GER(5) 


Tx 
GSR(4) 
GER(4) 
Write Character 
Machine LSR(6) 
totX FIFO 


Rx 
LSR (4-1) 
RIE(7-1) 
Read RSTor 
Machine RST (7-1) 
GER (2) 
LSRWriteO 
GSR(2) 
to bit in 
RST/LSR 


Rx FIFO RST/LSR (0) GER(O) 
Write 0 to 
GSR(O) 
LSR/RST 
Bit zero. 
Read Character 


Tx FIFO 
LSR (5) 
GER (1) 
Write to FIFO 
GSR (1) 
Read GIR(l) 


Modem 
MSR (3-0) 
MIE (3-0) 
Read MSR 
GSR(3) 
GER (3) 
write 0 into the 
appropriate bits 
of MSR (3-0). 


NOTE: 
1. Only if pending 
interrupt 
is Tx FIFa. 


System Clock Generation 


The 82510 has two modes of System Clock Opera- 
tion. It can accept an externally generated clock, or 
it can use a crystal to internally generate its system 
clock. 


CRYSTAL OSCILLATOR 


~~..r:1~ 


Parallel 
Resonant 
Crystal 


290116-6 


Figure 6. Crystal Oscillator 


The 82510 has an on-chip oscillator to generate its 
system clock. The oscillator will take the inputs from 
a crystal attached to the X1 and X2 pins. This mode 
is configured via a hardware strapping option on 
RTS. 
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Figure 7. Strapping Option 


During hardware reset the RTS pin is an input; it is 
weakly pulled high from within and then checked. If it 
is driven low externally then the 82510 is configured 
for the Crystal Oscillator; otherwise an external 
clock is expected. 


EXTERNALLY GENERATED SYSTEM CLOCK 


EJ~ 


~ 
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Figure 8. External Clock 


This is the default configuration. Under normal con- 
ditions the system clock is divided by two; however, 
the user may disable divide by two via a hardware 
strapping option on the DTR pin. The Hardware 
strapping option is similar to the one used on the 
RTS pin. It is forbidden to strap both DTR and RTS. 


Transmit 


The two major blocks involved in transmission are 
the Transmit FIFO and the Transmit Machine. The 
Tx FIFO acts as a buffer between the CPU and the 
Tx Machine. Whenever a data character is written to 
the Transmit Data register, it, along with the Trans- 
mit Flags (if applicable), is loaded into the Tx FIFO. 
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Figure 9. Tx FIFO 


The Tx FIFO can hold up to four, eleven-bit charac- 
ters (nine-bits data, parity, and address flag). It has 
separate read and write mechanisms. The read and 
write pointers are incremented after every operation 
to allow data transfer to occur in a First In First Out 
fashion. The Tx FIFO will generate a maskable inter- 
rupt when the level in the FIFO is below, or equal to, 
the Threshold. The threshold is user programmable. 


For example, if the threshold equals two, and the 
number of characters in the Tx FIFO decreases from 
three to two, the FIFO will generate an interrupt. The 
threshold should be selected with regard to the sys- 
tem's interrupt service latency. 


NOTE: 
There is a one character transmission delay be- 
tween 
FIFO empty and Transmitter 
Idle, so a 
threshold of zero may be selected without getting 
an underrun condition. Also if more than four char- 
acters are written to the FIFO an overrun will occur 
and the extra character will not be written to the Tx 
FIFO. This error will not be reported to the CPU. 


TX MACHINE 


The Tx Machine reads characters from the Tx FIFO, 
serializes the bits, and transmits them over the TXD 
pin according to the timing signals provided for 
transmission. It will also generate parity, transmit 
break (upon CPU request), and manage the modem 
handshaking signals (CTS and RTS) if configured 
so. The Tx machine can be enabled or disabled 
through the Transmit Command register or CTS. If 
the transmitter is disabled in the middle of a charac- 
ter transmission the transmission will continue until 
the end of the character; only then will it enter the 
disable state. 


There are two modes of transmission clocking, 1X 
and 16X. In the 1X mode the transmitted data is 
synchronous to the transmit clock as supplied by the 
SCLK pin. In this mode stop-bit length is restricted to 
one or two bits only. In the 16X mode the data is not 
required to be synchronous to the clock. (Note: The 
Tx clock can be generated by the BRGs or from the 
SCLK pin.) 


MODEM HANDSHAKING 


The transmitter has three modes of handshaking. 


Manual Mode-In 
this mode the CTS and RTS pins 
are not. used by the Tx Machine (transmission is 
started regardless of the CTS state, and RTS is not 
forced low). The CPU may manage the handshake 
itself, by accessing the CTS and RTS signals 
through 
the 
MODEM CONTROL 
and 
MODEM 
STATUS registers. 


Semi-Automatic 
Mode-In 
this mode the RTS pin 
is activated whenever the transmitter is enabled. 
The CTS pin's state controls transmission. Trans- 
mission is enabled only if CTS is active. If CTS be- 
comes inactive during transmission, the Tx Machine 
will complete transmission of the current character 
and then go to the inactive state until CTS becomes 
active again. 


Automatic 
Mode-This 
mode is similar to the semi- 


automatic mode, except that RTS will be activated 
as long as the transmitter is enabled and there are 
more characters to transmit. The CPU need only fill 
the FIFO, the handshake is done by the Tx Machine. 
When both the shift register and the FIFO are empty 
RTS automatically goes inactive. (Note: The RTS pin 
can be forced to the active state by the CPU, regard- 
less of the handshaking mode, via the, MODEM 
CONTROL register.) 


Receive 


The 82510 reception mechanism involves two major 
blocks; the Rx Machine and the Rx FIFO. The Rx 
Machine will assemble the incoming character and 
its associated flags and then LOAD them on to the 
Rx FIFO. The top of the FIFO may be read by read- 
ing the Receive Data register and the Receive Flags 
Register. The receive operation can be done in two 
modes. In the normal 
mode the characters are re- 
ceived in the standard Asynchronous format and 
only control characters are recognized. In the ulan 
mode, the nine bit protocol of the MCS-51 family is 
supported and the ulan Address characters, rather 
than Control Characters are recognized. 
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Figure 10. Rx FIFO 


The 
Rx FIFO is very similar 
in structure 
and basic 
operation 
to the Tx FIFO. It will generate 
a maskable 
interrupt when the FIFO level is above the threshold. 
The Rx FIFO can also be configured 
to operate 
as a 
one-byte 
buffer. This mode is used for 8250 compat- 
ible software 
drivers. An overrun will occur when the 
FIFO is full and the Rx Machine 
has a new character 
for the FIFO. In this situation 
the oldest character 
is 
discarded 
and the new character 
is loaded from the 
Rx Machine. 
An Overrun 
error bit will also be set in 
the RECEIVE STATUS 
and LINE STATUS 
registers. 


The 
user has the option 
to disable 
the 
loading 
of 
incoming 
characters 
on to the Rx FIFO by using the 
UNLOCK/LOCK 
FIFO 
commands. 
(See 
RECEIVE 
COMMAND 
register.) 
When the Rx FIFO is locked, it 
will ignore 
load requests 
from the Rx Machine, 
and 
thus the received 
characters 
will not be loaded 
into 
the 
FIFO and 
may be lost 
(if another 
character 
is 
received). 
These 
two 
commands 
are useful 
when 
the CPU is not willing 
to receive 
characters, 
or is 
waiting 
for specific 
Control/Address 
characters. 
In 
uLAN mode there are three options 
of address 
rec- 
ognition, 
each of these options 
varies in the amount 
of CPU offload, 
and degree 
of FIFO control 
through 
OPEN/LOCK 
FIFO commands. 


Automatic Mode-In 
this mode the Rx Machine will 
open the FIFO whenever 
an Address 
Match occurs; 


it will LOCK the FIFO if an address mismatch 
occurs. 


Semi-Automatic Mode-In 
this 
mode 
the 
Rx Ma- 
chine will open the FIFO whenever 
an address char- 
acter is received. 
It will not lock the FIFO if the Ad- 
dress 
does 
not match. 
The user is responsible 
for 
locking 
the Rx FIFO. 


counter 
to generate 
the data bit (multiple 
sampling 
of input RXD). Bit polarity decisions 
are made on the 
basis 
of majority 
voting; 
i.e., if the 
majority 
of the 
samples 
are "1" 
the result is a "1" 
bit. If all samples 
are not in agreement 
then the bit is also reported 
as 
a noisy 
bit in the 
RECEIVE 
FLAGS 
register. 
The 
sampling 
window 
is programmable 
for either 3/16 
or 
7/16 
samples. 
The 3/16 
mode is useful for high fre- 
quency 
transmissions, 
or when 
serious 
RC delays 
are expected 
on the channel. 
The 7/16 
is best suit- 
ed for 
noisy 
media. 
The 
Rx machine 
also 
has 
a 
DPLL to overcome 
frequency 
shift problems; 
howev- 


er, using it in a very noisy environment 
may increase 
the error, so the user can disable 
the DPLL via the 
Receive 
Mode register. 
The Rx Machine 
will gener- 
ate the parity and the address 
marker as well as any 
framing 
error indications. 


Start Bit Detection-The 
falling 
edge 
of the Start 
bit resets 
the 
DPLL 
counter 
and 
the 
Rx Machine 
starts 
sampling 
the input line (the number 
of sam- 
ples is determined 
by the configuration 
of the sam- 
pling window 
mode). The Start bit verification 
can be 
done through 
either 
a majority 
voting 
system 
or an 
absolute 
voting system. The absolute 
voting requires 
that all the samples 
be in agreement. 
If one of the 
samples 
does not agree then a false Start bit is de- 
termined 
and the Rx Machine 
returns to the Start Bit 
search 
Mode. 
Once 
a Start 
bit is detected 
the 
Rx 
Machine 
will use the majority 
voting 
sampling 
win- 
dow to receive the data bits. 


Break Detection-If 
the input is low for the entire 
character 
frame 
including 
the stop Bit, then the Rx 
Machine 
will set Break Detected 
as well as Framing 
Error in the RECEIVE 
STATUS 
and LINE STATUS 
registers. 
It will push a NULL character 
onto the Rx 
FIFO with a framing-error 
and Break flag (As part of 
the Receive 
Flags). The Rx Machine 
then enters the 
Idle state. When it sees a mark it will set Break Ter- 
minated 
in RECEIVE 
STATUS 
and 
LINE 
STATUS 
registers 
and resume 
normal operation. 


2-48 


intJ 
82510 


PLL 
TER 
15 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


NARROW 
WINDOW 
0'0 /-0 
3 OF" 16 


I 
I 
I 
WIDE WINDOW 
0 /-0 V-0 V~'V/ '//V// 
70F"16 
-> 
DATA 
INPUT 
LINE 
::> 
- 
I 
I 
I 


4 BIT D 
COUN 


290116-11 


Figure 11. Sampling 
Windows 


Control 
Characters-The 
Rx machine can gener- 
ate a maskable interrupt upon reception of standard 
ASCII or EBCDIC control characters, or an Address 
marker is received in the uLAN mode. The Rx ma- 
chine can also generate a maskable interrupt upon a 
match with programmed characters in the Address/ 
Control Character 0 or Address/Control Character 1 
registers. 


Table 6. Control 
Character 
Recognition 


CONTROL 
CHARACTER 
RECOGNITION 


Al 
STANDARD SET 
• 
ASCII: 
OOOXXXXX+ 01111111 
(ASCII DEL) 
(00 - 1FH + 7 FH) 


OR 


• 
EBCDIC: OOXXXXXX 
(00 - 3FH) 


Bl 
User Programmed 
• 
ACRO,ACR1 XXXXXXXX 
REGISTERS 


Baud-Rate 
Generators/Timers 


The S2510 has two-on-chip, 16-bit baud-rate gener- 
ators. Each BRG can also be configured as a Timer, 
and is completely independent of the other. This can 
be used when the Transmit and Receive baud rates 
are different. The mode, the output, and the source 
of each BRG is configurable, and can also be op- 
tionally output to external devices via the TA, TB 
pins (see Fig. 12. BRG Sources and Outputs). 


SOFTWARE 
CONTROLLED 


GATE 
SYS CLK 
XTAL 
CLK 
SOURCE 


SCLK 


·A· 


SOFTWARE 
CONTROLLED 


SCLK 
GATE 
SYS CLK 
XTAL 
CLK 
SOURCE 
BRGA 
OUTPUT 
·B· 


OUT 
Rx CLK 
Tx CLK 


OUT 


Rx CLK 
Tx CLK 
BRGB 
SOURCE 


Figure 12. BRG Sources 
and Outputs 


BAUD RATE GENERATION 


The Baud Rate is generated by dividing the source 
clock with the divisor count. The count is loaded 
from the divisor count registers into a count down 
register. A 50% duty cycle is generated by counting 
down in steps of two. When the count is down to 2 
the entire count is reloaded and the output clock is 
toggled. Optionally the two BRGs may be cascaded 
to provide a larger divisor. Note that this is the de- 
fault configuration and used for 8250Al16450 emu- 
lation. 


f 0 = f;"./Divisor 


where fin is the input clock frequency and Divisor is 
the count loaded into the appropriate count regis- 
ters. System clock frequencies can be selected 
(4 -+ 
9.216 MHz) to eliminate baud rate error for 
high baud rates. 
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16x Divisor 
% 
Bit Rate 
Error 


110 
5236 (1474h) 
.007% 


300 
1,920 (780h) 
- 


1200 
480 (1EOh) 
- 


2400 
240 (FOh) 
- 


9600 
60 (3Ch) 
~-:" 


19,200 
30 (1Eh) 
- 


38,400 
15 (OFh) 
- 


56,000 
10 (OAh) 
2.8% 
I- 


288,000 
2 (02h) 
- 


Source 
ClK 
= Internal 
Sys. Clk 


= 18.432 
MHz/2 
(Crystal) 


= 9.216 
MHz (External 
IX clock) 


NOTE: 
Internal 
system 
clock 
is % crystal 
frequency 
or % external 


clock 
frequency 
when 
using 72 clock 
option. 


The BRG counts down in increments of two and 
then is divided by two to generate a 50% duty cycle; 
however, for odd divisors it will count down the first 
time by one. All subsequent countdowns will then 
continue in steps of two. In those cases the duty 
cycle is no longer exactly 50%. The deviation is qlv- 
en by the following equation: 


deviation 
= 1/(2. 
divisor) 


The BRG can operate with any divisor between 1 
and 65,535; however, for divisors between 1 and 3 
the duty cycle is as follows: 


Table 8. Duty Cycles 


Divisor 
Duty Cycle 


3 
33% 
r 


2 
50% 
, 


1 
Same as Source 


0 
FORBIDDEN 


Timer Mode 


Each of the 82510 BRGs can be used as Timers. 
The Timer is used to generate time delays by count- 
ing the internal system clock. When enabled the 
Timer uses the count from the Divisor/Count regis- 
ters to count down to 1. Upon terminal count a 
maskable Timer Expired interrupt is generated. The 


delay between the trigger and the terminal count is 
given by the following equation: 


Delay = Count. 
(System 
Clock 
Period) 


To start counting, the Timer has to be triggered via 
the Start Timer Command. To restart the Timer after 
terminal count or while counting, the software has to 
issue the trigger command again. While counting the 
Timer can be enabled or disabled by using a soft- 
ware controlled Gate. It is also possible to output a 
pulse generated upon terminal count through the TA 
or TB pins. 


In 1X clock mode the only clock source available is 
the SCLK pin. The serial machines (both Tx Machine 
and Rx Machine) can independently use one of two 
clock modes, either 1X or 16X. Also no configuration 
changes are allowed during operation as each write 
in the BRG configuration registers causes a reset 
signal to be sent to the BRG logic. The mode or 
source clocks may be changed only after a Hard- 
ware or Software reset. The Divisor (or count, de- 
pending upon the mode) may be updated during op- 
eration unless the particular BRG machine' is being 
used as a clock source for one of the serial ma- 
chines, and the particular serial machine is in opera- 
tion at the time. Loading the count registers with "0" 
is forbidden in all cases, and loading it with a "1" is 
forbidden in the Timer Mode only. 


SERIAL DIAGNOSTICS 


The 82510 supports two modes of Loopback opera- 
tion, Local Loopback and Remote Loopback as well 
as an Echo mode for diagnostics and improved 
throughput. 


LOCAL LOOPBACK 


-.~~~~PIN 


~8.J~P'N 


290116-12 


Figure 13. Local Loopback 


The Tx Machine output and Rx Machine input are 
shorted internally, TXD pin output is held at Mark. 
This feature allows simulation of Transmission/Re- 
ception of characters and checks the Tx FIFO, Tx 
Machine, Rx Machine, and Rx FIFO along with the 
software without any external side effects. The mo- 
dem outputs OUT1, OUT2, DTR and RTS are inter- 
nally shorted to RI, DCD, DSR and CTS respectively. 
OUTOis held at a mark state. 
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REMOTE 
LOOPBACK 


82510 


~B 
~PIN 


=.71 ~ r-:,,, 


~~ 
290116-13 


Figure 14. Remote 
Loopback 


The TXD pin and RXD pin are shorted internally (the 
data is not sent on to the RX Machine). This feature 
allows the user to check the communications chan- 
nel as well as the Tx and Rx pin circuits not checked 
in the Local Loopback mode. 


AUTO 
ECHO= 


~~PIN 
TXO 
~ 
_ 


~PIN 
RXO 
~ 


290116-14 


Figure 15. Auto Echo 


In Echo Mode the received characters are autornati- 
cally transmitted back. When the characters are 
read from the 
Rx FIFO they are automatically 
pushed back onto the Tx FIFO (the flags are also 
included). The Rx Machine baud rate must be equal 
to, or less than, the Tx Machine baud rate or some 
of the characters may be lost. The user has an op- 
tion of preventing echo of special characters; Con- 
trol Characters and characters with Errors. 


Power Down Mode 


The 82510 has a "power down" mode to reduce 
power consumption when the device is not in use. 


The 82510 powers down when the power down 
command is issued via the Internal Command Regis- 
ter (ICM). There are two modes of power down, 
Sleep and Idle. 


In Sleep mode, even the system clock of the 82510 
is shut down. The system clock source of the 82510 
can either be the Crystal Oscillator or an external 
clock source. If the Crystal Oscillator is being used 
and the power down command is issued, then the 
82510 will automatically enter the Sleep mode. If an 
external clock is being used, then the user must dis- 
able the external clock in addition to issuing the 
Power Down command, to enter the Sleep mode. 
The benefit of this mode is the increased savings in 
power consumption (typical power consumption in 
the Sleep mode is in the ranges of 100s of mi- 
croAmps). However, upon wake up, the user must 
reprogram the device. To exit this mode the user 
can either issue a Hardware reset, or read the FIFO 
Level Register (FLR) and then issue a software re- 
set. In either case the contents of the 82510 regis- 
ters are not preserved and the device must be repro- 
grammed prior to operation. If the Crystal Oscillator 
is being used then the user must allow enough time 
for the oscillator to wake up before issuing the soft- 
ware reset. 


The 82510 is in the idle mode when the Power Down 
command is issued and the system clock is still run- 
ning (i. e. the system clock is generated externally 
and not disabled by the user). In this mode the con- 
tents of all registers and memory cells are pre- 
served, however, the power consumption in this 
mode is greater than in the Sleep mode. Reading 
FLR will take the 82510 out of this mode. 


NOTE: 
The data read from FLR when exiting Power Down 
is invalid and should be ignored. 
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DETAILED 
REGISTER 
DESCRIPTION 


Table 9. Register 
Map 


Bank 
Address 
Read 
Write 
Register 
Register 
o (NAS) 
o (DLAB = 0) 
RXD 
TXD 
8250Al16450 
1 (DLAB = 0) 
GER 
- 
GER 
o (DLAB = 1) 
BAL 
BAL 
1 (DLAB = 1) 
BAH 
BAH 
2 
GIR/BANK 
BANK 
3 
LCR 
LCR 
4 
MCR 
MCR 
5 
LSR 
LSR 
6 
MSR 
MSR 
7 
ACRO 
ACRO 


1 (WORK) 
0 
RXD 
TXD 
1 
RXF 
TXF 
2 
GIR/BANK 
BANK 
3 
TMST 
TMCR 
4 
FLR 
MCR 
5 
RST 
RCM 
6 
MSR 
TCM 
7 
GSR 
ICM 


2 (GENERAL 
CONF) 
0 
- 
- 
1 
FMD 
FMD 
2 
GIR/BANK 
BANK 
3 
TMD 
, 


TMD 
4 
IMD 
IMD 
5 
ACR1 
ACR1 
6 
RIE 
RIE 
7 
RMD 
RMD 
, 


3 (MODEM 
CONF) 
o (DLAB = 0) 
CLCF 
CLCF 
1 (DLAB = 0) 
BACF 
BACF 
o (DLAB = 1) 
BBL 
BBL 
1 (DLAB = 1) 
BBH 
BBH 
2 
GIR/BANK 
BANK 
3 
BBCF 
BBCF 
4 
PMD 
PMD 
5 
MIE 
MIE 
6 
TMIE 
TMIE 
7 
- 
- 


(1) ACRO is used in INS8250 as a Scratch-Pad 
Register 
(2) DLAB = LCR Bit #t 


The 82510 
has thirty-five 
registers 
which 
are divided 
into four 
banks 
of register 
banks. 
Only one bank 
is 
accessible 
at anyone 
time. The bank is selected 
through 
the BANK1-0 
bits in the GIR/BANK 
register. 
The 
individual 
registers 
within a bank are selected 
by the three address 
lines (A2-0). 
The 82510 registers 
can be 
grouped 
into the following 
categories. 
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BANK ZERO 8250A/1645D-'-COMPATIBLE 
BANK 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Addres8 Defaul 


IrxD (33) 
Tx Data 
TxData 
TxData 
TxData 
TxData 
Tx Data 
Tx Data 
Tx Data 
0 
- 


bit7 
bitS 
bit5 
bit 4 
bit 3 
bit2 
bit 1 
bitO 


RxD(35) 
RxData 
Rx Data Rx Data 
Rx Data 
RxData 
RxData 
RxData 
RxData 
0 
- 
bit7 
eus 
bit5 
bit4 
bit 3 
bit 2 
bit 1 
bit 0 


BAL(11) 
BRGA LSB Divide Count (DLAB = 1) 
0 
02H 


BAH(12) 
BRGA MSB Divide Count (DLAB = 1) 
1 
OOH 


GER (1S) 
0 
0 
Timer 
TxMachine 
Modem 
Rx Machine 
TxFIFO 
RxFIFO 
1 
OOH 


Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 


Enable 
Enable 
Enable 
Enable 
Enable 
Enable 


GIR/BANK 
0 
BANK 
BANK 
0 
Active 
Active 
Active 
Interrupt 
2 
01H 


21) 
Pointer 
Pointer 
Block Int 
Block Int 
Block Int 
Pending 


bit 1 
bit 0 
bit 2 
bit 1 
bitO 


LCR(2) 
DLAB 
Set 
Parity 
Parity 
Parity 
Stop bit 
Character 
Character 
3 
OOH 


Divisor 
Break 
Mode 
Mode 
Mode 
Length 
Length 
Length 


Latch 
bit2 
bit 1 
bit 0 
bit 0 
bit 1 
bitO 


Access bit 


MCR (32) 
0 
0 
OUTO 
Loopback 
OUT2 
OUT1 
RTS 
DTR 
4 
OOH 


Complemen 
Control bit 
Complemen 
Complement 
Complemen 
Complement 


LSR (22) 
0 
TxM 
TxFIFO 
Break 
Framing 
Parity 
Overrun 
RxFIFO 
5 
SOH 


Idle 
Interrupt 
Detected 
Error 
Error 
Error 
IntReq 


MSR (27) 
DCD Input RI Input DSR Input 
CTS Input 
State 
State (H -+ L) State 
State 
S 
OOH 
Inverted 
Inverted Inverted 
Inverted 
Change 
Change 
Change 
Change 


inDCD 
inRI 
inDSR 
inCTS 


fo',CRO(5) 
Address or Control Character 
Zero 
7 
OOH 


BANK ONE-GENERAL 
WORK BANK 


Register 
'7 
6 
5 
4 
3 
2 
1 
0 
Address 
Default 


TxD(33) 
Tx Data 
TxData 
TxData 
TxData 
TxData 
TxData 
TxData 
TxData 
0 
- 
bit7 
en s 
bit 5 
bit4 
bit 3 
bit 2 
bit 1 
bit 0 


RxD(35) 
RxData 
RxData 
Rx Data 
RxData 
Rx Data 
Rx Data 
RxData 
RxData 
0 
- 
bit 7 
bitS 
bit 5 
bit 4 
bit3 
bit 2 
bit 1 
bit 0 


RxF(24) 
- 
RxChar 
RxChar 
RxChar 
Address 
or 
Break 
RxChar 
Ninth 
1 
- 
OK 
Noisy 
Parity 
Control 
Flag 
Framing 
Data bit 
Error 
Character 
Error 
of RxChar 


TxF (34) 
Address 
Software 
Ninth bit 
0 
0 
0 
0 
0 
1 
- 
Marker bit Parity bit of Data Char 


GIR/BANK 
0 
BANK 
BANK 
0 
Active 
Active 
Active 
Interrupt 
2 
01H 
(21) 
Pointer 
Pointer 
Block Int 
Block Int 
Block Int 
Pending 
bit 1 
bit 0 
bit2 
bit 1 
bit 0 


TMST(2S) 
- 
- 
GateB 
Gate A 
- 
- 
TimerB 
Timer A 
3 
30H 
State 
State 
Expired 
Expired 


TMCR(31) 
0 
0 
Trigger 
Trigger 
0 
0 
Start 
Start 
3 
- 
GateB 
Gate A 
TimerB 
Timer A 


MCR (32) 
0 
0 
OUTO 
Loopback 
OUT2 
OUT1 
RTS 
DTR 
4 
OOH 
Complement 
Control bit Complement 
Complement 
Complement 
Complement 


NOTE: 
The register 
number 
is provided 
as a reference 
number 
for the register 
description, 
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BANK ONE-GENERAL 
WORK 
BANK (Continued) 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
Default 


FLR (25) 
- 
Rx FIFO Level 
- 
Tx FIFO Level 
4 
OOH 


RST(23) 
Address! 
Address! 
Break 
Break 
Framing 
Parity 
Overrun 
RxFIFO 
5 
OOH 


Control 
Control 
Terminated 
Detected 
Error 
Error 
Error 
Interrupt 


Character 
Character 
Requested 


Received 
Match 


RCM (30) 
Rx 
Rx 
Flush 
Flush 
Lock Rx 
Open Rx 
0 
0 
5 
- 


Enable 
Disable 
RxM 
RxFIFO 
FIFO 
FIFO 


MSR (27) 
DCD 
RI Input 
DSR Input 
CTS Input 
State 
State 
State 
State 
6 
OOH 


Complement 
Inverted 
Inverted 
Inverted 
Change 
Change 
Change 
Change 


inDCD 
inRI 
inDSR 
inCTS 


TCM (29) 
0 
0 
0 
0 
Flush Tx 
Flush Tx 
Tx 
Tx 
6 
- 
Machine 
FIFO 
Enable 
Disable 


GSR (20) 
- 
- 
Timer 
TxM 
Modem 
RxM 
TxFIFO 
Rx FIFO 
7 
12H 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 


ICM(2B) 
0 
0 
0 
Software 
Manuallnt 
Status 
Power 
0 
7 
- 
Reset 
Acknowledge 
Clear 
Down 
Command 
Mode 


BANK TWo-GENERAL 
CONFIGURATION 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
Default 


FMD(4) 
0 
0 
Rx FIFO Threshold 
0 
0 
Tx FIFO Threshold 
1 
OOH 


GIR!BANK 
0 
BANK 
BANK 
0 
Active 
Active 
Active 
Interrupt 
2 
01H 
(21) 
Pointer 
Pointer 
Block Int 
Block Int Block Int Pending 


bit 1 
bitO 
bit2 
bit 1 
bitO 


TMD(3) 
Error 
Control 
9-bit 
Transmit 
Mode 
Software 
Stop Bit Length 
3 
OOH 


Echo 
Character 
Character 
Parity 


Disable 
Echo Disable 
Length 
Mode 


IMD(1) 
0 
0 
0 
0 
Interrupt 
RxFIFO 
ulan 
Loopbackor 
4 
OCH 
Acknowledge 
Depth 
Mode 
Echo Mode 
Mode 
Select 
of Operation 


ACR1 (6) 
Address 
or Control 
Character 
1 
5 
OOH 


RIE(17) 
Address! 
Address! 
Break 
Break 
Framing 
Parity 
Overrun 
0 
6 
1EH 


Control 
Control 
Terminate 
Detect 
Error 
Error 
Error 


Character 
Character 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Recognition 
Match 
Enable 
Enable 
Enable 
Enable 
Enable 
Interrupt 
Interrupt 
Enable 
Enable 


RMD(7) 
Address!Control 
Disable 
Sampling 
Start bit 
0 
0 
0 
7 
OOH 
Character 
Mode 
DPLL 
Window 
Sampling 


Mode 
Mode 


BANK THREE-MODEM 
CONFIGURATION 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
Default 


CLCF(B) 
RxClock 
RxClock 
TxClock 
TxClock 
0 
0 
0 
0 
0 
OOH 
Mode 
Source 
Mode 
Source 


BACF(9) 
0 
BRGA 
0 
0 
0 
BRGA 
0 
0 
1 
04H 
Clock 
Mode 
Source 


SSL(13) 
SRGS LSS Divide Count (DLAS = 1) 
0 
05H 


BBH (14) 
BRGB MSB Divide Count (DLAB = 1) 
1 
OOH 
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BANK 
THREE-MODEM 
CONFIGURATION 
(Continued) 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
Default 


GIRl BANK 
0 
BANK 
BANK 
0 
Active 
Active 
Active 
Interrupt 
2 
01H 


(21) 
Pointer 
Pointer 
Block Int 
Block Int 
Block Int 
Pending 


bit 1 
bitO 
bit 2 
bit 1 
bit 0 


BBCF(10) 
BRGB Clock Source 
0 
0 
0 
BRGB 
0 
0 
3 
84H 


Mode 


PMD(15) 
DCD/ICLKI 
DCD/ICLKI 
DSR/TAI 
DSR/TAI 
RI/SCLK 
DTR/TB 
0 
0 
4 
FCH 


OUT 1 
OUT1 
aUTO 
aUTO 
Function 
Function 
Direction 
Function 
Direction 
Function 


MIE(19) 
0 
0 
0 
0 
DCDState 
RI State 
DSR State 
CTSState 
5 
OFH 
Change 
Int Change 
Int Change 
Int Change 
Int 
Enable 
Enable 
Enable 
Enable 


TMIE(18) 
0 
0 
0 
0 
0 
0 
TimerB 
Timer A 
6 
OOH 
Interrupt 
Interrupt 
Enable 
Enable 


CONFIGURATION 


These read/write 
registers 
are used to configure 
the device. They may be read at anytime; 
however, 
they may 
be written 
to only when the device 
is idle. Typically 
they are written to only once after system 
power up. They 
are set to default 
values 
upon Hardware 
or Software 
Reset (Default 
Wake-Up 
Mode). The default 
values 
are 
chosen 
so as to allow the 82510 to be fully software 
compatible 
with the IBM PC Async Adapter 
(INS 8250Al 
16450) when in the default wakeup 
mode. The 82510 can operate 
in the High Performance 
mode by program- 
ming the configuration 
registers 
as necessary. 


The configuration 
options 
available 
to the user are listed below. 


I 
Table 11. Configuration 
Options 


Interrupt Acknowledge 
Mode 
• 
Automatic 
• 
Manual 
Receive 
• 
Sampling 
Window 
Size 
• 
Start Bit Detection 
Mode 
• 
DPLL Disable/Enable 


JLLAN (8051) 
Address 
Recognition 
• 
Manual, 
Semi-Automatic, 
Automatic 
Diagnostics 
• 
Loopback 
• 
Remote 
• 
Local 
• 
Echo 
• 
Yes/No 
• 
Disable 
Error Echo 
• 
Disable Control/Address 
Char. Echo 


FIFO 
• 
RX FIFO Depth 
• 
RX, TX Threshold 
Clock Options 
• 
RX, TX Clock Mode 


• 
1X 
• 
16X 
• 
RX, TX Clock Source 
• 
BRGA 
• 
BRGB 
• 
BRGAlB 
Operation 
Mode 
• 
Timer 
• 
BRG 
• 
BRGAlB 
Divide Count 
• 
BRGAlB 
Source 
• 
Sys Clock 
• 
SCLK Pin 
• 
BRGA Output 
(BRGB 
Only) 


Control Character 
Recognition 
' 


• 
None 
• 
Standard 
• 
ASCII 
• 
EBCDIC 
• 
Two User Programmed 
TX Operation 
• 
RTS/CTS 
Control 
Manual, 
Semi-Automatic, 


Automatic 
• 
Parity Mode 
• 
Stop Bit Length 
• 
Character 
Size 
I/O Pins 
• 
Select 
Function 
for Each 
Multifunction 
Pin 
• 
Select 
Direction 
for Multi- 
function 
Pin (If Applica- 
ble) 
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MODE REGISTER 
,.f 


82510 


290116-15 
~ 


LE~ - 
LOO BACK/ECHO 


RESERVED 
J.£L~ - J.£LAN ~ODE 


RfD - 
RxFIFO 
DEPTH 


~ 
IA~ - 
INTERRUPT 
ACKNOWLEDGE 
~ODE 


IMD-Internal 
Mode Register 


This register defines the general devicemode of op- 
eration. The bit functions are as follows: 
I 


7-4: 
Reserved 


lAM: 
Interrupt Acknowledge Mode Bit 


o - 
Manual acknowledgement of pend- 
ing interrupts 
1 - 
Automatic 
acknowledgement 
of 
pending interrupts (upon CPU serv- 
ice) 


This bit, when set, configures the 82510 for the auto- 
matic acknowledge mode. This causes the 82510 
INT line to go low for two clock cycles upon service 
of the interrupt. After two clock cycles it is then up- 
dated. It is useful in the edge triggered mode. In 
manual acknowledgement mode the CPU must ex- 
plicitly issue a command to clear the INT pin. (The 
INT pin then goes low for a minimum of two clock 
cycles until another enabled status register bit is 
set.) 


RFD: 
Receive FIFO Depth 


o - 
Four Bytes 
1 -.One 
Byte 


This bit configures the depth of the Rx FIFa. With a 
FIFa depth of one, the FIFa will act as a 1-byte 
buffer to emulate the 8250A. 


ULM: 
uLAN Mode 


o - 
Normal Mode 
1 - 
uLAN Mode 


This bit, enables the 82510 to recognize and/or 
match address using the 9-bit MCS-51 asynchro- 
nous protocol. 


LEM: 
Loopback/Echo Mode Select 


This bit selects the mode of loopback operation, or 
the mode of echo operation; depending upon which 
operation mode is selected by the Modem Control 
register bit LC. 


In loopback 
mode (Modem Control register bit 
LC = 1) it selects between local and remote loop- 
back. 


o - 
Local Loopback 
1 - 
Remote Loopback 


In echo mode (Modem Control register bit LC = 0) it 
selects between echo or non-echo operation. 


0- 
No Echo 
1 - 
Echo Operation 
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2. LCR-LlNE 
CONFIGURE REGISTER 


82510 


DLAB 


SBK - SET BACK 


PARITY [:~~ 
+- 
--J 


PIiAO+--------1 


CLO} 
CHARACTER 
CL1 
LENGTH 
'"----+ 
SBLO - STOP BIT LENGTH 


LCR-Line 
Conflgure Register 


290116-16 


This register defines the basic configuration of the 
serial link. 


DLAB-Divlsor 
Latch Access Bit-This 
bit, when 
set, allows access to the Divisor Count registers 
BAl,BAH;BBl,BBH 
registers. 


SBK-Set 
Break Bit-This 
bit will force the TxD pin 
low. The TxD pin will remain low (regardless of all 
activities) until this bit is reset. 


PM2-PMo-Parlty 
Mode Bits-These 
three bits 
combine with the SPF bit of the Transmit Mode reg- 
ister to define the various parity modes. See Table 
12. 


Table 12. Parity Modes 


PMO 
SPF 
PM2 
PM1 
Function 


0 
X 
X 
X 
No Parity 
1 
0 
0 
0 
Odd Parity 
1 
0 
0 
1 
Even Parity 
1 
0 
1 
0 
High Parity 
1 
0 
1 
1 
low Parity 
1 
1 
0 
0 
Software Parity 


SBLo-Stop 
Bit Length-This 
bit, together with 
SBl1 and SBL2 bits of the Transmit Mode register, 
defines the Stop-bit lengths for transmission. The Rx 
machine can identify 3/4 stop bit or more. See Table 
13. 


Table 13. Stop Bit Length 


SBL2 
SBL1 
SBLO 
Stop Bit Length 
16X 
1X 


0 
0 
0 
4/4 
- 
0 
0 
1 
6/4 or 8/4' 
- 
0 
1 
0 
3/4 
1 
0 
1 
1 
4/4 
1 
1 
0 
0 
5/4 
1 
1 
0 
1 
6/4 
1 
1 
1 
0 
7/4 
1 
1 
1 
1 
. 8/4 
2 


'614 If character 
length 
IS 5 bits; else S/4 


CLO-CL 1--Character 
Length 
Bits-These 
bits, 


together with the Transmit Mode register bit NBCl, 
define the character length. See Table 14. 


Table 14.Character Length 


NBCL 
CL1 
CLO 
Character Length 


0 
0 
0 
5 BITS 
0 
0 
1 
6 BITS 
0 
1 
0 
7 BITS 
0 
1 
1 
8 BITS 
1 
0 
0 
9 BITS 
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This register together 
with the Line Configure 
Regis- 
ter defines 
the Tx machine 
mode of operation. 


EED-Error EchoDisable-Disables 
Echo of char- 
acters 
received 
with 
errors 
(valid 
in echo 
mode 


. only). 


CED-Control CharacterEcho Disable-Disables 
Echo of characters 
recognized 
as control 
characters 
(or address 
characters 
in uLAN mode). Valid in echo 
mode only. 


NBCL-Nine-Bit 
Length-This 
bit, 
coupled 
with 
LCR (CLO, CL1), selects 
Transmit/Receive 
charac- 
ter length of nine bits. See Table 
14. 


TM1-TMo-Transmit 
Mode-These 
bits 
select 
one 
of three 
modes 
of control 
over 
the 
CTS and 
RTS lines. 


Oo-Manual Mode-In 
this mode the CPU has full 
control 
of the Transmit 
operation. 
The CPU has to 
explicitly 
enable/disable 
transmission, 
and activate/ 
check 
the RTS/CTS 
pins. 


01-Reserved 


1O-Semi-Automatic Mode-In 
this 
mode 
the 
82510 transmits 
only when CTS input is active. The 
82510 activates 
the RTS output as long as transmis- 
sion is enabled . 


11-Automatic 
Mode-In 
this 
mode 
the 
82510 
transmits 
only when 
CTS input is active. 
The 
RTS 
output 
is activated 
only 
when 
transmission 
is en- 
abled and there is more data to transmit. 


SPF-Software Parity Force-This 
bit defines 
the 
parity modes along with the PMO, PM1, and PM2 bits 
of the LCR register. When software 
parity is enabled 
the software 
must determine 
the parity 
bit through 
the TxF register on transmission, 
or check the parity 
bit in RxF upon reception. 
See Table 
12. 


SBL2-SBL 1-Stop 
Bit Length-These 
bits, 
to- 
gether with the SBLO bit of the LCR register 
define 
the stop bit length. 
See Table 
13. 
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4. FMD--FIFO 
MODE 
REGISTER 


~ 


TFTO 
.,,'"'" ~ 
,~,)",,,,,"",,,,,,u> 


RECEIVE FIFO [RFT1 
} RESERVED 
THRESHOLD 
RFTO 


290116-18 


FMD--FIFO 
Mode 
Register 


This 
register 
configures 
the 
Tx 
and 
Rx 
FIFO's 
threshold 
levels-the 
occupancy 
levels 
that 
can 
cause an interrupt. 


cated 
by these bits the Rx FIFO Interrupt 
is activat- 


ed. 


3-2-Reserved 
7-6-Reserved 


RFT1-RFT~Receive 
FIFO 
Threshold-When 
the Rx FIFO occupancy 
is greater than the level indi- 


TFT1- 
TFT~ 
Transmit 
FIFO 
Threshold-When 


the TX FIFO occupancy 
is less than or equal to the 


level indicated 
by these bits the Tx FIFO Interrupt 
is 


activated. 


5. ACR~ADDRESS/CONTROL 
CHARACTER 
REGISTER 
0 


290116-47 


ARC~Address/Control 
Character 
Register 
0 


This register 
contains 
a byte which 
is compared 
to 
each 
received 
character. 
The 
exact 
function 
de- 
pends on the configuration 
of the IMD register. 


character 
must be right justified 
and the leading bits 


be filled with zeros. 
. 


In normal 
mode 
this register 
may be used to pro- 


gram a special control 
character; 
a matched 
charac- 
ter will be reported 
in the RECEIVE 
STATUS 
reqis- 
ter. The maximum 
length of the control 
characters 
is 
eight bits. If the length is less than eight bits then the 


In uLAN mode this register contains 
the eiqht-bit 
sta- 


tion 
address 
for recognition. 
In this 
mode 
only 
in- 


coming 
address 
characters 
(i.e., characters 
with ad- 


dress bit set) will be compared 
to these register. The 


PCRF bit in the RECEIVE 
STATUS 
register 
will be 


set when 
an Address 
or Control 
Character 
match 


occurs. 


6. ACR1-ADDRESS/CONTROL 
CHARACTER 
REGISTER 
1 


290116-48 


ARC1-Address/Control 
Character Register 1 


NOTE: 
This register 
is identical 
in function 
to ACRO. 
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7. RMD-RECEIVE 
MACHINE MODE REGISTER 


82510 


~ 


},LAN/CONTROL 
( },CMO 
1 
CHAR 
MODE 
},CM 1 
RESERVED 


DISABLE 
DPLL - 
DPD 


SAMPLING 
WINDOW-SWM 
MODE 
~ 
START 
BIT SAMPLING 
MODE 


290116-19 
RMD-Receive 
Machine Mode Register 


This register defines the Rx Machine mode of opera- 
tion. 


uCMO,uCM1-uLAN/Control 
Character Recogni- 
tion Mod~ln 
normal mode it defines the Control 
Character recognition mode. In ulan mode they de- 
fine modes of address recognition. 


In uLAN mode: selects the mode of address recog- 
nition. 


Oo-Manual 
Mod~Rx 
Machine reports reception 
of any address character, via CRF bit of RECEIVE 
STATUS register, and writes it to the Rx FIFO. 


01-8eml-Automatlc 
Mode-Operates 
the same 
as Manual Mode but, in addition, the Rx Machine 
OPENS (unlocks) the Rx FIFO upon reception of any 
address characters. Subsequent received charac- 
ters will be written into the FIFO. (Note: it is the us- 
er's responsibility to LOCK the FIFO if the address 
character does not match the station's address.) 


1o-Automatlc 
Mod~The 
Rx Machine will OPEN 
(unlock) the Rx FIFO upon Address Match. In addi- 
tion the Rx Machine LOCKs the Rx FIFO upon rec- 
ognition of· address mismatch; i.e., it controls the 
flow of characters into the Rx FIFO depending upon 
the results of the address comparison. If a match 
occurs it will allow characters to be sent to the FIFO; 
if a mismatch occurs it will keep the characters out 
of the FIFO by LOCKING it. 


11-Reserved 


In normal 
Mode: selects the mode of Standard Set 
Control Character Recognition (programmed control 
characters are always recognized). 
00- 
No Standard Set Control Characters Recog- 
nized. 
01- 
ASCII Control Characters 
(00H-1 
FH + 7FH). 
10- 
Reserved. 
11- 
EBCDIC Control Character Recognized 
(OOH- 
3FH). 


DPD-Dlsable 
Digital Phase Locked Loop-When 
set, disables the DPLL machine. (Note: using the 
DPLL in a very noisy media, may increase the error 
rate.) 


SWM-8ampllng 
Window Mod~:rhis 
bit controls 
the mode of data sampling: 


O-Small Window, 3/16 sampling. 
1-Large 
Window, 7/16 sampling. 


SSM-Start 
Bit Sampling Mod~ 
This bit controls 
the mode of Start Bit sampling. 


0- 
Majority Voting for start bit. In this mode a ma- 
jority of the samples determines the bit. 


1- 
In this mode if one of the bit samples is not 
'0', the start bit will not be detected. 
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8. CLCF-CLOCKS 
CONFIGURE REGISTER 


82510 


CLCF-Clocks 
Conflgure Register 


290116-20 
~ 


Rx CLOCK MODE - RxCM 
. 


Rx CLOCK SOURCE - RxCS 
1RESERVED 
Tx CLOCK MODE - TxCM 


Tx CLK SOURCE - TxCS 


This register defines the Transmit and Receive Code 
modes and sources. 


RxCM-Rx 
Clock Mod~ 
This bit selects the mode 
of the receive clock which is used to sample the 
received data. 
0-16X 
Mode. 
1- 
1X Mode. In this mode the receive data must be 
synchronous to the Rx Clock; supplied via the 
SCLK pin. 


RxC5-Rx 
Clock souree-« This bit selects the 
source of the internal receive clock in the case of 
16X mode (as programmed by the RxCM bit above). 


O-BRGB Output 
1-BRGA 
Output 


9. BACF-BRGA 
CONFIGURATION REGISTER 


TxCM- Transmit Clock Mod~ 
This bit selects the 
mode of the Transmit Data Clock, which is used to 
clock out the Transmit Data. 


0-16XMode 
• 
1- 
1X Mode. In this mode the Transmit data is 
synchronous to the Serial Clock; supplied via 
the SCLK pin. 


TxC5- Transmit 
Clock 
Sour~elects 
the 
source of internal Transmit Clock in case of 16X 
mode. 
O-BRGB Output. 
1-BRGA 
Output. 


BACF-BRGA Configuration Register 
290116-21 
~ 


RESERVED 
RESERVED 


BRGA CLOCK SOURCE - BACS 
RESERVED 


RESERVED 
BAM - BRGA MODE 


RESERVED 
RESERVED 


This register defines the BRGA clock sources and 
the mode of operation. 


BAC5-BRGA 
Clock Source-Selects 
the input 
clock source for Baud Rate Generator A. 


O-System Clock 
1-SCLK 
Pin 


This bit has no effect if BRGA is configured as a 
timer. 


BAM-BRGA 
Mode of Operatlon-Selects 
be- 
tween the Timer mode or the Baud Rate Generator 
Mode. 


0- 
Timer Mode (in this mode the input clock 
source is always the system clock). 
1- 
Baud Rate Generator Mode 
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10. BBCF-BRGB 
CONFIGURATION REGISTER 


~ 


BRGB 
CLOCK ('=' 
}RESERVED 
SOURCE 
BBCSO 


( 


BBM - 
BRGB 
MODE 
RESERVED 
RESERVED 
290116-22 
BBCF-BRGB Configuration Register 


This register defines the BAGB clock sources and 
mode of operation. (Note: BRGB can also take its 
Input Clock from the output of BAGA.) 


BBCS1, BBCSO- These two bits together define the 
input Clock Sources for BAGB. These bits have no 
effect when in the timer mode. 


00- 
System Clock 
01- 
SCLK Pin 


10- 
BAGA Output 
11- 
Aeserved 


BBM-BAGB 
Mode of Operation. 


0- 
Timer Mode (In this mode the input clock 
source is always the system clock.) 
1- 
BRG Mode 


11. BAL-BRGA 
DIVIDE COUNT LEAST SIGNIFICANT BYTE 


290116-49 
BAL-BRGA 
Divide Count Low Byte 


This register contains the least significant byte of the BRGA divisor/count. 


12. BAH-BRGA 
DIVIDE COUNT MOST SIGNIFICANT BYTE 


I 


290116-50 
BAH-BRGA 
Divide Count High Byte 


This register contains the most significant byte of the BAGA divisor/count. 


13. BBL-BRGB 
DIVIDE COUNT LEAST SIGNIFICANT BYTE 


290116-51 
BBL-BRGB 
Divide Count Low Byte 


This register contains the least significant byte of the BRGB divisor/count. 
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14. BBH-BRGB 
DIVIDE COUNT MOST SIGNIFICANT BYTE 


BBH-BRGB Divide Count High Byte 


290116-52 


15. PMD-1I0 
PIN MODE REGISTER 


This register contains the most significant byte of the BRGB divisor/count. 


~ 


DCD/ICLK/OUT1 
DIRECTION- 0100 
} 
___ 
RESERVED 
DCD/ICLK/OUT1 
FUNCTION- 0101' 


DSR/TA/OUTO DIRECTION- DTAD 
,DTF- ~RjTB 
FUNCTION 


DSRjTA/OUTO FUNCTION- DTAF 
RRF- RI/SCLK FUNCTION 
290116-23 


PMD-1I0 
Pin Mode Register 


This register is used to configure 
the direction 
and 
function of the multifunction 
pins. The following 
op- 
tions are available on each pin. 


1. Direction: Input or Output Pin. 


0- 
Defines the Pin as an output pin (general pur- 
pose or special function). 
1- 
Defines the pin as an input pin. 


2. Function: General purpose or special purpose pin 
(no effect if the pin is programmed 
as. an Input). 


0- 
special function output pin. 


1- 
general purpose output pin. 
DIOD-DCD/IClK/OUT1 
Direction. 


0- 
Output: 
IClK 
or 
OUT1 
(depending 
on 
bit 
DIOF) 
1-lnput: 
DCD. 
DIOF-DCD/IClK/OUT1 
Function 
(output 
mode only). 


0- 
IClK 
(Output of the Internal System Clock). 


1- 
OUT1 general purpose output, Controlled 
by 
MODEM CONTROL 
Register 
DTAD-DSR/T 
AlOUTO Direction. 


0- 
Output: 
TA 
or 
OUTO 
(Dependent 
upon 
DTAF). 
1- 
Input: DSR. 
DTAF-DSR/T 
AlOUTO 
Direction 
(output 
mode only). 


0- 
TA (BRGA 
Output 
or Timer 
A Termination 
Pulse). 
1- 
OUTO (general purpose output, controlled 
by 
MODEM CONTROL). 
RRF-RI/SClK 
Function 


0- 
SClK 
(Receive and/or 
Transmit Clock) 
1-RI 
DTF-DTR/TB 
Function 


0- 
TB (BRGB Output Clock on Timer B termina- 
tion 
pulse 
depending 
upon 
the 
mode 
of 
BRGB). 
1-DTR 
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INTERRUPT 1STATUS REGISTERS 


82510 


The 82510 uses a two layer approach to handle in- 
terrupt and status generation. Device level registers 
show the status of the major 82510 functional block 
(MODEM, FIFO, Tx MACHINE, Rx MACHINE, TIM- 
ERS, etc.). Each block may be examined by reading 
its individual block level registers. Also each block 
has interrupt enable/generation 
logic which may 
generate a request to the built-in interrupt controller, 
the interrupt requests are then resolved on a priority 
basis. 


16_ GER-GENERAL 
ENABLE REGISTER 


Interrupt Masking 


The 82510 has a device enable register, GER, which 
can be used to enable or mask-out any block inter- 
rupt request. Some of the blocks (Rx Machine, Mo- 
dem, Timer) have an enable register associated with 
their status register which can be used to mask out 
the individual sources within the block. Interrupts are 
enabled when programmed high. 


~ 


RESERVED [ 
RrlE - 
Rx rlFO 
INTERRUPT 
ENABLE 


TrlE - 
nro 
INTERRUPT 
ENABLE 


TIt.4ERS INTERRUPT 
ENABLE - TIE 
RxlE - 
Rx INTERRUPT 
ENABLE 


Tx INTERRUPT 
ENABLE - TxlE 
t.4IE- 
t.40DEt.4 INTERRUPT 
ENABLE 
290116-24 
GER-General 
Enable Register 


This register enables or disables the bits of the GSR 
register from being reflected in the GIR register. It 
serves as the device enable register and is used to 
mask the interrupt requests from any of the 82510 
block (See Figure 1). 


TIE-Timers 
Interrupt Enable 


TxIE- Transmit Machine Interrupt Enable. 


17. RIE-RECEIVE 
INTERRUPT ENABLE REGISTER 


MIE-Modem 
Interrupt Enable. 


RxIE-Rx 
Machine Interrupt Enable. 


TFIE- Transmit FIFO Interrupt Enable. 


RFIE-Receive 
FIFO Interrupt Enable. 


r- 
. 
" , 


~ 


6543210 


CONTROL/ADDRESS 
RECOGNITION 
RESERVED 


CONTROL/ADDRESS 
t.4ATCH 
OVERRUN 
ERROR 


BREAK 
TERt.4INATED 
PARITY 
ERROR 


BREAK 
DETECTED 
rRAt.4ING 
ERROR 


RIE-Recelve 
Interrupt Enable Register 
290116-25 


This register enables interrupts from the Rx Ma- 
chine. It is used to mask out interrupt requests gen- 
erated by the status bits of the RST register. 


CRE-Control/uLAN 
Address Character Recog- 
nition 
Interrupt 
Enable.-Enables 
Interrupt when 
CRF bit of RST register is set. 


PCRE-Programmable 
Control/Address 
Charac- 
ter Match Interrupt 
Enable.-Enables 
Interrupt on 
PCRF 
bit of RST. 


BkTe-Break 
Termination 
Interrupt Enable. 


BkDE-Break 
Detection 
Interrupt 
Enable- 


Enable Interrupt on BkD bit of RST. 


FEE-framing 
Error Enable-Enable 
Interrupt on 
FE bit of RST. 


PEE-Parlty 
Error Enable-Enable 
Interrupt on PE 
bit of RST. 


OEE-overrun 
Error Enable-Enable 
Interrupt on 
OE bit of RST. 
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18. TMIE- TIMER INTERRUPTENABLEREGISTER 
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TMIE- Tlmersllnterrupt EnableRegister 


290116-26 
~ 


TAlE 


TBIE 
RESERVED[ 
} 
RESERVED 


This is the enable 
register 
for the Timer 
Block. 
It is 
used to mask 
out interrupt 
requests 
generated 
by 
the status bits of the TMST register. 


19. MIE-MODEM INTERRUPTENABLEREGISTER 


TBIE- Timer 
B 
Expired 
Interrupt 
Enable- 


Enables 
Interrupt 
on TB Ex bit of TMST. 


TAlE-Timer 
A 
Expired 
Interrupt 
Enable-. 
Enables 
Interrupt 
on TAEx bit of TM5T. 


MIE-Modem InterruptEnableRegister 


290116-27 


This 
register 
enables 
interrupts 
from 
the 
Modem 
Block. 
It is used to mask out interrupt 
requests 
gen- 
erated 
by the status 
bits of the 
MODEM 
5T ATU5 
register. 


DCDE-Delta DCD Interrupt Enable-Enables 
In- 
terrupt 
on DDCD bit of MODEM 
STATU5. 


RIE-Delta RI Interrupt Enable-Enables 
Interrupt 
on DRI bit of MODEM 
STATUS. 


DSRE-Delta DSR Interrupt Enable-Enables 
In- 
terrupt 
on DSR bit of MODEM 
STATU5. 


CTSE-Delta 
CTS Interrupt Enable-Enables 
In- 
terrupt 
on DCT5 bits of MODEM 
5T ATU5. 


STATUS/INTERRUPT 


The 82510 
has two 
device 
status 
registers, 
which 
reflect the overall status of the device, and five block 
status 
registers. 
The 
two 
device 
status 
registers, 
GSR and GIR, and supplementary 
in function. 
G5R 
reflects 
the 
interrupt 
status 
of all blocks, 
whereas 
GIR depicts 
the highest priority interrupt 
only. GIR is 
updated 
after the GSR register; 
the delay is of ap- 
proximately 
two clock cycles. 
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jm- mfsKs-OUt 
Interrupts 
trom 
GIR; 
it does 
not 


have any effect 
on the bits in GSR. The only way 
that 
the 
bits can be masked 
out in GSR 
(i.e., not 
appear in GSR) is if they are masked out at the lower 
level. 


TIR- Timers Interrupt Request-This 
bit indicates 
that one of the timers 
has expired. 
(See TMST) 


TxJR- Transmit Machine Interrupt Request- 
Indicates 
that the Transmit 
Machine 
is either empty 
or disabled 
(Idle). 


RxlR-Receive 
Machine Interrupt Request-(As 


reflected 
in RST.) 


TFIR-Transmit 
FIFO 
Interrupt 
Request-Tx 


FIFO occupancy 
is below or equal to threshold. 


RFIR-Receive FIFO Interrupt Request-Rx FIFO 
Occupancy 
is above threshold. 


21. GIR/BANK-GENERAL INTERRUPTREGISTER/BANKREGISTER 


~ 


"""re 
'" -'"''''"'' ""'"' 


BANK 1 
BIOlACTIVE 
BANKO 
Bll 
BLOCK 
RESERVED 
BI2 
INTERRUPT 


General 
Interrupt 
Register/BankRegister 


290116-29 


This register holds the highest priority enabled pend- 
ing interrupt 
from GSR. In addition 
it holds a pointer 
to the current register 
segment. 
Writing into this reg- 
ister will update only the BANK bits. 


BANK1, BAN KO-Bank 
Pointer Bits-These 
two 
bits point to the currently 
accessible 
register 
bank. 
The user can read and write to these 
bits. The ad- 
dress 
of this 
register 
is always 
two 
within 
all four 
register 
banks. 


B12,B11,BIO,-Interrupt Bits 0-2-These 
three 
bits reflect the highest priority enabled 
pending inter- 
rupt from GSR. 


101: Timer 
Interrupt 
(highest 
priority) 


100: Tx Machine 
Interrupt 


011: Rx Machine 
Interrupt 


010: Rx FIFO Interrupt 
001: Tx FIFO Interrupt 
000: Modem 
Interrupt 
(lowest 
priority) 


IPN-Interrupt 
Pending-This 
bit is active 
low. 
It 


indicates 
that there 
is an interrupt 
pending. 
The in- 
terrupt 
logic asserts 
the INT pin as soon as this bit 


goes active. 
(Note: the GIR register 
is continuously 


updated; 
so that, while the user is serving one inter- 
rupt source, 
a new interrupt 
with higher priority 
may 
enter GIR and replace 
the older interrupt.) 
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RST register 
(BITS 1-7) and LSR register (ljll::' 1- 
4) are cleared. 
This register 
is provided 
for compati- 
bility with the INS8250A. 


TxSt- 
Transmit 
Machine 
Status 
Bit-Same 
as 
TxlR bit of GSR register. 
If high it indicates 
that the 
Transmit 
Machine 
is in Idle State. 
(Note: 
Idle may 
indicate 
that the TxM is either empty or disabled. 


TFSt- 
Transmit 
FIFO Status-Same 
as TFIR bit of 
GSR. 
It indicates 
that 
the 
Transmit 
FIFO 
level 
is 
equal 
to 
or 
below 
the 
Transmit 
FIFO 
Threshold. 


There 
are two 
ways 
to disable 
the transmit 
FIFO 
status from being reflected 
in GIR: 


1. Writing a "0" 
to the TFIE bit of the GER register 


2. Dynamically 
by using 
the 
Tx FIFO 
HOLD 
IN- 


. TERRUPT 
logic. 
When 
the Tx FIFO 
is in the 
Hold State, no interrupts 
are generated 
regard- 
less of the TFIR and TFIE bits. 


The Transmit 
FIFO enters 
the Hold State when the 
CPU reads the GIR register 
and the source 
of the 
interrupt 
is Tx FIFO. To Exit, the CPU must drop the 


ttKa-ort:'ClI\ 
uc:u:::"u:n.•-~vv 
•...• 
".•...• 
u"" ••••• 
_. 
" .•..~._._. 


for full explanation. 
The BkD bit in RST register 
is 
the same as this bit. 


FE-Framing 
Error 
Detected-See 
FE bit in RST 
register for a full explanation. 
The FE bit in RST reg- 
ister is the same as this bit. 


PE-Parity 
Error 
Detected-See 
PE bit 
in RST 


register for full explanation. 
The PE bit in.RST regis- 


ter is the same as this bit. 
. 


OE-Qverrun 
Error-See 
OE bit in RST register for 
full explanation. 
The OE bit in RST register 
is the 
same as this bit. 


RFIR-Receive 
FIFO 
Interrupt 
Request-This 
bit 
is identical 
to RFIR bit of GSR. It indicates 
that the 
RX FIFO level is above the Rx FIFO Threshold. 
This 
bit is forced 
LOW 
during 
any 
READ 
from 
the 
Rx 
FIFO. A zero written 
to this bit will acknowledge 
an 
Rx FIFO interrupt. 
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23. RST-RECEIVE 
MACHINE STATUS REGISTER 
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RST-Receive 
Machine Status Register 


290116-31 
~ 


ADDRESS/CONTROL 
CHAR. 
RCVD. 
Rx FIFO INT. 


ADDRESS/CONTROL 
CHAR. 
MATCH 
OVERRUN 
ERROR 


BREAK 
TERMINATED 
PARITY 
ERROR 


BREAK 
DETECTED 
FRAMING 
ERROR 


This register displays the status of the Receive Ma- 
chine. It reports events that have occurred since the 
RST was cleared. This register is cleared when it is 
read except for BITO,Rx FIFO interrupt. Each bit in 
this register, when set, can cause an interrupt. Five 
bits of this register are shared with the LSR register. 


CRF-Controll 
Address 
Character 
Received- 


When enabled, this bit can cause an interrupt if a 
control character or address character is received. 


In uLAN Mode: indicates that an address charac- 
ter has been received. 
In normal Mode: indicates that a standard control 
character (either ASCII or EBCDIC) has been re- 
ceived. 


PCRF-Programmed 
Control IAddress Character 
Received-This 
bit, when enabled, will cause an in- 
terrupt when an address or control character match 
occurs. 


In uLAN Mode: indicates that an address charac- 
ter equal to one of the registers ACROor ACR1 
has been received. 


In normal Mode: indicates that a character which 
matches the registers ACRO or ACR1 has been 
received. 


BkT-Break 
Terminated-This 
bit indicates that a 
break condition has been terminated. 


BkD-Break 
Detected-This 
bit indicates that a 
Break Condition has been detected, Le., RxD input 
was held low for one character frame plus a stop 
BIT. 


FE-Framing 
Error-This 
bit indicates that a re- 
ceived character did not have a valid stop bit. 


PE-Parity 
Error-Indicates 
that a received charac- 
ter had a parity error. 


OE-overrun 
Error-Indicates 
that 
a 
received 
character was lost because the Rx FIFO was full. 


RFIR-Recelve 
FIFO Interrupt 
Request-8ame 
as the RFIR bit of LSR register. 
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24. RXF-RECEIVED 
CHARACTER FLAGS 


82510 


~ 


RESERVED 
RND- 
Rx CHAR 
NINTH 
DATA 
BIT 


Rx CHARACTER 
OK - 
ROK 
RFE - 
Rx CHAR 
FRAt.4ING ERROR 


Rx NOISY - 
RxN 
BREAK 
FLAG 


Rx CHAR 
PARITY 
ERROR - 
RP[ 
ACR - ADDRESS/CONTROL 
CHAR 
FLAG 
290116-32 
RxF-Recelve 
Flags Register 


This register contains additional information about 
the character in the RXD register. It is loaded by the 
Rx Machine simultaneously with the RXD register. 


ROK-Recelved 
Character OK-This 
bit indicates 
that the character in RXD no parity or framing error. 
The parity error is not included in the s/w parity 
mode. 


RxN-Recelved 
Character 
Noisy-The 
character 
in RXD was noisy. This bit, valid only in 16X sam- 
pling mode, indicates that the received character 
had non-identical samples for at least one of its bits. 


RPE-Recelve 
Character Parity Error-This 
bit in- 
dicates that the RxD character had a Parity Error. 
However, in S/W Parity mode it holds the received 
parity bit as is. 


ACR-Address/Control 
Character 
Marker-This 
bit indicates that the character in RXD is either: 


25. FLR-fIFO 
LEVEL REGISTER 
" 


A control Character-in 
normal Mode. 
An Address Character in uLAN Mode. 


RFE-Recelve 
Character 
Framing 
Error- 
2 


Indicates that no Stop bit was found for the charac- 
ter in RXD. 


NOTE: 
A Framing Error will be generated for the first char- 
acter of the Break sequence. 


RND-Nlnth 
Bit 
of 
Received 
Character-The 
most significant bit of the character in RXD is written 
into this bit. This bit is zero for characters with less 
than nine bits. 


BKF-Break 
Flag-Indicates 
that the character is 
part of a "break" sequence. 


FLR-fIFO 
Level Register 


2901'16-33 
~ 


RESERVED 
TrLO 
Tx FIFO 


Rx FIFO [RFL2 
TrL 1] 
OCCUPANCY 


OCCUPANCY 
RFL 1 
TrL2 
LEVEL 


LEVEL 
RrLO 
RESERVED 


This register holds the current Receive and Transmit 
FIFO occupancy levels. 


RFL2, RFL1, RFLo-Recelve 
FIFO Level of Occu- 
pancy- 
These three bits indicate the level of Occu- 


pancy of the Rx FIFO. The valid range is zero (000) 
to four (100). 


TFL2, TFL1, TFLG- Transmit FIFO Level of Occu- 
pancy- 
These three bits indicate the level of occu- 
pancy in the transmit FIFO. The valid range is zero 
(000) to four (100). 
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GBs-Gate 
B State-This 
bit does not generate an 
interrupt. It indicates the counting state of thj:l soft- 
ware gate of Timer B, as written through the TMCR 
register. 
. 


~ounting 
disabled 
1-counting 
enabled 


27. MSR-MODEMII/O 
PINS REGISTER 


1-counting 
enabled 


TBEx- Timer B Expired-When 
Set generates an 
interrupt through TIR bit of GSR. Indicates that Tim- 
er B count has expired. This bit is set via the terminal 
count pulse generated by the timer when it termi- 
nates counting. 


TAEx- Timer A Expired-Same 
as TBEx except it 
refers to Timer A. 


290116-35 
~ 


6543210 


COt.lPLEt.lENT 
0Cii 
STATE CHANGE CTS 


COt.lPLEt.lENT 
Ri 
STATE CHA~GE 
DSR 


COt.lPLEt.lENT 
DSR 
- 
- 
(H --> L) RI 


COt.lPLEt.lENT 
CTS 
STATE CHANGE DCD 


, MSR-Modemll/O 
Pins Status Register 


This register holds the status of the Modem input 
pins (CTS, DCD, DSR, RI). It is the source of inter- 
rupts (MSR 0-3) for the MlR bit of GSR. If any of the 
above inputs change levels the appropriate bit in 
MODEM STATUS is set. Reading MODEM STATUS 
will clear the status bits. 


DCDe-DCD 
Complement-Holds 
the 
comple- 
ment of the DCD input pin if programmed as an input 
in PMD. 


DRIe-Holds 
the complement of the RI input pin if 
programmed as an input in PMD. 


DSRe-DSR 
Complement-Holds 
the complement 
of the DSR input pin if configured as an input in 
PMD. 


CTSC-CTS 
Complement-Holds 
the complement 
of the CTS pin. 


DDCD-Delta 
DCD-Indicates 
that the DCD input 
pin has changed state since this register was last 
read. 


DRI-Delta 
RI-Indicates 
that there was a high-to- 


low transition on the RI input pin since the register 
was last read. 


DDSR-Delta 
DSR-Indicates 
that the DSR input 
pin has changed state since this register was last 
read. 


DCTS-Delta 
CTS-Indicates 
that the CTS input 
pin has changed state since this register was last 
read. 


COMMAND 
REGISTERS 


The command registers are write only; they are used 
to trigger an operation by the device. Once the oper- 
ation is started the register is automatically reset. 
There is a device level register as well as four block 
command registers. It is recommended that only one 
command be issued during a write cycle. 
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:-a. r 
device reset; the effect is identical to me narawanr.,~n 
reset (except for strapping options). The reset lasts 
Stc-status 
Clear-Clears 
the following status reg- • 
four clocks and puts the device into the Default 
isters: RST, MSR, and TMST. 
Wake-up Mode. 


INTA-Interrupt 
Acknowledge-This 
command is 
an explicit acknowledgement of the 82510's inter- 
rupt request. It forces the INT pin inactive for two 


29. TCM- TRANSMIT COMMAND REGISTER 


PDM-Power 
Down-This 
command forces the de- 
vice into the power-down mode. Refer to the func- 
tional description for details. 


TCM- Transmit Command Register 


290116-37 
~ 


TxDI- 
Tx DISABLE 


TxEn - Tx ENABLE 
RESERVED 
FTf - 
fLUSH 
Tx flfO 
[ ~ 
~ 
mH,-"''',.,,",", 


This register controls the operation of the Transmit 
Machine. 


FTM-Flush 
Transmit 
Machine-Resets 
the 
Transmit Machine logic (but not the registers or 
FIFO) and enables transmission. 


FTF-Flush 
Transmit FIFO-Clears 
the Tx FIFO. 


TxEN- Transmit 
Enable-Enables 
Transmission 
by the Transmit Machine. 


TxDi- Transmit Disable-Disables 
transmission. If 
transmission is occurring when this command is is- 
sued the Tx Machine will complete transmission of 
the current character before disabling transmission. 
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30. RCM-RECEIVE 
COMMAND REGISTER 


82510 


~ 


RECEIVE ENABLE - RxE 
} RESERVED 
. 


Rx DISABLE - RxDI 


FLUSH Rx t.AACHINE- FRt.A 
ORF - OPEN Rx FIFO 


FLUSH Rx FIFO - FRF 
LRF - LOCK Rx FIFO 
290116-38 
RCM-Receive 
Command Register 


This register controls the operation of the Rx ma- 
chine. 


RxE-Receive 
Enable-Enables 
the reception of 
characters. 


RxDi-Receive 
Disable-Disables 
reception 
of 
data on R);<Dpin. 


FRM-Flush 
Receive 
Machine-Resets 
the 
Rx 
Machine logic (but not registers and FIFOs), enables 
reception, and unlocks the receive FIFO. 


31. TMCR-TIMER 
CONTROL REGISTER 


FRF-Flush 
Receive FIFO-Clears 
the Rx FIFO. 


LRF-Locks 
Rx FIFa-Disables 
the write mecha- 
nism of the Rx FIFO so that characters subsequently 
received are not written to the Rx FIFO but are lost. 
However, reception is not disabled and complete 
status/ event reporting continues. (This command 
may be used in the uLAN mode to disable loading of 
characters into·the Rx FIFO until an address match 
is detected.) 


ORF-open 
(Unlock) Rx FIFa-This 
command en- 
ables or unlocks the write mechanism of the Rx 
FIFO. 


'" 
TMCR- Timer Control Register 


290116-39 
~ 


[ 
""-"'" 
no" , 
RESERVED 
STB - START Tlt.AER B 


Tlt.AERGATE B - TGB 
} 
RESERVED 
Tlt.AERGAlEA 
- TGA 


This register controls the operation of the two 82510 
timers. It has no effect when the timers are config- 
ured as baud-rate 
generators. TGA and TGB are 
not reset after command execution. 


TGB- Timer-B Gate-This 
bit serves as a gate for 
Timer B operation: 


1-enables 
counting 
O-disables counting 


TGA- Tlmer-A Gate-This 
bit serves as a gate for 
Timer-A operation: 


I 


1-enables 
counting 
O-disables counting 


STB-Start 
Timer B- This command triggers timer 
B. At terminal count a status bit is set in TMST 
(TBEx). 


STA-5tart 
Timer A-This 
command triggers timer 
A. At terminal count a status bit is set in TMST 
(TAEx). 
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32. MCR-MODEM 
CONTROL REGISTER 


82510 


~ 


[ 


~-~OO~~M 
RESERVED 
_ 
RTS- RTS OUTPUT 


OUTO OUTPUT BIT- OUTO 
oun - oun 
OUTPUT BIT 


LOOPBACK CONTROL - LC 
OUT2 - OUT2 OUTPUT BIT 


MCR-Modem 
Control Register 


290116-40 


This register controls the modem output pins. With 
multi-function 
pins it affects only the pins config- 
ured as general purpose output pins. All the output 
pins invert the data, i.e. their output will be the com- 
plement of the data written into this register. 


OUTG-OUTO 
Output Bit-This 
bit controls the 
OUTO pin. The output signal is the complement of 
this bit. 


LCB Loopback Control Bit-This 
bit puts the 
82510 into loopback mode. The particular type of 
loopback is selected via the IMD register. 


OUT2-oUT2 
Output Bit-This 
bit controls the 
OUT2 pin. The output signal is the complement of 
this bit. 


33. TXD-TRANSMIT 
DATA REGISTER 


OUT1-oUT1 
Output Bit-This 
bit controls the 
OUT1 pin. The output signal is the complement of 
this bit. 


RTS-RTS 
Output Bit-This 
bit controls the RTS 
pin. The output signal is the complement of this bit. 


DTR-DTR 
Output Bit-This 
bit controls the DTR 
pin. The output signal is the complement of this bit. 


DATA REGISTERS 


The data registers hold data or other information 
and may be accessed at any time. 


TXD- Transmit Data Register 


290116-53 


This register holds the next data byte to be pushed 
into the Transmit FIFO. For character formats with 
more than eight bits of data, or with additional com- 
ponents (S/W Parity, Address Marker Bit) the addi- 
tional data bits should be written into the TxF regis- 


ter. When a byte is written to this register its con- 
tents, along with the contents of the TxF register, 
are pushed to the top of the Transmit FIFO. This 
register is write only. 
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,ill'1t~r,,,,.. 
'1<111""III Uiilii 
rt:lgl:;ler wnenever me 
TxO register is written to by the CPU. 


uLAN-uLAN 
Address 
Marker 
Bit-This 
bit is 
transmitted in uLAN mode as the address marker 
bit. 


35. RXD-RECEIVE 
DATA REGISTER 


D8-Nlnth 
Bit of Data-In 
nine-bit character length 
mode this bit is transmitted as the MSB (08) bit. 


RXD-Recelve 
Data Register 


290116-54 


This register holds the earliest received character in 
the Rx FIFO. The character is right justified and 
leading bits are zeroed. This register is loaded by the 


Rx Machine with the first received character. Read- 
ing the register causes the next register from the Rx 
FIFO to be loaded into RxO and RxF registers. 
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Vll 
Input Low Voltage 
(1) 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(1) 
2.0 
VCc-0.5 
V 


VOl 
Output Low Voltage 
(2), (9) 
0.45 
V 


VOH 
Output High Voltage 
(3), (9) 
2.4 
V 


III 
Input Leakage Current 
(4) 
±10 
/LA 


ILO 
3-State Leakage Current 
(5) 
±10 
/LA 


Ice 
Power Supply Current 
(6) 
3.8 
mAlMHz 


Ipd 
Power Down Supply 
(7) 
2 
mA 


ISTBY 
Standby Supply Current 
(10) 
500 
/LA 


IOHR 
RTS, DTR Strapping 
Current 
(11 ) 
0.4 
mA 


IOlR 
RTS, DTR Strapping 
Current 
(12) 
11 
mA 


Cin 
Input Capacitance 
(8) 
10 
pF 


Cio 
I/O Capacitance 
(8) 
10 
pF 


CXTAl 
X1, X2 Load 
10 
pF 


NOTES: 
1. Does not apply to ClK/X1 
pin, when configured as crystal oscillator input (X1). 


2. @ IOL = 2 mA. 
3. @ IOH = -0.4 
mA. 


4. 0 < VIN < vcc. 
5.0.45V < VOUT< (Vee - 
0.45). 


6. vo: = 5.5V; VIL = 0.5V (max); VIH = vcc - 0.5V (min); 35 mA (max); Typical value = 2.5 mAlMHz (Not Tested); Ext 
1X ClK (9 MHz max); IOL = IOH = O. 
7. vcc = 5.5V; VIL = GND; VIH = vcc: IOL = IOH = 0; device at power down mode, clock running. 
8. Freq = 1 MHz. 
9. Does not apply to OUT2/X2 
pin, when configured as crystal oscillator output (X2). 
10. Same as 7, but input clock not running. 
11. Applies only during hardware reset for clock configuration options. Strapping current for logic HIGH. 
12. Applies only during hardware reset for clock configuration. Strapping current for logic lOW. 
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SYSTEM 
CLOCK SPECIFICATIONS 
. A.C. SPECIFICATIONS 


Testing Conditions: 


• All AC output parameters are under output load 
of 20 to 100 pF, unless otherwise specified. 


• AC testing inputs are driven at 2.4 for logic '1', 
and 0.45V for logic '0'. Output timing measure- 
ments are made at 1.5V for both a logical '0' 
and '1'. 


• In the following tables, the units are ns, unless 
otherwise specified. 


System Interface Specification-System 
Clock 
Specification: 


The 82510 system clock is supplied via the ClK pin 
or generated by an on-chip crystal oscillator. The 
clock is optionally divided by two. The ClK parame- 
ters are given separately for internal divide-by-two 
option ACTIVE and INACTIVE. 


The system clock (after division by two, if active) 
must be at least 16X the Tx or Rx baud rate (the 
faster of the two). 


RESET SPECIFICATION 


Symbol 
Parameter 
Mln 
Max 
Notes 


DIVIDE 
BY TWO OPTION-ACTIVE 


Tcy/2 
ClK Period 
54 
250 
(2) 


TClCH 
ClK low Time\ 
25 


TCHCl 
ClK High Time 
25 


TCH1CH2 
ClK Rise Time 
10 
(1) 


TCl2Cl1 
ClK Fall Time 
10 
(1) 


FXTAl 
External Crystal 
4.0 
18.432 
Frequency Rating 
MHz 


DIVIDE 
BY TWO OPTION-INACTIVE 


Tcy 
ClKPeriod 
108 


TClCH 
ClK lowTme 
54 


TCHCl 
ClK High Time 
44 
250 ' 


TCH1CH2 
ClK Rise Time 
15 
(1) 


TCL2Cl1 
ClK·Fall Time 
15 
(1) 


NOTES: 
1. Rise/fall times are measured between 0.8 and 2.0V. 
2. Tcy in ACTIVE divide by two option is TWICE the input 
clock period. 


Symbol 
Parameter 
Min 
Max 
Notes 


TRSHl 
Reset Width-ClK/X1 
Configured to ClK 
8Tcy 
(1) 


TTlRSl 
RTS/OTR lOW Setup to Reset Inactive 
6Tcy 
(2) 


TRSlTX 
RTS/OTR low Hold after Reset Inactive 
0 
Tcy - 20 
(2) 


RESET 
/ 
1= 
--------~ 
----------- 
______________ 
i=TILRSL 
TRSLTXl 


DTR/RTS ---------------------- 
290116-43 


NOTES: 
1. In case of ClK/X1 
configured as X1, 1 Ms is required to guarantee crystal oscillator wake-up. 


2. RTS/DTR are internally driven HIGH during RESET active time. The pin should be either left OPEN or externally driven 
lOW during RESET according to the required configuration of the system clock. These parameters specify the timing re- 
quirements on these pins, in case they are externally driven lOW during RESET. 
The maximum spec on TRSl TX requires that the RTS/DTR pins not be forced later than TRSl TX maximum. 
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READ CYCLE SPECIFICATIONS 


Symbol 
Parameter 
Mln 
Max 
Notes 


TALAH 
AD Active Width 
2Tcy + 65 


TAVAL 
Address/CS 
Setup Time to AD Active 
7 
, 


TAHAX 
Address/CS 
Hold Time after AD Inactive 
0 


TALDV 
Data Out Valid Delay after AD Active 
2Tcy + 65 


TCIAD 
Command 
Inactive to Active Delay 
Tcy + 15 
(1) 


TAHDZ 
Data Out Float Delay after AD Inactive 
40 


HOTE: 
1. Command refers to either Read or Write signals. 


A2-0 cs 
VALID 


·D7-0--------7----(~~~~------~----~~-------------------- 
290116-44 


WRITE 
CYCLE SPECIFICATION 


Symbol 
Parameter 
Min 
Max 
Notes 


TWLWH 
WA Active Width 
2Tcy + 15 


TAVWL 
Address 
CS Setup Time to WA Active 
7 


TWHAX 
Address 
and CS Hold Time after WA 
0 


TDVWH 
Data in Setup Time to WA Inactive 
90 


TWHDX 
Data in Hold Time after WA Inactive 
12 
- 


A2-0 cs 


- 


I--TWlWH 
...• I-- 
TCIAD ....• 


TAVWl I- 
..•TWHAX 1-_ 


VALID 
}{ 
VALID 
", 


TDVWH 
TWHDX 


VALID 


f-TCIAD~ 
" 


07-0 


290116-45 


NOTE: 
Many of the serial interface pins have more than one function; sometimes the different functions have different timings. In 
such a case, the timing of each function of a pin is given separately. 
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~ymbol 
Parameter 
Min 
Max 
Notes 


Txcy 
SCLK Period 
3500 


TXLXH 
SCLK Low Time 
1650 


TXHXL 
SCLK High Time 
1650 


TXH1XH2 
SCLK Rise Time 
15 
(1) 


TXL2XL1 
SCLK Fall Time 
15 
(1) 


NOTE: 
1. Rise/fall 
times are measured 
between 
O.BV and 2.OV. 


RXD SPECIFICATION 
(1x MODE) 


Symbol 
Parameter 
Min 
Max 
Notes 


TRPW 
RXD Setup Time to SCLK High 
250 


TRPD 
RXD Hold Time After SCLK High 
250 
. 


SCLK 
\ l"J 
\ 
I 


TRPO 
* 


RXO 


290116-46 


Parameter 


TXD Valid Delay after SCLK Low 


REMOTE 
LOOPBACK 
SPECIFICATION 


Symbol 
Parameter 


TRXDTXD 
TXD Delay after RXD 
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CHAR 2 
CHAR 3 
CHAR 
~ 
CHAR 
5 
CHAR 
1 


(PROG. 
CC) 
BREAK 


DO0102D3D4P 
RXD pin 


Ri5 pin 


RST (7-0) 
OOH 


FLR (6-~) 
"::"' 
'-- __ 
';"" __ 
"""_--='---\..A..""'r-- 
__ 
""::"' 
--;'.A..+.L;;,&,:,A...:.-'-=....J1..:.. 


INT 
~ 
__ 
~~--------~~~~----~ 
BREAK 
DETECTED 
INTERRUPT 
290116-55 


. Receive 
Logic Diagram 


INT=GSR 
(1) 


GSR (~) 


TXD 
....:;S1RDO 
D2 
D4 
De 
STR00 
02 
D4 
De 
STR00 
02 
D4 
De 
STRDO 
02 
D4 
De 
SlR 00 
02 
D4 
De 


0' 
DJ 
O' SlP!WU:;+-~~~-! 
i"...•••"':0;::' 
•.•• ::;03!"-'';:OO'!-!,SlP 
01 
DJ 
D5 
STP 
01 
03 
os 
STP 


CHAR 
1 
CHAR 
2 
CHAR 
3 
CHAR 
5 
290116-56 


Transmit 
Logic Diagram 
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8273 
PROGRAMMABLE 
HOLC/SOLC 
PROTOCOL CONTROLLER 
• CCITT X.25 Compatible 
• Programmable NRZI Encode/Decode 
• HDLC/SDLC Compatible 
• Two Programmable Modem 'Control 
• Full Duplex, Half Duplex, or Loop SDLC 
Ports 


Operation 
• Digital Phase Locked Loop Clock 
• Up to 64K Baud Synchronous 
Transfers 
Recovery 
• Automatic 
FCS (CRC) Generation and 
• Minimum CPU Overhead 


Checking 
• Fully Compatible with 8048/8080/ 
• Up to 9.6K Baud with On-Board Phase 
8085/8088/8086/80188/80186CPUs 


Locked Loop 
• Single + 5V Supply 


The Intel 8273 Programmable 
HOLC/SOLC 
Protocol 
Controller 
is a dedicated 
device designed 
to support 
the 
ISO/CCITT's 
HOLC and IBM's SOLC communication 
line protocols. 
It is fully compatible 
with Intel's 
new high 
performance 
microcomputer 
systems such as the MCS 188/186TM. 
A frame level command 
set is achieved 
by 
a unique microprogrammed 
dual processor 
chip architecture. 
The processing 
capability 
supported 
by the 8273 
relieves 
the system 
CPU of the low level real- time tasks normally 
associated 
with controllers. 


REGISTERS 


TIIIHT 
RESULT 
COMMAND 


RICINT RESULT 
PARAMETER 


TEST MOOE 
STATUS 


RESULT 


FLAG1iET 
vcc 


TolNT 
PlO 


ClK 
PIll 


RESET 
••• 
TXOAcK 
1'1\ 


TxORQ 
m 


~ 
PA. 


RxORQ 
i'A, 


AD 
PA2 


WR 
Cl) 


Rx INT 
rn 


DBO 
ToO 


DBl 
roc 


082 
RoC 


DB3 
RoD 


DU 
320ClK 


DB5 
cs 


DB6 
DPll 


DB7 
A, 


GND 
Ao 


DATA 
BUS 
BUFFER 
T.O 
r;c 


hORD 
, 


hOACK 
------, 


RItORQ 
__ 
----, 


~DACK 


DPLL 
IDCiJ( 
FiTs 
PB,-c 


CTS 
co 


Pi,2_4 


TxlNT 


R_INl 


AD 


WR 


A, 


RESET 
R.O 


R.C 
210479-2 


Figure 2. Configuration 
cs 
ClK 
-----' 
L-. __ 
FLAG OH 


CPU INTERFACE 


210479-1 
Figure 1. Block Diagram 
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A BRIEF DESCRIPTION 
OF 
HOLC/SOLC 
PROTOCOLS 


General 


The High Level Oata Link Control (HOLC) is a stan- 
dard communication link protocol established by In- 
ternational Standards Organization (ISO). HOLC is 
the discipline used to implement ISO X.25 
packet 
switching systems. 


The Synchronous Oata Link Control (SOLC) is an 
IBM communication link protocol used to implement 
the System Network Architecture (SNA). Both the 
protocols are bit oriented, code independent, and 
ideal for full duplex communication. Some common 
applications include terminal to terminal, terminal to 
CPU, CPU to CPU, satellite communication, packet 
switching and other high speed data links. In sys- 
tems which require expensive cabling and intercon- 
nect hardware, any of the two protocols could" be 
used to simplify interfacing (by going serial), thereby 
reducing interconnect hardware costs. Since both 
the protocols are speed independent, reducing inter- 
connect hardware could become an important appli- 
cation. 


Network 


In both the HOLC and SOLC line protocols, accord- 
ing to a pre-assigned hierarchy, a PRIMARY (Con- 
trol) STATION controls the overall network (data 
link) and issues commands to the SECONOARY 
(Slave) STATIONS. The latter comply with instruc- 
tions and respond by sending appropriate RE- 
SPONSES. Whenever a transmitting station must 
end transmission prematurely it sends an ABORT. 
character. Upon detecting an abort character, a re- 
ceiving station ignores the transmission block called 
a FRAME. Time fill between frames can be accom- 
plished by transmitting either continuous frame pre- 
ambles called FLAGS or an abort character. A time 
fill within a frame is not permitted. Whenever a sta- 
tion receives a string of more than fifteen consecu- 
tive ones, the station goes into an IOLE state. 


Frames 


A single communication element is called a FRAME 
which can be used for both Link Control and data 
transfer purposes. The elements of a frame are the 


beginning eight bit FLAG (F) consisting of one zero, 
six ones, and a zero, an eight bit AOORESS FIELO 
(A), an eight bit CONTROL FIELO (C), a variable 
(N-bit) INFORMATION FIELO (I), a sixteen bit 
FRAME CHECK SEQUENCE (FCS),and an eight bit 
end FLAG (F), having the same bit pattern as the 
beginning flag. In HOLCthe Address (A) and Control 
(C) bytes are extendable. The HOLC and the SOLC 
use three types of frames; an Information Frame is 
used to transfer data, a Supervisory Frame is used 
for control purposes, and a Non-sequenced Frame 
is used for initialization and control of the secondary 
stations. 


Frame Characteristics 


An important characteristic of a frame is that is con- 2 
tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus; the user can 
adopt any format or code suitable for his system-it 
may even be a computer word length or a "memory 
dump". The frame is bit oriented that is, bits, not 
characters in each field, have specific meanings. 
The Frame Check Sequence (FCS) is an error de- 
tection scheme similar to the Cyclic Redundancy 
Checkword (CRC)widely used in magnetic disk stor- 
age devices. The Command and Response informa- 
tion frames contain sequence numbers in the control 
fields identifying the sent and received frames. The 
sequence numbers are used in Error Recovery Pro- 
cedures (ERP) and as implicit acknowledgement of 
frame communication, enhancing the true full-duplex 
nature of the HOLC/SOLC protocols. 


In contrast, BISYNC is basically half-duplex (two way 
alternate) because of necessity to transmit immedi- 
ate acknowledgement frames. HOLC/SOLe there- 
fore saves propagation delay times and have a po- 
tential of twice the throughput rate of BISYNC. 


It is possible to use HOLC or SOLC over half duplex 
lines but there is a corresponding loss in throughput 
because both are primarily designed for full-duplex 
communication. As in any synchronous system, the 
bit rate is determined by the clock bits supplied by 
the modem, protocols themselves are speed inde- 
pendent. 


A byproduct of the use of zero-bit insertion-deletion 
technique is the non-return-to-zero invert (NRZI) 
data transmission/reception compatibility. The latter 
allows HOLC/SOLC protocols to be used with asyn- 
chronous data communication hardware in which 
the clocks are derived from the NRZI encoded data. 
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FRAME CHECK 
SEQUENCE (FCS) 
CLOSING 
FLAG (F) 
OPENING 
FLAG (F) 
ADDRESS 
FIELD (A) 
INFORMATION 
FIELD (I) 
CONTROL 
FIELD (C) 


01111110 
8 BITS 
8 BITS 
VARIABLE 
LENGTH 
16 BITS 
01111110 
(ONLY IN I FRAMES) 


. 
,-.- 
210479-37 


Figure 3. Frame Format 


Table 1 Pin Description 


" 
. 


Symbol 
Pin 
Type 
Name and Function 
No. 


VCC 
40 
POWER SUPPL V: + 5V Supply. 


GND 
20 
GROUND: 
Ground. 


RESET 
4 
I 
RESET: A high signal on this pin will force the 8273 to an idle state. 
The 8273 will remain idle until a command 
is issued by the CPU. The 
modem interface 
output signals are forced high. Reset must be true for 
a minimum of 10 TCY. 


CS 
24 
I 
CHIP SELECT: The RD and WR inputs are enabled 
by the chip select 
input. 


DBo-DB7 
12-19 
1/0 
DATA BUS: The Data Bus lines are bidirectional 
three-state 
lines 
which interface 
with the system Data Bus. 


WR 
10 
I 
WRITE 
INPUT: The Write signal is used to control the transfer 
of either 
a command 
or data from CPU to the 8273. 


RD 
9 
I 
READ INPUT: The Read signal is used to control the transf,er of either 
a data byte or a status word from the 8273 to the CPU. 


TxlNT 
2 
'0 
TRANSMITTER 
INTERRUPT: 
The Transmitter 
interrupt 
signal 
indicates 
that the transmitter 
logic requires service. 


RxlNT 
11 
0 
RECEIVER 
INTERRUPT: 
The Receiver 
interrupt signal indicates 
that 
the Receiver 
logic requires service. 


TxDRQ, 
6 
0 
TRANSMITTER 
DATA REQUEST: 
Requests 
a transfer 
of data 
between 
memory and the 8273 for a transmit 
operation. 


RxRDQ 
8 
0 
RECEIVER 
DMA REQUEST: 
Requests 
a transfer 
of data between 
the 
8273 and memory for a receive operation. 
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Table 
1. Pin Description 
(Continued) 


Symbol 
Pin 
Type 
Name and Function 
No. 


TXDACK 
5 
1 
TRANSMITTER 
DMA ACKNOWLEDGE: 
The Transmitter 
DMA 
acknowledge 
signal notifies the 8273 that the TxDMA cycle has been 
granted. 


RxDACK 
7 
I 
RECEIVER 
DMA ACKNOWLEDGE: 
The Receiver 
DMA acknowledge 
signal notifies the 8273 that the RxDMA cycle has been granted. 


Ao-A1 
21-22 
I 
ADDRESS: 
These two lines are CPU Interface 
Register 
Select lines. 


TxD 
29 
0 
TRANSMITTER 
DATA: This line transmits 
the serial data to the 
communication 
channel. 


TxC 
28 
I 
TRANSMITTER 
CLOCK: 
The transmitter 
clock is used to synchronize 
the transmit 
data. 


RxD 
26 
I 
RECEIVER 
OAT A: This line receives 
serial data from the 
communication 
channel. 


RxC 
27 
I 
RECEIVER 
CLOCK: 
The Receiver Clock is used to synchronize 
the 
receive data. 


32XClK 
25 
I 
32X CLOCK: 
The 32X clock is used to provide clock recovery 
when an 
asynchronous 
modem is used. In loop configuration 
the loop station 
can run without an accurate 
1X clock by using the 32X ClK 
in 
conjunction 
with the DPll 
output. (This pin must be grounded 
when 
not used.) 


DPll 
23 
0 
DIGITAL 
PHASE LOCKED 
LOOP: Digital Phase locked 
loop 
output 
can be tied to RxC and/or 
TxC when 1X clock is not available. 
DPll 
is 
used with 32X ClK. 


FLAG DET 
1 
0 
FLAG DETECT: 
Flag Detect signals that a flag (01111110) 
has been 
received 
by an active receiver. 


RTS 
35 
0 
REQUEST 
TO SEND: Request to Send signals that the 8273 is ready 
to transmit 
data. 


CTS 
30 
I 
CLEAR TO SEND: Clear to Send signals that the modem is ready to 
accept data from the 8273. 


CD 
31 
I 
CARRIER 
DETECT: Carrier Detect signals that the line transmission 
has started and the 8273 may begin to sample data on RxD line. 


PA2-4 
32-34 
I 
GENERAL 
PURPOSE 
INPUT PORTS: The logic levels on these lines 
can be Read by the CPU through the Data Bus Buffer. 


PB1-4 
36-39 
0 
GENERAL 
PURPOSE OUTPUT 
PORTS: The CPU can write these 
output lines through 
Data Bus Buffer. 


ClK 
3 
I 
CLOCK: 
A square wave TIl 
clock. 
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FUNCTIONAL 
DESCRIPTION 
CPU Interface 


General 


The Intel 8273 HOLC/SOLC controller is a micro- 
computer peripheral device which supports the In- 
ternational Standards Organization (ISO) High Level 
Data Link Control (HOLC), and IBM Synchronous 
Data Link Control (SOLC) communications proto- 
cols. This controller minimizes CPU software by sup- 
porting a comprehensive frame-level instruction set 
and by hardware implementation of the low level 
tasks associated with frame assembly/disassembly 
and data integrity. The 8273 can be used in either 
synchronous or asynchronous applications. 


In asynchronous applications the data can be pro- 
grammed to be encoded/decoded 
in NRZI code. 
The clock is derived from the NRZI data using a digi- 
tal phase locked loop. The data transparency is 
achieved by using a zero-bit insertion/deletion tech- 
nique. The frames are automatically checked for er- 
rors during reception by verifying the Frame Check 
Sequence (FCS); the FCS is automatically generat- 
ed and appended before the final flag in transmit. 
The 
8273 
recognizes 
and 
can 
generate 
flags 
(01111110) Abort, Idle, and GA (EOP) characters. 


The 8273 can assume either a primary (control) or a 
secondary (slave) role. It can therefore be readily 
implemented in an SOLC loop configuration as typi- 
fied by the IBM 3650 Retail Store System by pro- 
gramming the 8273 into a one-bit delay mode. In 
such a configuration, a two wire pair can be effec- 
tively used for data transfer between controllers and 
loop stations. The digital phase locked loop output 
pin can be used by the loop station without the pres- 
ence of an accurate Tx clock. 


The CPU interface is optimized for the MCS-80/ 
85™ bus with an 8257 OMA controller. However, 
the interface is flexible, and allows either OMA or 
non-OMA data transfers, interrupt or non-interrupt 
driven. It further allows maximum line utilization by 
providing early interrupt mechanism for buffered 
(only the information field can be transferred to 
memory) Tx command overlapping. It also provides 
separate Rx and Tx interrupt output channels for ef- 
ficient operation. The 8273 keeps the interrupt re- 
quest active until all the associated interrupt results 
have been read. 


The CPU utilizes the CPU interface to specify com- 
mands and transfer data. It consists of seven regis- 
ters addressed via CIA, Al' Ao, RO and WR signals 
and two independent data registers for receive data 
and transmit data. Al' Ao are generally derived from 
two low order bits of the address bus. If an 8080 
based CPU is utilized, the RO and WR signals may 
be driven by the 8228 I/OR and I/OW. The table 
shows the seven register select decoding: 


A1 Ao TxDACK 
RxDACK 
CS RD WR 
Register 


0 
0 
1 
1 
0 
1 
0 
Command 
0 
0 
1 
1 
0 
0 
1 Status 
0 
1 
1 
1 
0 
1 
0 
Parameter 
0 
1 
1 
1 
0 
0 
1 Result 
1 
0 
1 
1 
0 
1 
0 
Reset 
1 
0 
1 
1 
0 
0 
1 TxlNT Result 
1 
1 
1 
1 
0 
1 
0 
- 
1 
1 
1 
1 
0 
0 
1 RxlNT Result 
X 
X 
0 
1 
1 
1 
0 Transmit Data 
X 
X 
1 
0 
1 
0 
1 Receive Data 
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REGISTERS 


TEST MODE 


RESULT 


STATUS 
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T.C 
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R.INT 
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PARAMETER 
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R.INT 
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CD 
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R.C 


FLAG DET 


210479-3 


DATA 
BUS 
BUFFER 


T.DRO 


T.DACK· 
----~~~ 


R.DRO 


R.DACK 


A, 


RESET 


cs 
ClK 
---------' 


CPU INTERFACE 
MODEM INTERFACE 


Figure 4. 8273 Blo.ck Diagram Showing 
CPU Interface 
Functions 
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RxDRQ: 
RECEIVE 
DMA REQUEST 
Register Description 


COMMAND 


Operations are initiated by writing an appropriate 
command in the Command Register. 


PARAMETER 


Parameters of commands that require additioal in- 
formation are written to this register. 


RESULT 


Contains an immediate result describing an outcome 
of an executed command. 


TRANSMIT 
INTERRUPT 
RESULT 


Contains the outcome of 8273 transmit operation 
(good/bad completion). 


RECEIVE 
INTERRUPT 
RESULT 


Contains the outcome of 8273 receive operation 
(good/bad completion), followed by additional re- 
sults which detail the reason for interrupt. 


STATUS 


The status register reflects the state of the 8273 
CPU Interface. 


DMA Data Transfers 


The 8273 CPU interface supports two independent 
data interfaces: receive data and transmit data. At 
high data transmission speeds the data transfer rate 
of the 8273 is great enough to justify the use of di- 
rect memory access (DMA) for the data transfers. 
When the 8273 is configured in DMA mode, the ele- 
ments of the DMA interfaces are: 


TxDRQ: 
TRANSMIT 
DMA REQUEST 


Requests a transfer of data between memory and 
the 8273 for a transmit operation. 


TxDACK: 
TRANSMIT 
DMA ACKNOWLEDGE 


The TxDACK signal notifies the 8273 that a transmit 
DMA cycle has been granted. It is also used with 
WR to transfer data to the 8273 in non-DMA mode. 
Note: RD must not be asserted while TxDACK is 
active. 


Requests a transfer of data between the 8273 and 
memory for a receive operation. 


RxDACK: 
RECEIVE 
DMA ACKNOWLEDGE 


The RxDACK signal notifies the 8273 that a receive 
DMA cycle has been granted. It is also used with RD 
to read data from the 8273 in non-DMA mode. Note: 
WR must not be asserted while RxDACK is active. 


RD, WR: READ, WRITE 


The RD and WR signals are used to specify the di- 
rection of the data transfer. 


DMA transfers require the use of a DMA controller 
such as the Intel 8257. The function of the DMA 
controller is to provide sequential addresses and 
timing for the transfer, at a starting address deter- 
mined by the CPU. Counting of data blocks lengths 
is performed by the 8273. 


To request a DMA transfer the 8273 raises the ap- 
propriate DMA REQUEST. DMA ACKNOWLEDGE 
and READ enables DMA data onto the bus (inde- 
pendently of CHIP SELECT).DMA ACKNOWLEDGE 
and WRITE transfers DMA data to the 8273 (inde- 
pendent of CHIP SELECT). 


It is also possible to configure the 8273 in the non- 
DMA data transfer mode. In this mode the CPU 
module must pass data to the 8273 in response to 
non-DMA data requests indicated by status word. 


Modem Interface 


The 8273 Modem interface provides both dedicated 
and user defined modem control functions. All the 
control signals are active low so that EIA RS-232C 
inverting drivers (MC 1488) and inverting receivers 
(MC 1489) may be used to interface to standard mo- 
dems. For asynchronous operation, this interface 
supports programmable NRZI data encode/decode, 
a digital phase locked loop for efficient clock extrac- 
tion from NRZI data, and modem control ports with 
automatic CTS, CD monitoring and RTS generation. 
This interface also allows the 8273 to operate in 
PRE-FRAME SYNC mode in which the 8273 prefix- 
es 16 transitions to a frame to synchronize idle lines 
before transmission of the first flag. 


It should be noted that all the 8273 port operations 
deal with logical values, for instance, bit DOof Port A 
will be a one when CTS (Pin 30) is a physical zero 
(logical one). 
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PORT A - 
INPUT 
PORT 
Serial Data Logic 


During operation, the 8273 interrogates inp~ns 
CTS (Clear to Send) and CD (Carrier Detect). CTS is 
used to condition the start of a transmission. If dur- 
ing transmission CTS is lost the 8273 generates an 
interrupt. During reception, if CD is lost, the 8273 
generates an interrupt. 
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The user defined input bits correspond to the 8273 
PA4, PA3 and PA2 pins. The 8273 does not interro- 
gate or manipulate these bits. 


PORT B • OUTPUT 
PORT 


During normal operation, if the CPU sets RTS active, 
the 8273 will not change this pin; however, if the 
CPU sets RTS inactive, the 8273 will activate it be- 
fore each transmission and deactivate it one byte 
time after transmission. While the receiver is active 
the flag detect pin is pulsed each time a flag se- 
quence is detected in the receive data stream. Fol- 
lowing an 8273 reset, all pins of Port B are set to a 
high, inactive level. 


USER OEFINED 
OUTPUT 
P8,.. PS). PB2. P81 


FlAG 
DETECT 
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The user defined output bits correspond to the state 
of PB4-PB1 pins. The 8273 does not interrogate or 
manipulate these bits. 


The Serial data is s1!:1£hronizedby the user transmit 
(TxC)and receive (RxC)clocks. The leading edge of 
TxC generates new transmit data and the trailing 
edge of RxC is used to capture receive data. The 
NRZI encoding/decoding of the receive and trans- 
mit data is programmable. 


The diagnostic features included in the Serial Data 
logic are programmable loop back of data and se- 
lectable clock for the receiver. In the loop-back 
mode, the data presented to the TxD pin is internally 
routed to the receive data input circuitry in place of 
the RxD pin, thus allowing a CPU to send a message 
to itself to verify operation of the 8273. 


In the selectable clock diagnostic feature, when the 
data is looped back, the receiver may be presented 
incorrect sample timing by the external circuitry. The 
user may select to substitute the TxC pin for the RxC 
input on-chip so that the clock used to generate the 
loop back data is used to sample it. Since TxD is 
generated off the leading edge of TxC and RxD is 
sampled on the trailing edge, the selected clock al- 
lows bit synchronism. 


ASYNCHRONOUS 
MODE 
INTERFACE 


Although the 8273 is fully compatible with the 
HDLC/SDLC communication line protocols, which 
are primarily designed for sychronous communica- 
tion, the 8273 can also be used in asynchronous 
applications by using this interface. The interface 
employs a digital phase locked loop (DPLL) for clock 
recovery from a receive data stream and program- 
mable NRZI encoding and decoding of data. The 
use of NRZI coding with SDLC transmission guaran- 
tees that within a frame, data transitions will occur at 
least every five bit times-the 
longest sequence of 
ones which may be transmitted without zero-bit in- 
sertion. The DPLL should be used only when NRZI 
coding is used since the NRZI coding will transmit 
zero sequence as line transitions. The digital phase 
locked loop also facilitates full-duplex and half-du- 
plex asynchronous implementation with, or without 
modems. 
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Figure 5. 8273 Block Diagram Showing 
Control 
Logic Functions 
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Figure 6. Transmit/Receive 
Timing 
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DIGITAL 
PHASE 
LOCKED 
LOOP 


8273 


In asynchronous applications, the clock is derived 
from the receiver data stream by the use of the digi- 
tal phase locked loop (DPll). 
The DPll 
requires a 
clock input at 32 times the required baud rate. The 
receive data (RxD)is sampled with this 32X ClK and 
the 8273 DPll 
supplies a sample pulse nomminally 
centered on the RxD bit cells. The DPll 
has a built- 
in "stiffness" which reduces sensitivity to line noise 
and bit distortion. This is accomplished by making 
phase error adjustments in discrete increments. 
Since the nominal pulse is made to occur at 32 
counts of the 32X ClK, these counts are subtracted 
or added to the nominal, depending upon which 
quadrant of the four error quadrants the data edge 
occurs in. For example if an RxD edge is detected in 


quadrant A1, it is apparent that the DPll 
sample 
"A" was placed too close to the trailing edge of the 
data cell; sample "8" 
will then be placed at T = 
(Tnominal 
- 2 counts) = 30 counts of the 32X ClK to 
move the sample pulse "8" toward the nominal cen- 
ter of the next bit cell. A data edge occuring in quad- 
rant 81 would cause a smaller adjustment of phase 
with T = 31 counts of the 32X ClK. Using this tech- 
nique the DPll 
pulse will converge to nominal bit 
center within 12 data bit times, worst case, with con- 
stant incoming RxD edges. 


A method of attaining bit synchronism following a 
line idle is to use PRE-FRAME SYNC mode of trans- 
mission. 


RxD _---JX'-----:" 
--JX'--__ 
~_....IX~__ 


DPLL 
SAMPLES 


A 
B 


~AO"" t±±±-1 


ADJUSTMENT 
-2 
-1 
+1 
+2 
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Figure 7. DPLL Sample Timing 
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SYNCHRONOUS 
MODEM-DUPLEX 
OR HALF DUPLEX 
OPERATION 
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8273 
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SDLC 
LOOP 
ondary station 
finding 
its address 
in the A field cap- 


tures the frame for action at that station. All received 
frames 
are relayed 
to the next station 
on the loop. 
The 
OPLL simplifies 
the 
SOLe 
loop station 
imple- 
mentation. 
In this application, 
each 
secondary 
sta- 


tion on a loop data link is a repeater 
set in one-bit 
delay mode. The signals sent out on the loop by the 
loop controller 
(primary station) are relayed from sta- 
tion to station 
then, back to the controller. 
Any sec- 


Loop stations 
are required 
to derive 
bit timing from 


the incoming 
NRZI 
data stream. 
The 
OPLL gener- 
ates sample 
Rx clock timing for reception 
and uses 
the same clock to implement 
Tx clock timing. 
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Figure 8. SDLC Loop Application 
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PRINCIPLES 
OF OPERATION 


The 8273 is an intelligent peripheral controller which 
relieves the CPU of many of the rote tasks associat- 
ed with constructing and receiving frames. It is fully 
compatible with the MCS-80/85™ system bus. As a 
peripheral device, it accepts commands from a CPU, 
executes these commands and provides an Interrupt 
and Result back to the CPU at the end of the execu- 
tion. The communication with the CPU is done by 
activation of CS, RD, WR, pins while the A1' Aa se- 
lect the appropriate registers on the chip as de- 
scribed in the Hardware Description Section. 


The 8273 operation is composed of the following 
sequence of events: 


I COMMAND 
PHASE I 
CPU WRITES C~MAND 
AND PARAMETERS 
INTO THE 
8273 COMMAND AND PARAMETER 
REGISTERS. 
I 


I EXECUTION 
PHASE I 
THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND. 


I 
THE 8273 SIGNALS THE CPU THAT THE EXECUTION 


I 
RESULT PHASE 
I 
HAS FINISHED. 
THE CPU MUST PERFORM A READ 
OPERATION 
OF ONE OR MORE OF THE REGISTERS. 
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The Command 
Place 


During the command phase, the software writes a 
command to the command register. The command 
bytes provide a general description of the type of 
operation requested. Many commands require more 
detailed information about the command. In such a 
case up to four parameters are written into the pa- 
rameter register. The flowchart of the command 
phase indicates that a command may not be issued 
if the Status Register indicates that the device is 
busy. Similarly if a parameter is issued when the Pa- 
rameter Buffer shows full, incorrect operation will oc- 
cur. 


The 8273 is a duplex device and both transmitter 
and receiver may each be executing a command or 
passing results at any given time. For this reason 
separate interrupt pins are provided. However, the 
command register must be used for one command 
sequence at a time. 


STATUS 
REGISTER 


The status register contains the status of the 8273 
activity. The description is as follows. 


07 
Os 
05 
04 
03 
02 
0, 
00 


~ 
CPBF I CRBF I RxlNT I TxlNT I RxlRA 
~ 
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Bit 7 CBSY (Command 
Busy) 


Indicates in-progress command, set for CPU poll 
when Command Register is full, reset upon com- 
mand phase completion. It is improper to write a 
command when CBSY is set; it results in incorrect 
operation. 


NO 


END OF COMMAND 
PHASE 
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Figure 9_Command 
Phase Flowchart 


Bit 6 CBF (Command 
Buffer 
Full) 


Indicates that the command register is full, it is reset 
when the 8273 accepts the command byte but does 
not imply that execution has begun. 


Bit 5 CPBF (Command 
Parameter 
Buffer 
Full) 


CPBF is set when the parameter buffer is full, and is 
reset by the 8273 when it accepts the parameter. 
The CPU may poll CPBF to determine when addi- 
tional parameters may be written. 


inter 
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Bit 4 CRBF (Command Result Buffer FUll) 


Indicates that an executed command immediate re- 
sult is present in the Result Register. It is set by 
8273 and reset when CPU reads the result. 


Bit 3 RxlNT (Receiver Interrupt) 


RxlNT indicates that the receiver requires CPU at- 
tention. It is identical to RxlNT (pin 11) and is set by 
the 8273 either upon good/bad 
completion of a 
specified command or by Non-DMA data transfer. It 
is reset only after the CPU has read the result byte 
or has received a data byte from the 8273 in a Non- 
DMA data transfer. 


Bit 2 TxlNT (Transmitter 
Interrupt) 


The TxlNT indicates that the transmitter requires 
CPU attention. It is identical to TxlNT (pin 2). It is set 
by 8273 either upon good/bad completion of a spec- 
ified command or by Non-DMA data transfer. It is 
reset only after the CPU has read the result byte or 
has transferred transmit data byte to the 8273 in a 
Non-DMA transfer. 


Bit 1 RxlRA (Receiver Interrupt Result 
Available) 


The RxlRA is set by the 8273 when an interrupt re- 
sult byte is placed in the RxlNT register. It is reset 
after the CPU has read the RxlNT register. 


Bit 0 TxlRA (Transmitter 
Interrupt Result 
Available) 


The TxlRA is set by the 8273 when an interrupt re- 
sult byte is placed in the TxlNT register. It is reset 
when the CPU has read the TxlNT register. 


THE EXECUTION PHASE 


Upon accepting the last parameter, the 8273 enters 
into the Execution Phase. The execution phase may 
consist of a DMA or other activity, and mayor may 
not require CPU intervention. The CPU intervention 
is eliminated in this phase if the system utilizes DMA 
for the data transfers, otherwise, for non-DMA data 
transfers, the CPU is interrupted by the 8273 via 
TxlNT and RxlNT pins, for each data byte request. 


THE RESULT PHASE 


Duringthe result phase, the 8273 notifies the CPU of 
the execution outcome of a command. This phase is 
initiated by: 
1. The successful completion of an operation 
2. An error detected during an operation. 


To facilitate quick network software decisions, two 
types of execution results are provided: 
1. An Immediate Result 
2. A Non-Immediate Result 


0,- 
De 
05 
0,- 
De 
05 
04 
03 ~ 
D1 
Do 
_ve, 
Intenupl R•• uHC••••• 
Rx Steru. AH., IHT 
, , , 
All 8 bits ,ecelved 
{ : 
0 
0 
0 
0 
0 
A1 match or general receive 
Active 


0 
0 
0 
Do 'ecelved 
0 
0 
0 
0 , 
A2 match 
Active 


0 
0 
O,-OO,ecelved 
0 
0 
0 
0 
0 
0 , , 
cac error 
Active 


0 , 
0 
02-00 
,ecelved 
0 
0 
0 
0 
0 , 
0 
0 
Abort detected 
Active 
, , 
0 
03-00 
'ecelved 
0 
0 
0 
0 
0 , 
0 , 
Idle detect 
Disabled 


0 
0 
1 
04-00 
received 
0 
0 
0 
0 
0 , , 
0 
EOP detected 
Disabled 
, 
0 , 
05-00 
received 
0 
0 
0 
0 
0 , , , 
Frame less than 32 bit. 
Active 


0 , 
1 
06- DO'ecelved 
0 
0 
0 
0 , 
0 
0 
0 
DMA overrun detected 
Disabled 


0 
0 
0 
0 , 
0 
0 
1 
Memory 
buffer 
overflow 
Disabled 


0 
0 
0 
0 
t 
0 , 
0 
Carrier detect 
failure 
Disabled 


0 
0 
0 
0 
1 
0 , , 
Receive Interrupt 
overrun 
Disabled 


• Partial 
Byte 
Received 
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Figure 10. Rx Interrupt Result Byte Format 
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Os 


o 
o 
o 


01 
DO 


D. 
03 
02 
01 
DO 


0 
1 
1 
0 
0 
0 
1 
1 
0 
1 
Early 1ransmit 
interrupt 
0 
1 
1 
1 
0 
Frame 
transmit 
complete 
0 
1 
1 
1 
DMA 
underrun 
Clear 
to Send 
(CTS) 
error 
1 
0 
0 
0 
0 
Abort 
complete 
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Figure 11. Tx Interrupt 
Result Byte Format 


Immediate 
result 
is provided 
by the 8273 for com- 
mands such as Read Port A and Read Port B which 
have information 
(CTS, CD, RTS, etc.) that the net- 
work software 
needs to make quick operational 
de- 
cisions. 


A command 
which cannot 
provide 
an immediate 
re- 
sult will generate 
an interrupt 
to signal the beginning 
of the Result phase. The immediate 
results are pro- 
vided 
in the 
Result 
Register; 
all non-immediate 
re- 
sults are available 
upon device 
interrupt, 
through 
Tx 
Interrupt 
Result 
Register 
Txl/R 
or Rx Interrupt 
Re- 
sult Register 
RxI/R. 
The result may consist of a one- 
byte interruot 
code 
indicating 
the condition 
for the 


interrupt 
and, if required, 
one or more 
bytes which 
detail the condition. 


Tx and Rx Interrupt 
Result Registers 


The Result 
Registers 
have a result code, 
the three 
high order bits 07-05 of which are set to zero for all 
but the receive command. 
This command 
result con- 
tains 
a count 
that 
indicates 
the number 
of bits re- 
ceived 
in the last byte. If a partial 
byte is received, 
the high order bits of the last data byte are indeter- 
minate. 


All results indicated 
in the command 
summary 
must 
be read during the result phase. 
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INTERRUPT 
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N~~g~A 
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-----, 


I 
I DMA 
I MODE 


I 
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I 
I 
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I 


READ STATUS 
REGISTER 


NO 
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READ STATUS 
REGISTER 


r- 
Y~E~S~ 
~N~O~----------~ 


DATA REQUEST 
NON·DMA MODE 
USE DACK + RD OR 
WR TO READ OR 
WRITE DATA 


( 
END) 


YES 


READ IIR 
REGISTER 


Figure 12. Result Phase Flowchart-Interrupt 
Results 
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AFTER COMMAND PHASE COMPLETION (READ PORT A, PORT B) 


READSTAIUS 
REGISTER 
READ 
RESULT 
REGISTER 
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DETAILED 
COMMAND 
DESCRIPTION 


Figure 13. (Rx Interrupt 
Service) 


General 


The 8273 
HOLC/SOLC 
controller 
supports 
a com- 
prehensive 
set of high level commands 
which allows 
the 8273 
to be readily 
used 
in full-duplex, 
half-du- 
plex, 
synchronous, 
asynchronous 
and 
SOLC 
loop 
configuration, 
with or without 
modems. 
These frame- 
level commands 
minimize 
CPU and software 
over- 
head. The 8273 has address 
and control 
byte buff- 
ers which allow the receive and transmit 
commands 
to be used in buffered 
or non-buffered 
modes, 


In buffered 
transmit 
mode, the 8273 transmits 
a flag 
automatically, 
reads the Address 
and Control 
buffer 
registers 
and transmits 
the fieJds, then via OMA, it 
fetches 
the 
information 
field. 
The 
8273, 
having 
transmitted 
the 
information 
field, 
automatically 
ap- 
pends 
the 
Frame 
Check 
Sequence 
(FCS) and the 
end 
flag. 
Correspondingly, 
in buffered 
read 
mode, 


the Address 
and 
Control 
fields 
are stored 
in their 
respective 
buffer 
registers 
and 
only 
Information 
Field is transferred 
to memory. 


In non-buffered 
transmit 
mode, 
the 8273 transmits 
the 
beginning 
flag· automatically, 
then 
fetches 
and 
transmits 
the 
Address, 
Control 
and 
Information 
fields from the memory, 
appends 
the FCS character 
and an end flag. In the non-buffered 
receive 
mode 
the entire 
contents 
of a frame 
are sent to memory 
with the exception 
of the flags and FCS. 


HDLC Implementation 


HOLC Address 
and Control field are extendable. 
The 
extension 
is selected 
by setting 
the low order bit of 
the field to be extended 
to a one, a zero in the low 
order 
bit indicates 
the 
last 
byte 
of the 
respective 
field. 


Since 
Address/Control 
field 
extension 
is normally 
done with software 
to maximize 
extension 
flexibility, 


the 8273 does not create 
or operate 
upon contents 
of the extended 
HOLC Address/Control 
fields. 
Ex- 


tended 
fields 
are transparently 
passed 
by the 8273 


to user as either 
interrupt 
results 
or data 
transfer 
requests. 
Software 
must 
assemble 
the 
fields 
for 
transmission 
and interrogate 
them upon reception. 


However, 
the user can take advantage 
of the power- 


ful 
8273 
commands 
to 
minimize 
CPU/Software 
overhead 
and simplify 
buffer 
management 
in han- 
dling 
extended 
fields. 
For instance 
buffered 
mode 
can be used to separate 
the first 
two 
bytes, 
then 


interrogate 
the others from buffer. 
Buffered 
mode is 
perfect 
for a two byte address 
field. 


The 
8273 
when 
programmed, 
recognizes 
protocol 
characters 
unique to HOLC such as Abort, which is a 
string 
of 
seven 
or 
more 
ones 
(01111111). 
Since 
Abort character 
is the same as the GA (EOP) char- 
acter used in SOLC Loop applications., 
Loop Trans- 
mit and Receive 
commands 
are not recommended 
to be used in HOLC. HOLC does not support 
Loop 
mode. 


Initialization 
Set/Reset 
Commands 


These commands 
are used to manipulate 
data with- 
in the 
8273 
registers. 
The 
Set commands 
have 
a 
single parameter 
which 
is a mask that corresponds 
to the bits to be set. (They perform 
a logical-OR 
of 
the specified 
register 
with the mask 
provided 
as a 
parameter). 
The Register 
commands 
have a single 
parameter 
which is a mask that has a zero in the bit 
positions 
that are to be reset. (They perform 
a logi- 
cal-AND 
of the specified 
register 
with the mask). 


CMO: r-~-+--+--r~~1--+--+--r~ 
PAR: 
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When one bit delay is set, 8273 retransmits 
the re- 
ceived 
data stream 
one 
bit delayed. 
This 
mode 
is 
entered 
at 
a 
receiver 
character 
boundary, 
and 
should only be used by Loop Stations. 


The 8273 stops the one bit delayed 
retransmission 
mode. 


CMO: ~-+--+--+--~-4~~--+--+--~~ 
PAR: 
L--L~ 
__ ~-L 
__ L-J-~ 
__ ~-L~ 


When 
the data transfer 
mode 
is set, the 8273 will 
interrupt 
when data bytes are required 
for transmis- 
sion 
or are available 
from 
a receive. 
If a transmit 
interrupt 
occurs and the status indicates 
that there is 
no Transmit 
Result 
(TxIRA 
~ 
0), the interrupt 
is a 
transmit 
data 
request. 
If a receive 
interrupt 
occurs 
and the status 
indicates 
that there is no receive 
re- 
sult (RxIRA = 0), the interrupt 
is a receive 
data re- 
quest. 


RESET 
DATA 
TRANSFER 
MODE (CMD CODE 
57) 


CMO: ~-+--+--+--~--~-+--+--+--~-4 
PAR: 
L--L~ 
__ ~-L 
__ L--L~ 
__ ~-L~ 


If the Data 
Transfer 
Mode 
is reset, 
the 8273 
data 


transfers 
are performed 
through 
the OMA requests 
without 
interrupting 
the, CPU. 


SET OPERATING 
MODE (CMD CODE 91) 


~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 


CMD: 


PAR: 


1, .. FLAG STREAM MODE 


1 •• PREFRAME 
SYNC MODe 


1 •• BUFFERED 
MODE 


1 •• EARL V INTERRUPT 
MODE 


, 
1" 
EOP INTERRUPT MODE 


loO HDlCMODE 
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CMO: ~1--+--+--r~r-~-+--+--r~ 
PAR: 


Any mode switches 
set in CMO code 91 can be re- 
set using this command 
by placing 
zeros 
in the ap- 
propriate 
positions. 


(D5) HDLC 
MODE 


In 
HOLC 
mode, 
a 
bit 
sequence 
of 
seven 
ones 
(01111111) 
is interpreted 
as as an abort character. 
Otherwise, 
eight ones (011111111) 
signal an abort . 


(D4) EOP INTERRUPT 
MODE 


In EOP 
interrupt 
mode, 
an interrupt 
is generated 
whenever 
an EOP character 
(01111111) 
is detected 


. by an active 
receiver. 
This 
mode 
is useful 
for the 
implementation 
of an SOLC loop controller 
in detect- 
ing the end of a message 
stream 
after a loop poll. 
, 


(D3) TRANSMITTER 
EARLY 
INTERRUPT 
MODE 
(Tx) 


The 
early 
interrupt 
mode 
is specified 
to 
indicate 
when the 8273 should generate 
an end of frame 
in- 
terrupt. 
When 
set, an early 
interrupt 
is generated 
when the last data character 
has been passed to the 
8273. 
If the 
user 
software 
responds 
with 
another 
transmit 
command 
before 
the final flag is sent, the 
final flag interrupt 
will not be generated 
and a new 
frame will immediately 
begin when the current frame 
is complete. 
This permits frames to be separated 
by 
a single flag. If no additional 
Tx commands 
are pro- 
vided, a final interrupt 
will follow. 


NOTE: 
In buffered 
mode, 
if a supervisory 
frame 
(no Infor- 
mation) 
Transmit 
command 
is sent 
in response 
to 


'an early Transmit 
Interrupt, 
the 8273 will repeatedly 
transmit 
the same 
supervisory 
frame 
with one flag 
in between, 
until 
a non-supervisory 
transmit 
is is- 


sued. 


Early transmitter 
interrupt 
can be used 
in buffered 
mode 
by waiting 
for a transmit 
complete 
interrupt 
instead 
of early Transmit 
Interrupt 
before 
issuing 
a 
transmit 
frame 
command 
for a supervisory 
frame. 


See Figure 14. 
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Tx INTERRUPT 
PROCEDURE 


OTHER 


TRANSMIT 
COMPLETION 
(DOH) 
INTERRUPT 


OTHER 
PROCESSING 
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Figure 14 


If this bit is zero, the interrupt 
will be generated 
only 


after the final flag has been transmitted. 


(D2) BUFFERED 
MODE 


If the buffered 
mode bit is set to a one, the first two 


bytes 
(normally 
the 
address 
(A) 
and 
control 
(C) 


fields) of a frame are buffered 
by the 8273. If this bit 


is a zero the address 
and control 
fields are passed 


to and from memory. 
. 


(D1) PREFRAME 
SYNC MODE 


If this bit is set to a one the 8273 will transmit 
two 


characters 
before the first flag of a frame. 


To 
guarantee 
sixteen 
line 
transitions, 
the 
8273 


sends two bytes of data (OO)Hif NRZI is set or data 
(55)H if NRZI is not set. 


(DO) FLAG STREAM 
MODE 


If this bit is set to a one, the following 
table outlines 
the operation 
of the transmitter. 


Transmitter 
State 
Action 


Idle 
Send Flags Immediately. 


Transmit 
or Transmit} 
Send Flags After the 
Transparent 
Active 
Transmission 
Complete 


Loop Transmit 
Active 
Ignore Command. 


1 Bit Delay Active 
Ignore Command. 


If this bit is reset to zero the following 
table outlines 
the operation 
of the transmitter 


Transmitter 
State 
Action 


IDLE 
Sends Idles on Next 
Character 
boundary. 


Transmit 
or Transmit- 
} 
Send Idles after the 
Transmission 
Transparent 
Active 
is Complete. 


Loop Transmit 
Active 
Ignore Command. 


1 Bit Delay Active 
Ignore Command. 


SET SERIAL 
110 MODE 
(CMD CODE 
AO) 


~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 


CMO: 


PAR: 


1, • NRZl 
MODE 


1 • lOOP BACK TIIO _ 
FbD 
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RESET 
SERIAL 
110 MODE 
(CMD CODE 
60) 


CMD:~4--+__~4--+__~~-+ __~ 


PAR: 


(D2) LOOP BACK 


If this bit is set to a one, the transmit 
data is internal- 


ly routed to the receive 
data circuitry. 
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Receive Commands 
(D1) TxC 
-- 
RxC 


If this bit is set to a one, the transmit clock is inter- 
nally routed to the receive clock circuitry. It is nor- 
mally used with the loop backbit (02). 


(DO) NRZI MODE 


If this bit is set to a one, NRZI encoding and decod- 
ing of transmit and receive data is provided. If this bit 
is a zero, the transmit and receive data is treated as 
a normal positive logic bit stream. 


NRZI encoding specifies that a zero causes a 
change in the polarity of the transmitted signal and a 
one causes no polarity change. NRZI is used in all 
asynchronous operations. Refer to IBM document 
GA27-3093 for details. 


TMR: ~4--+--+-~~--1--+--+-~~ 
TMR: 


An 8273 reset command is executed by outputting a 
(01)H followed by (OO)Hto the reset register (TMR). 
See 8273 AC timing characteristics for Reset pulse 
specifications. 


The reset command emulates the action of the reset 
pin. 
1) The modem control signals are forced high (inac- 


tive level). 


2) The 8273 status register flags a~ecleared. 
3) Any commands in progress are terminated imme- 
diately. 


4) The 8273 enters an idle state until the next com- 
mand is issued. 


5) The Serial 1/0 and Operating Mode registers are 
set to zero and DMA data register transfer mode 
is selected. 


6) The device assumes a non-loop SDLC terminal 
role. 


The 8273 supports three receive commands: Gener- 
al Receive, Selective Receive, and Selective Loop 
Receive. 


GENERAL 
RECEIVE 
(CMD CODE CO) 


General receive is a receive mode in which frames 
are received regardless of the contents of the ad- 
dress field. 


A1 Ao 07 
06 
05 
04 
03 
02 
01 
Do 


CMD: 


PAR: 


0 
0 
1 I 1 101 
0 I 0 I 0 I 0 I 0 


0 
1 
LEAST SIGNIFICANT BYTE 
OF THE RECEIVEBUFFER 
LENGTH (BO) 


0 
1 
MOST SIGNIFICANT BYTE 
OF RECEIVE 
BUFFER LENGTH (B1) 


PAR: 


NOTES: 
1. If buffered mode is specified, the RO,R1 receive 
frame length (result) is the number of data bytes re- 
ceived. 
2. If non-buffered mode is specified, the RO,R1 re- 
ceive frame length (result) is the number of data 
bytes received plus two (the count includes the ad- 
dress and control bytes). 
3. The frame check sequence (FCS) is not trans- 
ferred to memory. 
4. Frames with less than 32 bits between flags are 
ignored (no interrupt generated) if the buffered 
mode is specified. 
5. In the non-buffered mode an interrupt is generat- 
ed when a less than 32 bit frame is received, since 
data transfer requests have occurred. 
6. The 8273 receive is always disabled when an 
Idle is received after a valid frame. The CPU mod- 
ule must issue a receive command to re-enable the 
receiver. 
7. The intervening ABORT character between a fi- 
nal flag and an IDLE does not generate an inter- 
rupt. 
8. If an ABORT Character is not preceded by a flag 
and is followed by an IDLE, an interrupt will be gen- 
erated for the ABORT followed by an IDLE interrupt 
one character time later. The reception 
of an 
ABORT will disable the receiver. 


2-99 


• 


inter 
8273 


RECEIVE 
DISABLE 
(CMD CODE 
5) 
SELECTIVE 
RECEIVE 
(CMD CODE C1) 


A1 
Aa 
07 
06 
05 
04 
03 
02 
01 
Do 


CMD: 


PAR: 


0 
0 
111101010101011 


0 
1 
LEAST SIGNIFICANT 
BYTE 
OF THE RECEIVE 
BUFFER 
LENGTH 
(BO) 


0 
1 
MOST SIGNIFICANT 
BYTE 
OF RECEIVE 
BUFFER LENGTH 
(B1) 


0 
1 
RECEIVE FRAME ADDRESS 
MATCH FIELD ONE (A1) 


0 
1 
RECEIVE FRAME ADDRESS 
MATCH FIELD TWO (A2) 


PAR: 


PAR: 


PAR: 


Selective 
receive 
is a receive 
mode in which frames 
are ignored 
unless 
the address 
field 
matches 
any 
one of two address 
fields given to the 8273 as pa- 
rameters. 


When 
selective 
receive 
is used in HDLC the 8273 
looks 
at the 
first 
character, 
if extended, 
software 
must then decide 
if the message 
is for this unit. 


SELECTIVE 
LOOP RECEIVE 
(CMD CODE C2) 


A1 
Aa 
07 
06 
05 
04 
03 
02 
01 
Do 


CMD: 


PAR: 


0 
0 
111101010101110 


0 
0 
LEAST SIGNIFICANT 
BYTE 
OF THE RECEIVE 
BUFFER 
LENGTH 
(BO) 


0 
1 
MOST SIGNIFICANT 
BYTE 
OF RECEIVE 
BUFFER 
LENGTH 
(B1) 


0 
1 
RECEIVE FRAME ADDRESS 
MATCH FIELD ONE (A1) 


0 
1 
RECEIVE FRAME ADDRESS 
MATCH FIELD TWO (A2) 


PAR: 


PAR: 


PAR: 


Selective 
loop 
receive 
operates 
like 
selective 
re- 
ceive 
except 
that 
the transmitter 
is placed 
in flag 
stream 
mode automatically 
after 
detecting 
an EOP 
(01111111) 
following 
a valid 
received 
frame. 
The 
one 
bit delay 
mode 
is also 
reset 
at the 
end 
of a 
selective 
loop receive. 


Transmit Commands 


The 
8273 
supports 
three 
transmit 
commands: 
Transmit 
Frame, Loop Transmit, 
Transmit 
Transpar- 
ent. 


TRANSMIT 
FRAME 
(CMD CODE CS) 


A1 
Ao 
07 
06 
05 
04 
03 
02 
01 
Do 


CMD: 


PAR: 


0 
0 
111101011101010 


0 
1 
LEAST SIGNIFICANT 
BYTE OF 
FRAME LENGTH 
(LO) 


0 
1 
MOST SIGNIFICANT 
BYTE OF 
FRAME LENGTH 
(L1) 


0 
1 
ADDRESS 
FIELD OF TRANSMIT 
FRAME (A) 


0 
1 
CONTROL 
FIELD OF TRANSMIT 
FRAME (C) 


PAR: 


PAR: 


PAR: 


Transmits 
one 
frame 
including: 
initial 
flag, 
frame 
check sequence, 
and the final flag. 


If the buffered 
mode is specified, 
the LO, L1, frame 
length 
provides 
as a parameter 
is the length 
of the 
information 
field and the address 
and control 
fields 
must be input. 


In unbuffered 
mode the frame 
length provided 
must 
be the length 
of the information 
field 
plus two and 
the address 
and control 
fields 
must be the first two 
bytes of data. Thus only the frame 
length 
bytes are 
required 
as parameters. 
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LOOP TRANSMIT 
(CMD CODE CA) 


A1 
Ao 
07 
06 
05 
04 
03 
02 
01 
Do 


CMD: 


PAR: 


0 
0 
111101011101110 


0 
1 
LEAST SIGNIFICANT 
BYTE OF 
FRAME LENGTH 
(LO) 


0 
1 
MOST SIGNIFICANT 
BYTE OF 
FRAME LENGTH 
(L1) 


0 
1 
ADDRESS 
FIELD OF TRANSMIT 
FRAME (A) 


0 
1 
CONTROL 
FIELD OF TRANSMIT 
FRAME (C) 


PAR: 


PAR: 


PAR: 


Transmits 
one 
frame 
in the 
same 
manner 
as the 
transn:it 
frame command 
except: 


1) If the flag stream mode is not active transmission 
will begin after a received 
EOP has been convert- 
ed to a flag. 


2) If the flag stream 
mode is active transmission 
will 
begin at the next flag boundary 
for buffered 
mode 
or 
at 
the 
third 
flag 
boundary 
for 
non-buffered 
mode. 


3) At the end 
of a loop transmit 
the one-bit 
delay 
mode is entered 
and the flag stream 
mode is re- 
set. 


TRANSMIT 
TRANSPARENT 
(CMD CODED 
C9) 


A1 
Ao 
07 
06 
05 
04 
03 
02 
01 
Do 


CMD: 


PAR: 


0 
0 
111101011101011 


0 
1 
LEAST SIGNIFICANT 
BYTE OF 
FRAME LENGTH 
(LO) 


0 
1 
MOST SIGNIFICANT 
BYTE OF 
FRAME LENGTH 
(L1) 
PAR: 


The 8273 will transmit 
a block 
of raw data without 
protocol, 
i.e., no zero 
bit insertion, 
flags, 
or frame 
check 
sequences. 


Abort Transmit Commands 


An abort 
command 
is supported 
for each 
type 
of 
transmit 
command. 
The 
abort 
commands 
are 
ig- 
nored if a transmit 
command 
is not in progress. 


CMD: L-~~ 
__ L--L~ 
__ ~~ 
__ L--L~ 
PAR: 
NONE - 


After 
an abort 
character 
(eight contiguous 
ones) 
is 
transmitted, 
the transmitter 
reverts 
to sending 
flags 
or idles as a function 
of the flag stream 
mode speci- 
fied. 


CMD: .L--L~ 
__ ~-L 
__ L-~~ 
__ ~-L~ 


PAR: 


After a flag is transmitted 
the transmitter 
reverts 
to 
one bit delay mode. 


ABORT 
TRANSMIT 
TRANSPARENT 
(CMD CODE 
CD) 


The transmitter 
reverts to sending flags or idles as a 
function 
of the flag stream 
mode specified. 


Modem Control Commands 


The modem control 
commands 
are used to manipu- 
late the modem 
control 
ports. 


When read Port A or Port B commands 
are executed 
the result 
of the command 
is returned 
in the result 
register. 
The Bit Set Port B command 
requires 
a pa- 
rameter 
that is a mask that corresponds 
to the bits 
to be set. The Bit Reset Port B command 
requires 
a 
mask that has a zero in the bit positions 
that are to 
be reset. 
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SET PORT B BITS (CMD CODE A3) 
(Do) REQUEST 
TO SEND 


This command 
allows user defined 
Port B pins to be 
set. 


This is a dedicted 
8273 modem 
control 
signal, 
and 
reflects 
the same logical 
state of RTS pin. 


~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 


CMO: 


PAR: 


'--_-,-_....1 I RTS _ REQUEST TO SEND 


USER DEFINED 


RESET 
PORT B BITS (CMD CODE 63) 


This command 
allows Port B user defined 
bits to be 
reset. 


~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 


CMD: 


PAR: 


l 


I RTS - 
REOUEST TO SEND 


USER DEFINED 
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(05) FLAG DETECT 


This bit can be used to set the flag detect 
pin. How- 
ever, it will be reset when the next flag is detected. 
FLAG CETECT 
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(04-01) 
USER DEFINED 
OUTPUTS 


These 
bits correspond 
to the state of the PB4-PB1 
output 
pins. 


This command 
allows 
Port B (04-01) 
user defined 
bits to be reset. 
These 
bits correspond 
to Output 
Port pins (PB4-PB1). 


8273 Command Summary 


Command 
Description 
Command 
Parameter 
Results 
Result 
Completion 
HEX 
Port 
Interrupt 


Set One Bit Delay 
A4 
Set Mask 
None 
- 
No 


Reset One Bit Delay 
64 
Reset Mask 
None 
c 
- 
No 


Set Data Transfer 
Mode 
97 
Set Mask 
None 
- 
No 


Reset Data Transfer 
Mode 
57 
Reset Mask 
None 
- 
No 


Set Operating 
Mode 
91 
Set Mask 
None 
- 
No 


Reset Operating 
Mode 
51 
Reset Mask 
None 
- 
No 


Set Serial 110 Mode 
AO 
Set Mask 
None 
I 
- 
No 


Reset Serial 1/0 Mode 
60 
Reset Mask 
None 
- 
No 


General 
Receive 
CO 
BO,B1 
RIC,RO,R1,(A,C)(2) 
RXI/R 
Yes 


Selective 
Receive 
C1 
BO,B1,A 1,A2 
RIC,RO,R1,(A,C)(2) 
RXI/R 
Yes 


Selective 
Loop Receive 
C2 
BO,B1,A1,A2 
RIC,RO,R1,(A,C)(2) 
RXIIR 
Yes 


Receive 
Disable 
C5 
None 
None 
- 
No 


Transmit 
Frame 
C8 
LO,L1,(A,C)(1) 
TIC 
TXI/R 
Yes 


Loop Transmit 
CA 
LO,L1,(A,C)(l) 
TIC 
TXI/R 
Yes 


Transmit 
Transparent 
C9 
LO,L1 
TIC 
TXI/R 
Yes 


Abort Transmit 
Frame 
CC 
None 
TIC 
TXI/R 
Yes 
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8273 Command 
Summary 
(Continued) 


Command Description 
Command 
Parameter 
Results 
Result 
Completion 
HEX 
Port 
Interrupt 


Abort Loop Transmit 
CE 
None 
TIC 
TXIIR 
Yes 


Abort Transmit Transparent 
CD 
None 
TIC 
TXI/R 
Yes 


Read PortA 
22 
None 
Port Value 
Result 
No 


Read Port B 
23 
None 
Port Value 
Result 
No 


Set Port B Bit 
A3 
Set Mask 
None 
- 
No 


Reset Port B Bit 
63 
Reset Mask 
None 
- 
No 


NOTES: 
1. Issued only when 
in buffered 
mode. 


2. Read as results 
only in buffered 
mode. 


8273 Command 
Summary 
Key 
BO- 
Least significant byte of the receiver buff- 
er length. 
B1- 
Most significant byte of the receive buffer 
length. 


LO- 
Least significant byte of the Tx frame 
length. 


L1- 
Most significant byte of the Tx frame 
length. 
I 


A1- 
Receive frame address match field one. 


A2- Receive frame address match field two. 
A- Address field of received frame. If non- 
buffered mode is specified, this result is 
not provided. 


C- 
Control field of received frame. If non- 
buffered mode is specified this result is 
not provided. 


RXI/R- 
Receive interrupt result register. 


TXI/R- 
Transmit interrupt result register. 


RO- Least significant byte of the length of the 
frame received. 
R1- 
Most significant byte of the length of the 
frame received. 
RIC- 
Receiver interrupt result code. 


TIC- 
Transmitter interrupt result code. 
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Figure 15.Typical Frame Reception 
NOTE: 
In order to ensure 
proper 
operation 
to the maximum 
baud rate, Receive 
commands 
or Read/Write 
Port commands 
should 
be written 
only when 
either 
the transmitter 
or the receiver 
is inactive. 
In full duplex 
systems, 
it is recommended 
that these 
commands 
be issued 
after servicing 
a transmitter 
interrupt 
but before 
a new transmit 
command 
is issued. 
When 
operating 
in 


full Duplex 
(active 
transmitter 
or receiver) 
with commands, 
the maximum 
data rate decreases 
to 49K Baud. 
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Figure 16a. Typical Frame Transmission, Buffered Mode 
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Figure 16b. Typical Frame Transmission, Non-Buffered Mode 
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Table 2. Command 
Phase Timing (Full Duplex) 


Symbol 
Timing Parameter 
Buffered 
Non-Buffered 
Unit 
Min 
Max 
Min 
Max 


T1 
Between 
Command 
& First Parameter 
13 
756 
13 
857 
tcy 


T2 
Between 
Consecutive 
Parameters 
10 
604 
10 
705 
tcy 


T3 
Command 
Parameter 
Buffer Full Bit 
10 
604 
10 
705 
tcy 
Reset after Parmeter 
Loaded 


T4 
Command 
Busy Bit Reset after Last 
128 
702 
128 
803 
tcy 
Parameter 


T5 
CPBF Bit Reset after Last Parameter 
10 
604 
10 
705 
tcy 
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RxlRA 


RxlNT 
/ 
~ 


Table 3. Receiver Interrupt Result Timing 


Symbol 
Timing Parameter (Clock Cycles) 
Buffered 
Non-Buffered 
Unit 
Min 
Max 
Mln 
Max 


T1 
RxlRA Bit Set after RIC Read 
18 
29 
18 
29 
tcy 
T2 
RxlNT Goes Away after Last Int. Result 
16 
27 
16 
27 
tcy 
Read 


TRANSMIT INTERRUPT 


RD 


------------_\~--_I:~ 
_----'/1- 
~ 
TxlNT 
. 


T.IRA 
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Table 4. Transmit Interrupt Result 


Symbol 
Timing (Clock Cycle) 
Buffered 
Non-Buffered 
Unit 
Min 
I 
Max 
Mln 
I 
Max 


T1 
TxlNT Inactive after Int. Results Read 
13 
I 
353 
13 
I 
454 
tcy 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin With 
Respect 
to Ground 
-0.5V 
to + 7V 


Power Dissipation 
1 Watt 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
8273 
(TA = O°C to 70°C, vcc = + 5.0V ± 5%) 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


Vll 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
vcc + 0.5 
V 


VOl 
Output Low Voltage 
0.45 
V 
lot, = 2.0 mA for Data Bus Pins 
IOl = 1.0 mA for Output Port Pins 
IOl = 1.6 mA for All Other Pins 


VOH 
Output High Voltage 
2.4 
V 
IOH = - 
200 /LA for Data Bus Pins 
IOH = -100 
/LA for All Other Pins 


III 
Input Load Current 
±10 
/LA 
VIN = vcc to OV 


IOFl 
Output Leakage Current 
±10 
/LA 
VOUT = VCC to 0.45V 


tee 
vcc Supply Current 
180 
mA 


CAPACITANCE 
8273 
(TA = 25°C, vcc = GND = OV) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


CIN 
Input Capacitance 
10 
pF 
le = 1 MHz 


CIIO 
I/O Capacitance 
20 
pF 
Unmeasured 
Pins 
Returned 
to GND 


A.C. CHARACTERISTICS 
(TA = 0°Ct070°C, 
vcc = +5.0V 
±5%) 


CLOCK 
TIMING 
(8273) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


tcv 
Clock 
250 
1000 
ns 
64K Baud Max 


tcl 
Clock Low 
120 
ns 
Operating 
Rate 


tcH 
Clock High 
120 
ns 
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A.C. CHARACTERISTICS 
8273 
(TA = 0·Ct070·C, 
vcc = +5.0V 
± 5%) 


READ CYCLE 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAC 
Select Setup to RD 
0 
ns 
(Note 2) 


tCA 
Select Hold from RD 
0 
(Note 2) 


, 


ns 


tRR 
RD Pulse Width 
250 
ns 


Data Delay from Address 
300 
(Note 2) 
~. 


tAO 
ns 


tRO 
Data Delay from RD 
200 
ns 
CL = 150 pF, (Note 2) 


tOF 
Output Float Delay 
20 
100 
ns 
CL = 20 pF For Minimum; 
150 pF for Maximum 


toe 
DACK Setup to RD 
25 
ns 


teo 
DACK Hold from RD 
25 
ns 


tKO 
Data Delay from DACK 
300 
ns 
~. 


, 
j 


WRITE 
CYCLE 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAC 
Select Setup to WR 
0 
ns 


teA 
Select Hold from WR 
0 
ns 
" 


tww 
WR Pulse Width 
250 
ns 


tow 
Data Setup to WR 
150 
, 


ns 


two 
Data Hold from WR 
0 
ns 


toe 
DACK Setup to WR 
25 
ns 


tco 
DACK Hold from WR 
25 
-ns 


DMA 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


tea 
Request 
Hold from WR or RD 
200 
ns 
(for Non-Burst 
Mode) 


OTHER 
TIMING 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tRSTW 
Reset Pulse Width 
10 
tey 


tr 
Input Signal Rise Time 
20 
ns 


tf 
Input Signal Fall Time 
20 
ns 


tRSTS 
Reset to First IOWR 
2 
tey 


teY32 
32X Clock Cycle Time 
13.02xtCY 
ns 


teL32 
32X Clock Low Time 
4xtCY 
ns 


tCH32 
32X Clock High Time 
4xtCY 
ns 


tOPLL 
DPLL Output Low 
1 xtey-50 
ns 
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A.C. CHARACTERISTICS 
8273 
(TA = O·C to 70·C, VCC = + 5.0V ± 5%) (Continued) 


OTHER 
TIMING 
(Continued) 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tOCL 
Data Clock Low 
1 xtCy-50 
ns 


tOCH 
Data Clock High 
2xtCY 
ns 


tocv 
Data Clock 
62.5 x tCY 
ns 
(Note 3) 


tTD 
Transmit 
Data Delay 
200 
ns 


tos 
Data Setup Time 
200 
ns 


Data Hold Time 
100 


\ 
~ 
tOH 
ns 


tFLO 
FLAG DET Output Low 
8xtCY 
± 50 
ns 


NOTES: 
1. All timing measurements are made at the reference voltages unless otherwise specified: Input "1" at 2.0V. "0" at 0.8V; 
Output "1" at 2.0V. "0" at 0.8V. 
2. tAD.tRD.tAC.and teA are not concurrent specs. 
_ 


3. If receive commands or Read/Write Port commands are issued while both the transmitter and receiver are active. this 
specification will be 81.5 TCYmin. 


A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 
A.C. TESTING 
LOAD 
CIRCUIT 


CL = 150pF 
CL Includes 
Jig Capacitance 
"=X: 
x= 


2.0, 
2.0 
>TEST 
POINTS < 


0.8 
0.8 
0.45 


DEVICE 
UNDER 
TEST 
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A.C. Testing: 
Inputs 
are driven 
at 2.4V for a logic 
"1" 
and 0.45V 
for a logic "0". 
Timing 
measurements 
are made 
at 2.0V for a logic 
"1" 
and o.av for a logic 
"0". 
210479-25 
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WAVEFORMS 
(Continued) 
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8274 
MULTI-PROTOCOL 
SERIAL CONTROLLER 
(MPSC) 
• Asynchronous, 
Byte Synchronous 
and 
• Byte Synchronous: 
Bit Synchronous 
Operation 
- 
Character Synchronization, 
Int. or 
• Two Independent 
Full Duplex 
Ext. 


Transmitters 
and Receivers 
- 
One or Two Sync Characters 
- 
Automatic 
CRC Generation and 
• Fully Compatible with 8048, 8051, 8085, 
Checking (CRC-16) 
8088, 8086, 80188 and 80186 CPU's; 
-IBM 
Bisync Compatible 
8257 and 8237 DMA Controllers; 
and 
• Bit Synchronous: 
8089 I/O Proc. 
- 
SDLC/HDLC Flag Generation and 
• 4 Independent 
DMA Channels 
Recognition 
• Baud Rate: DC to 880K Baud 
- 
8 Bit Address Recognition 


Asynchronous: 
- 
Automatic Zero Bit Insertion and 
• 
Deletion 
- 
5-8 Bit Character; Odd, Even, or No 
- 
Automatic 
CRC Generation and 
Parity; 1, 1.5 or 2 Stop Bits 
Checking (CCITT-16) 
- 
Error Detection: Framing, Overrun, 
- 
CCITT X.25 Compatible 
and Parity 
• Available in EXPRESS and Military 


The Intel 8274 Multi-Protocol 
Series Controller 
(MPSC) is designed 
to interface 
High Speed Communications 
Lines using Asynchronous, 
IBM Bisync, and SOLC/HOLC 
protocol 
to Intel microcomputer 
systems. 
It can be 
interfaced 
with Intel's 
MCS-48, -85, -51; iAPX-86, -88, -186 and -188 families, 
the 8237 OMA Controller, 
or the 
8089 110 Processor 
in polled, 
interrupt 
driven, 
or OMA driven 
modes of operation. 


The MPSC is a 40 pin device fabricated 
using Intel's 
High Performance 
HMOS Technology. 
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Table 
1. Pin Description 


- 


Symbol 
Pin 
Type 
Name and Function 
No. 


ClK 
1 
I 
, 
CLOCK: 
System clock, TTl 
compatible. 


RESET 
2 
I 
RESET: A low signal on this pin will force the MPSC to 
an idle state. TxDA and TxDB are forced high. The 
modem interface 
output signals are forced high. The 


\ 
MPSC will remain idle until the control 
registers 
are 
initialized. 
Reset must be true for one complete 
ClK 


., 
cycle . 


CDA 
3 
I 
CARRIER 
DETECT 
(CHANNEL 
A): This interface 
signal 
is supplied 
by the modem to indicate that a data carrier 
signal has been detected 
and that a valid data signal is 
present on the RxDA line. If the auto enable control 
is 
set the 8274 will not enable the serial receiver until CDA 
has been activated. 


RxCB 
4 
I 
RECEIVE 
CLOCK 
(CHANNEL 
B): The serial data are 
shifted into the Receive 
Data input (RxDB) on the rising 
edge of the Receive Clock. 


CDB 
5 
I 
CARRIER 
DETECT 
(CHANNEL 
B): This interface 
signal 
is supplied 
by the modem to indicated 
that a data carrier 
signal has been detected 
and that a valid data signal is 


.: 
present on the RxDB line. If the auto enable control 
is 
set the 8274 will not enable the serial receiver 
until CDB 
has been activated. 


CTSB 
6 
I 
CLEAR 
TO SEND (CHANNEL 
B): This interface 
signal 
is supplied 
by the modem in response 
to an active RTS 
signal. CTS indicates 
that the data terminal/computer 
equipment 
is permitted 
to transmit 
data. In addition, 
if 
the auto enable control 
is set, the 8274 will not transmit 


I 
data bytes until CTS has been activated. 


TXCB 
7 
I 
TRANSMIT 
CLOCK 
(CHANNEL 
B): The serial data are 
shifted out from the Transmit 
Data output (TxDB) on the 
falling edge of the Transmit 
Clock. 


TxDB 
8 
0 
TRANSMIT 
DATA (CHANNEL 
B): This pin transmits 
serial data to the communications 
channel 
(Channel 
B). 


RxDB 
9 
I 
RECEIVE 
DATA (CHANNEL 
B): This pin receives 
serial 
data from the communications 
channel 
(Channel 
B). 


SYNDETB 
10 
I/O 
SYNCHRONOUS 
DETECTION 
(CHANNEL 
B): This pin 
/RTSB 
is used in byte synchronous 
mode as either an internal 
sync detect (output) or as a means to force external 
synchronization 
(input). In SDlC 
mode, this pin is an 
output indicating 
Flag detection. 
In asynchronous 
mode 
it is a general purpose input (Channel 
B). 


REQUEST 
TO SEND (CHANNEL 
B): General purpose 


< 
output, generally 
used to signal that Channel 
B is ready 
to send data. When the RTS bit is reset in asynchronous 
mode, the signal does not go inactive 
(High) until the 
transmitter 
is empty. 
SYNOET B or RTSB selection 
is done by WR2; 07. 
. 
(Channel A) . 
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Table 
1. Pin Description 
(Continued) 


Symbol 
Pin 
Type 
Name and Function 
No. 


RDYs/ 
11 
0 
RE~DY 
(CHANNEL 
B)lTRANSMITTER 
DMA 
TxDRQA 
REQUEST 
(CHANNEL 
A): In mode 0 this pin is RDYs 


I" 


and is used to synchronize 
data transfers 
betweenthe 
processor 
and the MPSC (Channel 
B). In modes 
1 and 2 
this pin is TxDRQA and is used by the Channel A 


, 
transmitter 
to request a DMA transfer. 


DB7 
12 
I/O 
DATA 
BUS: The Data Bus lines are bidirectional 
three 
state lines which interface 
with the system's 
Data Bus. 


DB6 
13 


DB5 
14 


DB4 
15 


DB3 


." 


16 


DB2 
17 


- 


DB1 
18 


DBO 
19 
• 


, 
GND 
20 
GROUND. 


Vcc 
40 
POWER: + 5V Supply 


CTSA 
39 
I 
CLEAR 
TO SEND (CHANNEL 
A): This interface 
sign~ 
is supplied 
by the Modem in response 
to an active RT 
signal. CTS indicates 
that the data terminal/computer 
equipment 
is permitted 
to transmit 
data. In addition, 
if 
the auto enable control 
is set, the 8274 will not transmit 
data bytes until CTS has been activated. 


RTSA 
38 
0 
REQUEST 
TO SEND (CHANNEL 
A): General 
purpose 
output commonly 
used to signal that Channel 
A is ready 
to send data. When the RTS bit is reset in asynchronous 
I- 
mode, the signal does not go inactive (High) until the 
transmitter 
is empty. 


TxDA 
37 
0 
TRANSMIT 
DATA (CHANNEL 
A): This pin transmits 
serial data to the commmunications 
channel 
(Channel 
A). 


TxCA 
36 
I 
TRANSMIT 
CLOCK 
(CHANNEL 
A): The serial data are 
shifted out from the Transmit 
Data output (TxDA) on the 
falling edge of the Transmit 
Clock. 


RxCA 
35 
I I 
RECEIVE 
CLOCK 
(CHANNEL 
A): The serial data are 
shifted into the Receive 
Data input (RxDA) on the rising 
edge of the Receive Clock. 


RxDA 
34 
I 
RECEIVE 
DATA (CHANNEL 
A): This pin receives 
serial 
data from the communications 
channel 
(Channel A). 


SYNDETA 
33 
I/O 
SYNCHRONOUS 
DETECTION 
(CHANNEL 
A): This pin 
is used in byte synchronous 
mode as either an internal 
sync detect (output) or as a means to force external 
synchronization 
(input). In SDLC mode, this pin is an 
output indicating 
flag detection. 
In asynchronous 
mode it 
is a general purpose 
input (Channel 
A). 
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Table 1. Pin Description 
(Continued) 


Symbol 
Pin 
Type 
Name and Function 
No. 


ROYAl 
32 
0 
READY: 
In mode 0 this pin is RDY A and is used to 


RxDRQA 
synchronize 
data transfers 
between 
the processor 
and 
the MPSC (Channel A). In modes 1 and 2 this pin is 
RxDRQA and is used by the channel A receiver to 
request a DMA transfer. 


DTRA 
31 
0 
DATA TERMINAL 
READY (CHANNEL 
A): General 
purpose output. 


IPOI 
30 
0 
INTERRUPT 
PRIORITY 
OUT/TRANSMITTER 
DMA 


TxDRQB 
REQUEST 
(CHANNEL 
B): In modes 0 and 1,this pin is 
Interrupt 
Priority Out. It is used to establish 
a hardware 
interrupt 
priority scheme with fPi. It is low only if IPI is low 
and the controlling 
processor 
is not servicing 
an 
interrupt from this MPSC. In mode 2 it is TxDRQB and is 
used to request a DMA cycle for a transmit operation 
(Channel 
B). 


IPI! 
29 
1/0 
INTERRUPT 
PRIORITY 
IN/RECEIVER 
DMA 
RxDRQB 
REQUEST 
(CHANNEL 
B): In modes 0 and 1,IPI is 
Interrupt 
Priority In. A low on fPi means that no higher 
priority device is being serviced 
by the controlling 
processor's 
interrupt 
service routine. In mode 2 this pin 
is RxDRQB and is used to request a DMA cycle for a 
receive operation 
(Channel 
B). 


INT 
28 
0 
INTERRUPT: 
The interrupt signal indicates 
that the 
highest priority internal interrupt 
requires service (open 
collector). 
Priority can be resolved via an external 
interrupt controller 
or a daisy-chain 
scheme. 


INTA 
27 
I 
INTERRUPT 
ACKNOWLEDGE: 
This Interrupt 
Acknowledge 
signal allows the highest priority 
interrupting 
device to generate 
an interrupt vector. This 
pin must be pulled high (inactive) 
in non-vector 
mode. 


DTRB 
26 
0 
DATA TERMINAL 
READY (CHANNEL 
B): This is a 
general purpose output. 


Ao 
25 
I 
ADDRESS: 
This line selects Channel 
A or B during data 


, 
or command 
transfers. 
A low selects Channel 
A. 


A1 
24 
I'" 
ADDRESS: 
This line selects between 
data or command 
information 
transfer. 
A low means data. 


CS 
23 
I 
CHIP SELECT: 
This signal selects the MSPC and 
enables reading from or writing into registers. 


RD 
22 
I 
READ: Read controls 
a data byte or status byte transfer 
from the MPSC to the CPU. 


WR 
21 
I 
WF!ITE: Write controls 
transfer of data or commands 
to 
the MPSC. 
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Bisync), and Bit Synchronous (ISO's HOLC, IBM's 
SOLC) protocols. This controller's flexible architec- 
ture allows easy implementation of many variations 
of these three protocols with low software and hard- 
ware overhead. 


The Multi-Protocol Serial controller (MPSC) imple- 
ments two independent serial receiver/transmitter 
channels. 


The MPSC supports several microprocessor inter- 
face options: Polled, Wait, Interrupt driven and OMA 
driven. The MPSC is designed to support INTEL's 
MCS-85 and iAPX 86, 88, 186, 188 families. 


FUNCTIONAL 
DESCRIPTION 


Additional information on Asynchronous and Syn- 
chronous Communications with the 8274 is available 
respectively.in the Applications Notes AP 134 and 
AP 145. 


Command, parameter, and status information is 
stored in 21 registers within the MPSC (8 writable 
registers for each channel, 2 readable registers for 
Channel A and 3 readable registers for Channel B). 


In the following discussion, the writable registers will 
be referred to as WRO through WR7 and the read- 
able registers will be referred to as RRO through 
RR2. 


This section of the data sheet describes how the 
Asynchronous and Synchronous protocols are im- 
plemented in the MPSC.It describes general consid- 
erations, transmit operation, and receive operation 
for Asynchronous, Byte Synchronous, and Bit Syn- 
chronous protocols. 


on rate. IT me 
JfI. 1 
ClOCK 
mooe IS seiecteo, 
me on 
synchronization must be accomplished externally. 


2. Number of Stop Bits. This parameter is specified 
by bits 2 and 3 of WR4. The number of stop bits 
may be set to 1, 1%, or 2. 


3. Parity Selection. Parity may be set for odd, even, 
or no parity by bits 0 and 1 of WR4. 
4. Receiver Character Length. This parameter sets 
the length of received characters to 5, 6, 7, or 8 
bits. This parameter is specified by bits 6 and 7 of 
WR3. 
5. Receiver Enable. The serial-channel receiver op- 
eration may be enabled or disabled by setting or 
clearing bit 0 of WR3. 
6. Transmitter Character Length. This parameter 
sets the length of transmitted characters to 5, 6, 
7, or 8 bits. This parameter is specified by bits 5 
and 6 of WR5. Characters of less than 5 bits in 
length may be transmitted by setting the transmit- 
ted length to five bits (set bits 5 and 6 of WR5 to 
0). 
The MPSC then determines the actual number of 
bits to be transmitted from the character data 
byte. The bits to be transmitted must be right justi- 


, fied in the data byte, the next three bits must be 
set to 0 and all remaining bits must be set to 1. 
The following table illustrates the data formats for 
transmission of 1 to 5 bits of data. 


Byte Written 
Number of 
Bits Transmitted 


07 06 05 04 03 02 01 DO (Character Length) 
1 
1 
1 
1 
0 
0 
0 
c 
1 
1 
1 
1 
0 
0 
0 
c 
c 
2 
1 
1 
0 
0 
0 
c 
c 
c 
3 
1 
0 
0 
0 
c 
c 
c 
c 
4 
0 
0 
0 
c 
c 
c 
c 
c 
5 


7. Transmitter Enable. The serial channel transmit- 
ter operation may be enabled or disabled by set- 
ting or clearing bit 3 of WR5. 
8. Interrupt Mode. Specified by bits 3 and 4 of WR1. 
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For data transmission 
via a modem 
or RS-232-C 
in- 
terface, 
the following 
information 
must also be spec- 


ified: 


1. The Request 
To Send (RTS) (WRS; 01) and Oata 
Terminal 
Ready (OTR) (WRS; 07) bits must be set 
along with the Transmit 
Enable bit (WRS; 03). 


2. Auto 
Enable 
may be set to allow 
the 
MPSC 
to 
automatically 
enable 
the 
channel 
transmitter 
when the clear-to-send 
signal is active and to au- 
tomatically 
enable 
the receiver 
when the carrier- 
detect 
signal is active. 
However, 
the Transmit 
En- 
able bit (WR3; 03) and Receive 
Enable bit (WR3; 


01) must be set in order to use the Auto Enable 
mode. Auto Enable is controlled 
by bit S of WR3. 


When 
loading 
Initialization 
parameters 
into 
the 
MPSC, WR4 information 
must be written 
before the 
WR1, WR3, WRS parameters 
commands. 


Ouring initialization, 
it is desirable 
to guarantee 
that 
the 
external/status 
latches 
reflect 
the 
latest 
inter- 


face information. 
Since up to two state changes 
are 


internally 
stored 
by the 
MPSC, 
at least 
two 
Reset 
External/Status 
Interrupt 
commands 
must 
be 
is- 
sued. This procedure 
is most easily accomplished 
by 
simply 
issuing 
this 
reset 
command 
whenever 
the 
pointer 
register 
is set during initialization. 


An MPSC initialization 
procedure 
(MPSC$RX$INIT) 
for 
asynchronous 
communication 
is listed 
in Intel 
Application 
Note AP 134. 


TRANSMIT 


The transmit 
function 
begins when the Transmit 
En- 


able bit (WRS; 03) 
is set. The MPSC automatically 
adds the start 
bit, the programmed 
parity 
bit (odd, 


even or no parity) 
and the programmed 
number 
of 
stop bits (1, 1.S or 2 bits) to the data character 
being 
transmitted. 
1.5 stop bits option 
must be used with 
X16, X32 or X64 clock 
options 
only. The data char- 
acter is transmitted 
least significant 
bit first. 


The 
serial 
data 
are shifted 
out from 
the 
Transmit 
Oata (TxO) output on the falling edge of the Transmit 
Clock (TxC) input at a rate programmable 
to 1, ~6th, 
%2nd, or Y64th of the clock rate supplied 
to the TxC 
input. 


The 
TxO output 
is held 
high when 
the transmitter 
has no data to send, unless, under program 
control, 
the Send 
Break 
(WRS; 04) 
command 
is issued 
to 
hold the TxO low. 


If the External/Status 
Interrupt 
bit (WR 1; 00) is set, 
the status 
of CO, CTS and SYNOET 
are monitored 
and, if any changes 
occur for a period of time great- 
er than the minimum 
specified 
pulse width, an inter- 


rupt 
is generated. 
CTS is usually 
monitored 
using 
this interrupt 
feature 
(e.g., Auto Enable option). 


The Transmit 
Buffer 
Empty 
bit (RRO; 
02) is set by 
the 
MPSC 
when 
the 
data 
byte 
from 
the 
buffer 
is 
loaded 
in the transmit 
shift register. 
Oata should 
be 
written 
to the 
MPSC 
only when 
the Tx buffer 
be- 
comes 
empty to prevent 
overwriting. 


Receive 


The receive 
function 
begins 
when 
the Receive 
En- 


able (WR3; 00) bit is set. If the Auto Enable 
(WR3; 


OS) option 
is selected, 
then 
Carrier 
Oetect 
(CO) 
must also be low. A valid start bit is detected 
if a low 
persists 
for at least % bit time on the Receive 
Oata 
(RxO) input. 


The data 
is sampled 
at mid-bit 
time, 
on the 
rising 
edge of RxC, until the entire character 
is assembled. 
The 
receiver 
inserts 
1's when 
a character 
is less 
than 8 bits. If parity 
(WR4; 
00) 
is enabled 
and the 
character 
is less than 
8 bits 
the 
parity 
bit is not 
stripped 
from the character. 


Error Reporting 


The receiver 
also stores error status for each of the 
3 data characters 
in the data buffer. Three error con- 
ditions 
may be encountered 
during data reception 
in 
the asynchronous 
mode: 


1. Parity. If parity bits are computed 
and transmitted 
with each character 
and the MPSC is set to check 
parity (bit 0 in WR4 is set), a parity error will occur 
whenever 
the number 
of "1" 
bits within the char- 
acter (including 
the parity bit) does not match the 
odd/even 
setting 
of the parity check flag (bit 1 in 


WR4). When 
a parity error is detected, 
the parity 
error flag (RR1; 04) is set and remains 
set until it 
is reset by the Error Reset command 
(WRO; OS, 


04,03). 


2. Framing. 
A framing 
error will occur if a stop bit is 
not detected 
immediately 
following 
the parity bit (if 
parity checking 
is enabled) 
or immediately 
follow- 
ing the most-significant 
data bit (if parity checking 


is not enabled). 
When 
a Framing 
Error is detect- 
ed, the 
Framing 
Error 
bit (RR1; 
06) 
is set and 
remains 
set until reset 
by the Error Reset 
Com- 
mand 
(WRO; OS, 04, 
03). 
The 
detection 
of 
a 
Framing Error adds an additional % bit time to the 
character 
time so the Framing 
Error is not inter- 
preted as a new start bit. 


3. Overrun. 
If the CPU fails to read a data character 
while 
more than three 
characters 
have been 
re- 


ceived, 
the Receive 
Overrun 
bit (RR1; 05) is set. 


When this occurs, the fourth character 
assembled 
replaces 
the third character 
in the receive buffers. 


Only the overwritten 
character 
is flagged 
with the 
Receive 
Overrun 
bit. 
The 
Receive 
Overrun 
bit 
(RR1; 
OS) is reset by the Error Reset 
command 
(WRO; OS, 04, 03). 
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External/Status 
Latches 
ternal/Status 
interrupts (WRO; 05, 04, 03) will 
clear Break Detect and Carrier Detect bits if they 
are set. 
The MPSC continuously monitors the state of five 
external/ status conditions: 
1. CTS-dear-to-send 
input pin. 
2. CD--carrier-detect input pin. 


3. SYNDET-sync-detect 
input pin. This pin may be 
used as a general-purpose input in the asynchro- 
nous communication mode. 
4. BREAK-a 
break condition (series of space bits 
on the receiver input pin). 
5. TxUNDERRUN/EOM- Transmitter Underrun/ 
End of Message. 
A change of state in any of these monitored con- 
ditions will cause the associated status bit in RRO 
to be latched (and optionally cause an interrupt). 
If the External/Status Interrupt bit (WR1; DO) is 
enabled, Break Detect (RRO;07) and Carrier De- 
tect (RRO;03) will cause an 'interrupt. Reset Ex- 


Command, parameter, and status information is 
stored in 21 registers within the MPSC (8 writable 
registers for each channel, 2 readable registers for 
Channel A and 3 readable registers for Channel B). 
They are all accessed via the command ports. 


An internal pointer register selects which of the com- 
mand or status registers will be read or written dur- 
ing a commmand/status access of an MPSC chan- 
nel. 


After reset, the contents of the pointer registers are 
zero. The first write to a command register causes 
the data to be loaded into Write Register 0 (WRO). 
The three least significant bits of WRO are loaded 
into the Command/Status Pointer. The next read or 
write operation accesses the read or write register 
selected by the pointer. The pointer is reset after the 
read or write operation is completed. 


COMMAND/STATUS 
I 


POINTER l 
02 
0' ':--j 
w: 
° 
° 
: ° : 
I I 
R 
I 
'-'----1 w R 
I I 
R 
I 
o-Iw 
I I R 
2' 
I 
MSB 
LSB 
'-Iw 
I 


R•• d Regis'.'. 


o--jw 
I 
'-Iw 
I 
·C••••••• 
Bon/y 
.--jw 
I 
'--fw 
R 
I 
Mse 
LSe 


W,.•• Reglsl.,. 


170102-3 


Figure 3. Command/Status 
Register 
Architecture 
(each serial channel) 
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Asynchronous 
Mode Register 
Setup 


07 
06 
05 
04 
03 
02 
01 
00 


00 
Rx S b/char 
01 
Rx 7 b/char 
AUTO 
0 
0 
0 
0 
Rx 
WR3 
10 
Tx 6 b/char 
ENABLE 
ENABLE 
11 
Rx 8 b/char 


00 
X1 Clock 
EVEN/ 
PARITY 
WR4 
01 
X16 Clock 
0 
0 
01 
1 STOP BIT 
000 
ENABLE 
10 
X32 Clock 
10 
1% STOP BITS 
PARITY 
11 
X64 Clock 
11 
2 STOP BITS 


00 
Tx s S b/char 


WR5 
OTR 
01 
Tx 7 b/char 
SENO 
Tx 
0 
RTS 
0 
10 
Tx 6 b/char 
BREAK 
ENABLE 
11 
Tx 8 b/char 


SYNCHRONOUS' 
OPERATION- 
MONOSYNC, 
BISYNC 
Transmit Set-Up-Monosync, 
Bisync 


Transmit 
data is held high after channel 
reset, or if 
the transmitter 
is not enabled. 
A break may be pro- 
grammed 
to generate 
a spacing 
line. that begins 
as 
soon as the Send Break 
(WRS; 04) bit is set. With 
the transmitter 
fully initialized 
and enabled, 
the de- 
fault condition 
is continuous 
transmission 
of the 8- or 
16-bit sync character. 


General 


The MPSC must be initialized 
with the following 
pa- 
rameters: 
odd 
or even 
parity 
(WR4; 
01, 
00), 
X1 
clock mode (WR4; 07, 06),8- 
or 16-bit sync charac- 
ter 
(WR4; 
OS, 04), 
CRC 
polynomial 
(WR5; 
02), 
Transmitter 
Enable 
(WR5; 
03), 
interrupt 
modes 
(WR1, 
WR2), 
transmit 
character 
length 
(WRS; 06, 
05) 
and 
receive 
character 
length 
(WR3; 
07, 
06). 
WR4 parameters 
must be written before WR1, WR3, 
WR5, WR6 and WR7. 


Using 
interrupts 
for data transfer 
requires 
that 
the 
Transmit 
InterruptlOMA 
Enable 
bit (WR1; 
01) 
be 
set. An interrupt 
is generated 
each time the transmit 
buffer 
becomes 
empty. 
The interrupt 
can be satis- 
fied 
either 
by 
writing 
another 
character 
into 
the 
transmitter 
or by resetting 
the Transmitter 
Interrupti 
OMA Pending 
latch with a Reset Transmitter 
Inter- 
The data 
is transmitted 
on the falling 
edge 
of the 
Transmit 
Clock, 
(TxC) and is received 
on the rising 
edge of Receive 
Clock (RxC). The X1 clock is used 
for both transmit 
and receive operations 
for all three 
sync modes: 
Mono, Bi and External. 


Synchronous 
Mode Register 
Setup-Monosync, 
Bisync 


- 


07 
06 
05 
04 
03 
02 
01 
00 


0.0 
Rx 5 b/char 
ENTER 
SYNC 


WR3 
01' 
Rx 7 b/char 
AUTO 
HUNT 
RxCRC 
0 
CHAR 
Rx 
10 
Tx 6 b/char 
ENABLE 
MOOE 
ENABLE 
LOAO 
ENABLE 
11 . Rx 8 b/char 
INHIBIT 


00 
8 bit Sync 
EVEN/ 
PARITY 
WR4 
0 
0 
01 
16 bit Sync 
0 
0 
000 
ENABLE 
11 
Ext Sync 
PARITY 


00 
Tx ~ 5 b/char 
1 
WR5 
OTR 
01 
Tx 7 b/char 
SENO 
Tx 
(SELECTS 
'RTS 
TxCRC 
10 
Tx6 
b/char 
BREAK 
ENABLE 
ENABLE 
11 
Tx 8 b/char 
CRC-16) 
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ruptlOMA 
Pending Gommand 
(WRO; 05, 04, 03). If 
nothing 
more 
is written 
into the 
transmitter, 
there 
can be no further 
Transmit 
Buffer 
Empty 
interrupt, 
but this situation 
does 
cause 
a Transmit 
Underrun 
condition 
(RRO; 06). 


Data 
Transfers 
using the 
ROY signal 
are for soft- 
ware controlled 
data transfers 
such as block moves. 


ROY tells 
the GPU that 
the MPSG is not ready to 
accept/provide 
data and that the GPU must extend 
the output/input 
cycle. 
OMA data transfers 
use the 
TxORQ AlB 
signals which indicate 
that the transmit 
buffer 
is empty, 
and that the MPSG is ready to ac- 
cept the next data character. 
If the data character 
is 
not loaded 
into the MPSG by the time the transmit 
shift register 
is empty, 
the MPSG enters 
the Trans- 
mit Underrun 
condition. 


The MPSG has two programmable 
options 
for solv- 
ing the 
transmit 
underrun 
condition: 
it can 
insert 
sync characters, 
or it can send the GRG characters 
generated 
so far, followed 
by sync characters. 
Fol- 
lowing a chip or channel 
reset, the Transmit 
Under- 
run/EOM 
status 
bit (RRO; 06) 
is in a set condition 
allowing 
the insertion 
of sync characters 
when there 
is no data to send. 
The GRG is not calculated 
on 
these automatically 
inserted 
sync characters. 
When 
the GPU detects the end message, 
a Reset Transmit 
Underrun/EOM 
command 
can 
be issued. 
This 
al- 
lows GRG to be sent when 
the transmitter 
has no 
data to send. 


In the case of sync insertion, 
an interrupt 
is generat- 
ed only 
after 
the 
first 
automatically 
inserted 
sync 
character 
has 
been 
loaded 
in the 
Transmit 
Shift 
Register. 
The status 
register 
indicates 
the Transmit 
Underrun/EOM 
bit and the Transmit 
Buffer 
Empty 
bit are set. 


In the case 
of GRG insertion, 
the Transmit 
Under- 


run/EOM 
bit is set and the Transmit 
Buffer Empty bit 
is reset 
while 
GRG is being 
sent. 
When 
GRG has 
been 
completely 
sent, 
the 
Transmit 
Buffer 
Empty 
status bit is set and an interrupt 
is generated 
to indi- 
cate 
to the GPU that 
another 
message 
can begin 
(this interrupt 
occurs 
because 
GRG has been sent 
and sync has been loaded 
into the Tx Shift 
Regis- 
ter). If no more 
messages 
are to be sent, the pro- 
gram can terminate 
transmission 
by resetting 
RTS, 
and disabling 
the transmitter 
(WR5; 03). 


Bisync CRC Generation. 
Setting the Transmit 
GRG 
enable 
bit (WR5; 
DO) indicates 
GRG accumulation 
when the program 
sends the first data character 
to 
the MPSG. Althouqhthe 
MPSG automatically 
trans- 
mits up to two 
sync 
characters 
(16 bit sync), 
it is 
wise to send a few more sync characters 
ahead 
of 
the message 
(before enabling 
Transmit 
GRG) to en- 
sure synchronization 
at the receiving 
end. 


The Transmit 
GRG Enable 
bit can be changed 
on 
the fly any time in the message 
to include or exclude 
a particular 
data character 
from GRG accumulation. 


The Transmit 
GRG Enable 
bit should 
be in the de- 
sired state 
when 
the data character 
is loaded 
into 
the transmit 
shift 
register. 
To ensure 
this bit in the 
proper 
state, the Transmit 
GRG Enable 
bit must be 
issued 
before 
sending 
the 
data 
character 
to 
the 
MPSG. 


Transmit 
Transparent 
Mode. 
Transparent 
mode 
(Bisync 
protocol) 
operation 
is made possible 
by the 
ability 
to change 
Transmit 
GRG Enable 
on the fly 
and by the additional 
capability 
of inserting 
16 bit 
sync characters. 
Exclusion 
of OLE characters 
from 
GRG calculation 
can be achieved 
by disabling 
GRG 
calculation 
immediately 
preceding 
the OLE charac- 


ter transfer to the MPSG. 


In the transmit 
mode, the transmitter 
always 
sends 
the programmed 
number of sync bits (8 or 16) (WR4; 
05, 04). When in the Monosync 
mode, the transmit- 
ter 
sends 
from 
WR6 
and 
the 
receiver 
compares 
against WR7. One or two GRG polynomials, 
GRG 16 
or SOLG, may be used with synchronous 
modes. 
In 
the transmit 
initialization 
process, 
the GRG genera- 
tor is initialized 
by setting 
the Reset 
Transmit 
GRG 
Generator 
command 
(WRO; 07, 06). 


The External/Status 
interrupt 
(WR1; 
DO) mode can 
be used to monitor 
the status 
of the GTS input as 
well as the Transmit 
Underrun/EOM 
latch. Optional- 
ly, the Auto Enable 
(WR3; 05) feature 
can be used 
to enable 
the transmitter 
when 
GTS is active. 
The 
first data transfer 
to the MPSG can begin when the 
External/Status 
interrupt 
(GTS (RRO; 05) 
status 
bit 
set) occurs tollowing 
the Transmit 
Enable command 
(WR5; 03). 


Receive 


After 
a channel 
reset, 
the 
receiver 
is in the 
Hunt 
phase, 
during which 
the MPSG looks 
for character 
synchronization. 
The Hunt begins only when the re- 
ceiver is enabled 
and data transfer 
begins only when 
character 
synchronization 
has 
been 
achieved. 
If 
character 
synchronization 
is lost, the hunt phase can 
be re-entered 
by writing the Enter Hunt Phase (WR3; 


04) 
bit. The 
assembly 
of received 
data 
continues 
until the MPSG is reset or until the receiver 
is dis- 
abled (by command 
or by GO while in the Auto En- 
ables 
mode) 
or until the GPU sets the 
Enter 
Hunt 
Phase 
bit. Under 
program 
control, 
all the 
leading 
sync 
characters 
of the 
message 
can 
be inhibited 
from loading the receive 
buffers 
by setting the Sync 
Gharacter 
Load Inhibit (WR3; 01) bit. After"character 
synchronization 
is achieved 
the assembled 
charac- 
ters are transferred 
to the receive 
data FIFO. After 
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receiving the first data character, the Sync Charac- 
ter Load Inhibit bit should be reset to zero so that all 
characters are received, including the sync charac- 
ters. This is important because the received CRC 
may look like a sync character and not get received. 


Data may be transferred with or without interrupts. 
Transferring data without interrupts is used for a 
purely polled operation or for off-line cpnditions. 
There are two interrupt modes available for data 
transfer: Interrupt on First Character Only and Inter- 
rupt on Every Character. 


Interrupt on First Character Only mode is normally 
used to start a polling loop, a block transfer se- 
quence using ROY to synchronize the CPU to the 
incoming data rate, or a OMA transfer using the 
RxORQ signal. The MPSC interrupts on the first 
character and thereafter only interrupts after a Spe- 
cial Receive Condition is detected. This m6de can 
be reinitialized using the Enable Interrupt On Next 
Receive Character (WRO; 05, 04, 03) command 
which allows the next character received to gener- 
ate an interrupt. Parity Errors do not cause inter- 
rupts' but End of Frame (SOLC operation) and Re- 
ceive Overrun do cause interrupts in this mode. If 
the external status interrupts (WR1; DO)are enabled 
an interrupt may be generated any time the CD 
changes state. 


Interrupt On Every Character mode generates an in- 
terrupt whenever a character enters the receive 
buffer. Errors and Special Receive Conditions gener- 
ate a special vector if the Status Affects Vector 
(WR1B; 02) is selected. Also the Parity Error may be 
programmed (WR1; 04, 03) not to generate the spe- 
cial vector while in the Interrupt On Every Character 
mode. 


modes. The Special Receive Condition interrupt is 
caused by the Receive Overrun (RR1; 05) error con- 
dition. The error status reflects an error in the cur- 
rent word in the receive buffer, in addition to any 
Parity or Overrun errors since the last Error Reset 
(WRO;05, 04, 03). The Receive Overrun and Parity 
error status bits are latched and can only be reset by 
the Error Reset (WRO;05, 04, 03) command. 


The CRC check result may be obtained by checking 
for CRC bit (RR1; 06). This bit gives the valid CRC 
result 16 bit times after the second CRC byte has 
been read from the MPSC.After reading the second 
CRC byte, the user software must read two more 
characters (may be sync characters) before check- 
ing for CRC result in RR1. Also for proper CRC com- 
putation by the receiver, the user software must re- • 
set the Receive CRC Checker (WRO;07, 06) after 
receiving the first valid data character. The receive 
CRC Enable bit (WR3; 03) may also be enabled at 
this time. 


SYNCHRONOUS 
OPERATION-SOLC 


General 


Like the other synchronous operations the SOLC 
mode must be initialized with the following parame- 
ters: SOLC mode (WR4; 05, 04), SOLC polynomial 
(WR5; 02), Request to Send, Data Terminal Ready, 
transmit character length (WR5; 06, 05), interrupt 
modes (WR1; WR2), Transmit Enable (WR5; 03), 
Receive Enable (WR3; DO),Auto Enable (WR3; 05) 
and External/Status Interrupt (WR1; DO).WR4 pa- 
rameters must be written before WR1, WR3, WR5, 
WR6 and WR7. 


The Special Receive Condition interrupt can only oc- 
The Interrupt modes for SOLC operation are similar 
cur while in the Receive Interrupt On First Character 
to those discussed previously in the synchronous 
Only or the Interrupt On Every Receive Character 
operations section. 


Synchronous 
Mode Register 
Setup-SOLC/HOLC 


07 
06 
05 
04 
03 
02 
01 
00 


00 Rx 5 b/char 
ENTER 
Rx 
ADDRESS 
01 Rx 7 b/char 
AUTO 
WR3 
10 Rx6 b/char 
ENABLES 
HUNT 
CRC 
SEARCH 
0 
Rx 


11 Rx 8 b/char 
MODE 
ENABLE 
MODE 


1 
0 
WR4 
0 
0 
(SELECTSSOLC/ 
0 
0 
0 
0 
HOLCMOOE) 


00 Tx ::;;5 b/char 
0 
Tx 
WR5 
OTR 
01 Tx 7 b/char 
SEND 
Tx 
(SELECTS 
RTS 
CRC 
10 Tx 6 b/char 
BREAK 
ENABLE 
SOLC/HOLC 
11 Tx 8 b/char 
CRG) 
ENABLE 
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After a channel reset, the MPSC begins sending 
SOLC flags. 


Following the flags in an SOLC operation the 8-bit 
address field, control field and information field may 
be sent to the MPSC by the microprocessor. The 
MPSC transmits the Frame Check Sequence using 
the Transmit Underrun feature. The MPSC automati- 
cally inserts a zero after every sequence of 5 con- 
secutive 
1's except when transmitting 
Flags or 
Aborts. 


SOLC-like 
protocols do not have provision for .fill 
characters within a message. The MPSC therefore 
automatically terminates an SOLC frame when the 
transmit data buffer and output shift register have no 
more bits to send. It does this by sending the two 
bytes of CRC and then one or more flags. This al- 
lows very high-speed transmissions under OMA or 
CPU control without requiring the CPU to respond 
quickly to the end-of-message situation. 


After a reset, the Transmit Underrun/EOM status bit 
is in the set state and prevents the insertion of CRC 
characters during the time there is no data to send. 
Flag characters are sent. The MPSC begins to send 
the frame when data is written into the transmit buff- 
er. BetWeen the time the first data byte is written, 
and the end of the message, the Reset Transmit 
Underrun/EOM (WRO; 07, 06) command must be 
issued. The Transmit Underrun/EOM 
status bit 
(RRO; 06) is in the reset state at the end of the 
message which automatically sends the CRC char- 
acters. 
. 


The MPSC may be programmed to issue a Send 
Abort command (WRO;05, 04, 03). This command 
causes at least eight 1's but less than fourteen 1's to 
be sent before the line reverts to continuous flags. 


Receive 


After initialization, the MPSC enters the Hunt phase, 
and remains in the Hunt phase until the first Flag is 
received. The MPSC never again enters the Hunt 
phase unless the microprocessor writes the Enter 
Hunt command. The MPSC will also detect flags 
separated by a single zero. For example, the bit pat- 
tern 011111101111110 
will be detected as two 
flags. 


The MPSCcan be programmed to receive all frames 
or it can be programmed to the Address Search 
Mode. In the Address Search Mode, only frames 
with addresses that match the value in WR6 or the 
global address (OFFH) are received by the MPSC. 
Extended address recognition must be done by the 
microprocessor software. 


The control and information fields are received as 
data. 


SOLC/HOLC CRC calculation does not have an 8- 
bit delay, since all characters are included in the cal- 
culation, unlike Byte Synchronous Protocols. 


Reception of an abort sequence (7 or more 1's) will 
cause the Break/Abort bit (RRO;07) to be set and 
will cause an External/Status interrupt, if enabled. 
After the Reset External/Status 
Interrupts Com- 
mand has been issued, a second interrupt will occur 
at the end of the abort sequence. 


MPSC 


Detailed Command/Status 
Description 


GENERAL 


The MPSC supports an extremely flexible set Cifseri- 
al and system interface modes. 


The system interface to the CPU consists of 8 ports 
or buffers: 


CS At 
Ao 
Read Operation 
Write Operation 


0 
0 
0 
Ch. A Data Read 
Ch. A Data Write 
0 
1 
0 
Ch, A Status 
Read 
Ch. A Command/Parameter 
0 
0 
1 Ch. B Data Read 
Ch. B Data Write 
0 
1 
1 Ch. B Status 
Read en B Command/Parameter 
1 
X 
X 
High Impedance 
High Impedance 


Oata buffers are addressed by A1 = 0, and Com- 
mand ports are addressed by A1 = 1. 


COMMAND/STATUS 
DESCRIPTION 


The following command and status bytes are used 
during initialization and execution phases of opera- 
tion. All Command/Status operations on the two 
channels are identical, and independent, except 
where noted. 
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Detailed Register Description 


Write Register 
D (WRD): 


COMMAND/STATUS 
POINTER 


REGISTER 
POINTEA 


o 
o 


1 


1 
o 


NULL 
CODE 


SEND 
ABORT 
(SOLC) 


RESET 
EXl/STATUS 
INTERRUPTS 


CHANNEL 
RESET 


ENABLE 
INTERRUPT 
ON NEXT 
RlI: 


CHARACTER 


RESET 
TaiNT/OM" 
PENDING 


ERROR 
RESET 
END OF INTERRUPT' 


·Ch.nneI A only 


-'---- 
r 
0 
0 1 


o 


1 


1 


NULL 
CODE 


REseT 
Rx CRe 
CHECKER 


RESET 
Ta CAe 
GENERATOR 


RESET 
Ta UNDERRUNJEOM 
LATCH 
170102-4 


WRD 


02, 01, OO-Command/Status 
Register 
Pointer bits 
determine 
which write-register 
the next byte is to be 
written 
into, or which read-register 
the next byte is to 
be read from. After 
reset, the first byte written 
into 
either 
channel 
goes 
into WRO. Following 
a read or 
write 
to any register 
(except 
WRO) the pointer 
will 
point to WAD. 


05, 04, 03-Command 
bits determine 
which 
of the 
basic seven commands 
are to be performed. 


Command 
0 
Null-has 
no effect. 


Command 
1 
Send 
Abort-causes 
the generation 
of eight 
to thirteen 
1's when 
in the 
SOLC mode. 


Command 
2 


Command 
3 


Command 
4 


Command 
5 


Command 6 


Command 
7 


07,06 
00 
01 


10 


11 
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Reset 
External/Status 
Interrupts- 


resets the latched 
status bits of RRO 


and re-enables 
them, 
allowing 
inter- 


rupts to occur again. 


Channel 
Reset-resets 
the 
Latched 


Status bits of RRO, the interrupt 
prior- 


itization logic and all control 
registers 


for the 
channel. 
Four 
extra 
system 


clock 
cycles 
should 
be allowed 
for 


MPSC reset time before any addition- 
al commands 
or controls 
are written 


into the channel. 


Enable 
Interrupt 
on 
Next 
Receive 


Character-if 
the 
Interrupt 
on 
First 


Receive 
Character 
mode is selected, 


this command 
reactivates 
that mode 


after 
each 
complete 
message 
is re- 2 


ceived 
to prepare 
the MPSC for the 


next message. 


Reset 
Transmitter 
InterruptlOMA 


Pending-if 
The 
Transmit 
Interrupti 


OMA 
Enable 
mode 
is selected, 
the 


MPSC automatically 
interrupts 
or re- 


quests 
OMA data transfer 
when 
the 


transmit 
buffer 
becomes 
empty. 


When 
there 
are no more characters 


to be sent, issuing this command 
pre- 


vents further 
transmitter 
interrupts 
or 


OMA requests 
until the next charac- 


ter has been completely 
sent. 


Error 
Aeset-error 
latches, 
Parity 


and Overrun 
errors in RA1 are reset. 


End 
of 
Interrupt-resets 
the 
inter- 


rupt-in-service 
latch 
of the 
highest- 


priority 
internal 
device 
under service. 


CRC Reset Code. 


Null-has 
no effect. 


Reset 
Receive 
CRC 
Checker-re- 


. sets 
the 
CRC 
checker 
to 
O's. If in 


SOLC mode the CAC checker 
is ini- 


tialized to all 1'so 


Reset Transmit 
CRC Generator-re- 


sets the CAC 
generator 
to O's. If in 


SOLC mode the GAC generator's 
ini- 


tialized to all 1'so 


Reset Tx Underrun/End 
of Message 


Latch. 
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Write 
Register 
1 (WR1): 


MSR 
LSB 


1071061 
OSlo.: 
031 
021 01100 I 
~ 
I 
EXl 
INTERRUPT 


ENABLE 


- 
T_INTERRUPTI 


DMA 
ENABLE 


1 
VARIABLE 
STATUS AFFECTS 
VECTOR 


VECTOR 
(CH B ONL V) 
0- 
FIXED 
(NULL 
CODE CH 
A) 
VECTOR 


~ 


0 
0 
R.INTIDMA 
DISABLE 


0 
1 
AxlNl 
ON FIRST 
CHAR 
OR SPECIAL 
CONDITION 
1 
0 
INT ON ALL R. CHAR 
(PARITY 
AFFECTS 
VECTOR) 
OR SPECIAL 
CONDITION 
1 
1 
INT ON ALL Rx CHAR 
(PARITY 
DOES 


1 


NOT 
AFFECT 
VECTOR) 
OR SPECIAL 
CONDITION 


, 
1 :: WAIT ON Rx, 0 ~ WAIT ON ,.. 


MUST 
BE ZERO 


WAIT ENABLE 
1 
ENABLE. 
0 
DISABLE 


170102-5 


WR1 
DO 
External/Status 
Interrupt 
Enable-al- 
lows interrupt 
to occur 
as the result 
of 
transitions 
on 
the 
CO, 
CTS 
or 
SYNOET 
inputs. 
Also 
allows 
inter- 
rupts as the result of a Break/Abort 
detection 
and termination, 
or at the 
beginning 
of CRC, or sync character 
transmission 
when the Transmit 
Un- 
derrun/EOM 
latch becomes 
set. 


01 
Transmitter 
InterruptlOMA 
Enable- 


allows 
the 
MPSC to interrupt 
or re- 
quest 
a 
OMA 
transfer 
when 
the 
transmitter 
buffer becomes 
empty. 


02 
Status Affects 
vector-(WR1, 
02 ac- 
tive 
in channel 
B only.) 
If this bit is 
not 
set, 
then 
the 
fixed 
vector, 
pro- 
grammed 
in WR2, 
is returned 
from 
an interrupt 
acknowledge 
sequence. 
If the 
bit if set then 
the 
vector 
re- 
turned 
from 
an 
interrupt 
acknowl- 
edge is variable 
as shown 
in the In- 
terrupt 
Vector 
Table. 


04,03 
o 
0 
o 
1 


o 


05 


06 
07 


WR2 


01, DO 


o 
0 


o 


o 


1 
1 


02 


o 


05,04,03 
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Receive 
Interrupt 
Mode. 


Receive 
Interrupts/OMA 
Disabled. 


Receive 
Interrupt 
on First Character 
Only or Special 
Condition. 


lnterrupt 
on All 
Receive 
Characters 
or Special 
Condition 
(Parity Error is a 
Special 
Receive 
Condition). 


Interrupt 
on All 
Receive 
Characters 
or Special 
Condition 
(Parity 
Error 
is 
not a Special 
Receive 
Condition) .. 


Wait 
on 
Receive/Transmit-when 
the following 
conditions 
are met the 
ROY pin is activated, 
otherwise 
it is 
held in the High-Z state. (Conditions: 
Interrupt 
Enabled 
Mode, 
Wait 
En- 
abled, CS = 0, AO = 0/1, 
and A1 = 
0). The 
ROY pin is pulled 
low when 
the transmitter 
buffer is full or the re- 
ceiver buffer is empty and it is driven 
High when 
the 
transmitter 
buffer 
is 
empty 
or the 
receiver 
buffer 
is full. 


The ROY A and ROYs 
may be wired 
OR connected 
since only one signal 
is active 
at anyone 
time 
while 
the 
other is in the High Z state. 


Must be Zero. 


Wait Enable-enables 
the wait func- 
tion. 
Channel A Only 


System 
Configuration-These 
speci- 
fy the data transfer 
from MPSC chan- 
nels to the 
CPU, either 
interrupt 
or 
OMA based. 


Channel 
A and Channel 
B both 
use 
interrupts. 


Channel 
A 
uses 
OMA, 
Channel 
B 
uses interrupts. 


Channel 
A and Channel 
B both 
use 
OMA. 


Illegal Code. 


Priority-this 
bit specifies 
the relative 
priorities 
of the internal 
MPSC inter- 
ruptlOMA 
sources. 


(Highest) 
RxA, TxA, RxB, TxB, ExTA, 
ExTB (Lowest). 


(Highest) 
RxA, RxB, TxA, TxB, ExTA, 
ExTB (Lowest). 


Interrupt 
Code-specifies 
the behav- 
ior of the MPSC when it receives 
an 
interrupt 
'acknowledge 
sequence 
from the CPU. (See Interrupt 
Vector 
Mode Table.) 


inter 
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o x x 


o 
0 


Non-vectojed 
interrupts-intended 
for use with external DMA CON- 
TROLLER. The Data Bus remains in 
a high impedance state during INTA 
sequences. 
8085 Vector Mode 1-intended 
for 
use as the primary MPSC in a daisy 
chained priority structure. (See Sys- 
tem Interface section). 
06 
07 


Write Register 2 (WR2): Channel A Only 


o 
1 


o 


8085 Vector Mode 2-intended 
for 
use as any secondary MPSC in a dai- 
sy chained priority structure. (See 
System Interface section). 


8086/88 Vector Mod~intended 
for 
use as either a primary or secondary 
in a daisy chained priority structure. 
(See System Interface section). 


Must be zero. 
zero Pin 10 = R"fSB 
one Pin 10 = SYNDETB 


MSB 
LSB 


BOTH INTERRUPT 


PRIORITY 
R,A 
R,B 
T,A 
T'B 
EXTA" 
EXTB" 


PRIORITY 
R'A 
T'A 
R'B 
T'B 
EXTA" 
EXTB" 
~ 


0 
0 
8085 MODE 
1 


0 
8085 MODE 
2 


0 
8086/88 
MODE 


ILL£GAL 


1 
VECTOREDINTERRUPT 


A DMA. 
B INT 


BOTHDMA 


ILLEGAL 


o 
NON VECTORED 
INTERRUPT 


MUST 
BE ZERO 


1 
PIN 10 
SYNDET 
B 


o 
PIN 10 
RTSB 
170102-6 


NOTE: 
'External 
Status 
Interrupt 
only if EXT Interrupt 
Enable 
(WR1; 
DO) is set. 
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The following 
table describes 
the MPSC's 
response 
to an interrupt 
acknowledge 
sequence: 


D5 
04 
D3 
IPI 
MODE 
INTA 
Data Bus 


0 
X 
X 
X 
Non-vectored 
AnylNTA 
07 
DO 
High Impedance 


1st INTA 
1 
1 
0 
0 
1 
1 
0 
1 


1 
0 
0 
0 
85 Mode 1 
2nd INTA 
V7 
V6 
V5 
V4" 
V3" 
V2" 
V1 
VO 
3rd INTA 
0 
0 
0 
0 
0 
0 
0 
0 


1st INTA 
1 
1 
0 
0 
1 
1 
0 
1 
1 
0 
0 
1 
85 Mode 1 
2nd INTA 
High Impedance 
3rd INTA 
High Impedance 


1 
1 
0 
0 
86 Mode 
1st INTA 
High Impedance 


I 
2nd INTA 
V7 
V6 
V5 
V4 
V3 
V2" 
V1" 
VO" 


1st INTA 
High Impedance 
1 
0 
1 
0 
85 Mode 2 
2nd INTA 
V7 
V6 
V5 
V4" 
V3" 
V2" 
V1 
VO 
3rd INTA 
0 
0 
0 
0 
0 
0 
0 
0 


1st INTA 
High Impedance 
1 
0 
1 
1 
85 Mode 2 
2nd INTA 
High Impedance 
3rd INTA 
High Impedance 
• 


1 
1 
0 
1 
86 Mode 
1st INTA 
High Impedance 
2nd INTA 
High Impedance 


NOTE: 
'These 
bits are variable 
if the "status 
affects 
vector" 
mode 
has been programmed, 
(WR1 S, 02). 


Interrupt/DMA 
Mode, 
Pin Functions, 
and Priority 


Pin Functions 
IntlDMA 
Ch.AWR2 
Mode 
RDYAI 
RDYBI 
PIPI 
IPOI 
PriorIty 


RxDRQA 
TxDRQA 
RxDRQB 
TxDRQB 


D2 
D1 
Do 
CH.A 
CH.B 
Pin 32 
Pin 11 
Pin 29 
Pin 30 
Highest 
Lowest 


0 
0 
0 
INT 
INT 
RoYA 
Roys 
jj5j 
IPO 
RxA,TxA,RxB,TxB,EXTA,EXTs 


1 
0 
0 
INT 
INT 
RxA,RxB,TxA,TxB,EXTA, 
EXTs 


0 
0 
1 
oMA 
RxA, TxA (oMA) 


INT 
RxoRQA 
TxoRQA 
jj5j 
IPO 
RxA(1), RxB, TxB, EXT A, EXT S (INT) 


1 
0 
1 
oMA 
RxA, TxA (oMA) 


INT 
RxA(1), RxB, TxB, EXT A, EXT a (INT) 


0 
1 
0 
oMA 
oMA 
RxA, TxA, RxB, TxB (oMA) 


RxoRQA 
TxoRQA 
RxoRQs 
TxoRQs 
RxA(1), RxB(1), EXTA, EXTs, (iNT) 


1 
1 
0 
oMA 
oMA 
RxA, RxB, TxA, TxB, (oMA) 
RxA(1), RxB(1), EXTA, EXT a (INT) 


NOTE: 
1. Special 
Receive 
Condition 
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Interrupt 
Vector 
Mode Table 


8085 Modes 
V4 
V3 
V2 
Channel 
Condition 
8086/88 Mode 
V2 
V1 
Vo 


0 
0 
0 
B 
Tx Buffer Empty 
0 
0 
1 
Ext/Status 
Change 
0 
1 
0 
Rx Char. Available 
0 
1 
1 
Special 
Rx Condition 
(Note 1) 


1 
0 
0 
A 
Tx Buffer Empty 
1 
0 
1 
ExtlStatus 
Change 
1 
1 
0 
Rx Char. Available 
1 
1 
1 
Special 
Rx Condition 


, 
(Note 1) 


NOTE: 
1. Special 
Receive 
Condition 
= Parity Error, Rx Overrun 
Error, Framing 
Error, End of Frame 
(SDLC). 


Write 
Register 
2 (WR2): Channel 
B 
WR2. CHANNEL 
B 
07-00 
Interrupt 
vector-This 
register 
con- 


tains the value of the interrupt 
vector 
placed 
on the data bus during 
inter- 


rupt acknowledge 
sequences. 


MSB 
LSB 
In:~:~:~:~:~: 
~:~I 
L-.. 
Vector 
170102-7 


Write 
Register 
3 (WR3): 


R. ENABLE 


SYNCCHARLOADINHIBIT 


L-----ADDR 
SRCHMOOE(SDLC) 


'-------R. 
CRCENABLE 


'---------ENTER 
HUNTMODE 


'-----------AUTO 
ENABLES 


o 
R. 5BITS/CHAR 


R. 7BITS/CHAR 


R•• BITs/CHAR 
170102-8 
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WR3 
00 


01 


02 


03 


04 


05 


07,06 
o 
0 
o 
1 
1 
0 


1 
1 


WR4 
00 


Receiver 
Enable-A 
one enables 
the 
receiver 
to begin. This bit should 
be 
set only after the receiver 
has been 
initialized. 


Sync Character 
Load Inhibit-A 
one 
prevents 
the 
receiver 
from 
loading 
sync characters 
into the receive buff- 
ers. In SOLC, this bit must be zero. 


Address 
Search 
Mode-If 
the SOLC 
mode has been selected, 
the MPSC 
will receive 
all frames 
unless 
this bit 
is a 1. If this bit is a 1, the MPSC will 
receive 
only 
frames 
with 
address 
(OFFH) or the value loaded into WR6. 
This 
bit must 
be zero 
in non-SOLC 
modes. 


Receive 
CRC Enable-A 
one in this 
bit enables 
(or re-enables) 
CRC cal- 
culation. 
CRC calculation 
starts 
with 
the last character 
placed 
in the Re- 
ceiver 
FIFO. 
A zero 
in this 
bit dis- 
ables, but does not reset, the Receiv- 
er CRC generator. 


Enter 
Hunt 
Phase-After 
initializa- 
tion, the MPSC automatically 
enters 
the' Hunt mode. 
If synchronization 
is 
lost, 
the 
Hunt 
phase 
can 
be re-en- 
tered by writing a one to this bit. 


Auto 
Enable-A 
one 
written 
to this 
bit causes CO to be automatic 
enable 
signal for the receiver 
and CTS to be 
an automatic 
enable 
signal 
for 
the 
transmitter. 
A zero written 
to this bit 
limits the effect 
of CO and CTS sig- 
nals to setting/resetting 
their 
corre- 
sponding 
bits 
in the 
status 
register 
(RRO). 


Receive 
Character 
length 


Receive 
5 Oata bits/character 


Receive 
7 Oata bits/character 


Receive 
6 Oata bits/ character 


Receive 
8 Oata bits/character 


Parity-A 
one in this bit causes a par- 
ity 
bit 
to 
be 
added 
to 
the 
pro- 
grammed 
number 
of 
data 
bits 
per 
character 
for 
both 
the 
transmitted 
and received 
character. 
If the MPSC 
is programmed 
to receive 
8 bits per 
character, 
the parity bit is not trans- 
ferred 
to 
the 
microprocessor. 
With 
other 
receiver 
character 
lengths, 
the 
parity bit is transferred 
to the micro- 
processor. 


MSB 


Write Register 
4 (WR4): 


1 = ENABLE 
PARITY 
o = DISABLE 
PARITY 


1 = EVEN PARITY 
o - ODD PARITY 


o 
0 
ENABLE 
SYNC 
MODES 


o 
1 
1 STOP 
BIT 


1 
0 
1.5 STOP 
BITS 


1 
1 
2 STOP 
BITS 


o 
0 
8BITSYNCCHAR 


o 
1 
16 BIT SYNC CHAR 


o 
SOLClHOLC 
MODE (0111111 0) FLAG 


1 
EXTERNAL 
SYNC 
MODE 


o 
0 
X1 CLOCK 


o 
1 
X16 CLOCK 


1 
0 
X32 CLOCK 


1 
1 
X64CLOCK 


01 
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03,02 
o 
0 
o 
1 
1 
0 
1 
1 
05,04 
o 
0 
o 
1 
1 
0 
1 
1 


07,06 
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Even/Odd 
Parity-If 
parity 
is 
en- 
abled, 
a one 
in this 
bit causes 
the 
MPSC to transmit 
and expect 
even 
parity, 
and a zero causes 
it to send 
and expect 
odd parity. 


Stop bits/sync 
mode 


Selects 
synchronous 
modes 


Async 
mode, 
1 stop bit! character 


Async mode, 1% stop bits/character 


Async 
mode, 2 stop bits/ character 


Sync mode select 


8-bit sync character 


16-bit sync character 


SOLC mode (Flag sync) 


External 
sync mode 


Clock Mode-Selects 
the clock/data 
rate 
multiplier 
for 
both 
the 
receiver 
and the transmitter. 
1x mode must be 
selected 
for synchronous 
modes. 
If 
the 1x mode is selected, 
bit synchro- 
nization 
must be done externally. 
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o 
0 
Clock rate = Data rate x 1 
o 
1 
Clock rate = Data rate x 16 


1 
0 
Clock rate = Data rate x 32 


1 
1 
Clock rate = Data rate x 64 


Write Register 
S (WRS): 


MSB 
LSB 


1071 
DB 
051 
04 
1 03 
1 02 
1 01 
1 DO I 


L 


_RT 


SO 


TlC 


SE 


0 
0 
T. 5 BITS 
OR LESS/CHAR 


0 
1 
TlC 7 BITS/CHAR 


1 
0 
TlC 6 BITS/CHAR 


1 
1 
TlC 8 BITS/CHAR 


OT 


CRCENABLE 


S 


LClCRC-18 
(CRC 
MODE) 


ENABLE 


NO BREAK 


R 
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WRS 
DO 
Transmit 
CRC Enable-A 
one in this 
bit enables 
the transmitter 
CRC gen- 
erator. 
The CRC calculation 
is done 
when a character 
is moved 
from the 
transmit 
buffer 
into the shift register. 
A zero in this bit disables 
CRC calcu- 
lations. 
If this 
bit is not set when 
a 
transmitter 
underrun occurs, the CRC 
will not be sent. 


01 


02 


03 


04 


06,05 
o 
0 
o 
1 
1 
0 
1 
1 


Request 
to Send-A 
one 
in this 
bit 
forces 
the RTS pin active 
(Iow) and 
zero in this bit forces 
the RTS pin in- 
active (high). 


CRC Select-A 
one in this bit selects 
the CRC-16 
polynomial 
(X16 + X15 
+ X2 + 1) and a zero in this bit se- 
lects the CCITT-CRC 
polynomial 
(X16 
+ X12 + X5 + 1). In SOLC mode, 
CCITT-CRC 
must be selected. 


Transmitter 
Enable-A 
zero in this bit 
forces 
a marking 
state 
on the trans- 
mitter output. 
If this bit is set to zero 
during 
data or sync character 
trans- 


mission, the marking 
state is entered 
after the character 
has been sent. 
If 
this bit is set to zero during transmis- 
2 
sion of a CRC character, 
sync or flag 
bits are substituted 
for the remainder 
of the CRC bits. 


Send Break-A 
one in this bit forces 
the transmit 
data low. A zero in this 
bit allows 
normal 
transmitter 
opera- 
tion. 


Transmit 
Character 
length 


Transmit 
1-5 
bits/character 


Transmit 
7 bits/character 


Transmit 
6 bits/character 


Transmit 8 bits/character 


Bits to be sent must be right justified 
least significant 
bit first, e.g.: 
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07 
06 
05 
04 
03 
02 
01 
DO 
o 
0 
B5 
B4 
B3 
B2 
B1 
BO 


07 Data Terminal 
Ready-WhEln 
set, this bit forces 
the 
OTR pin active 
(Iow). 
When 
reset, 
this 
bit 
forces 
the OTR pin inactive 
(high). 


Sends one data bit 
Sends two data bits 
Sends three elata bits 
Sends four data bits 
Sends five data bits 


Five or less mode allows transmission 
of one to five bits per character. 
The 
microprocessor 
must format the data in the following 
way: 
07 
06 
05 
04 
03 
02 
01 
DO 
1 
1 
1 
1 
0 
0 
0 
BO 
1 
1 
1 
0 
0 
0 
B1 
BO 
1 
1 
0 
0 
0 
B2 
B1 
BO 
1 
0 
0 
0 
B3 
B2 
B1 
BO 
o 
0 
0 
B4 
B3 
B2 
B1 
BO 
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Write Register 6 (WR6): 


.. 


MSB 
LSB 


Write Register 7 (WR7): 


MSB 
LSB 


Least 
significant 


Sync 
byte 
(Address 


in SOLC/HOLC 
Mode) 


170102-11 


" 
I 
, 


. 
. 


WR6 
07-00 
Sync/ Address-This 
register 
con- 


tains the transmit sync character in 
Monosync mode, the low order 8 
sync bits in Bisync mode, or the Ad- 
dress byte in SOLC mode. 


\ 


WR7 
07-00 
Sync/Flag-This 
register 
contains 


the receive sync character in Mono- 
sync mode, the high order 8 sync bits 
in Bisync mode, or the Flag character 
(01111110) in SOLC mode. WR7 is 
not used in External Sync mode. 


l..... 
""'~. 


Sync 
byte 
(must 
be 01111110 
in 
SOLC/HOLC 
Mode) 
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Read Register 0 (RRO): 


RRO 
DO 
Receive Character Available-This 
bit is set when the receive FIFO con- 
tains data and is reset when the 
FIFO is empty. 
Interrupt In-Service"-If 
an Internal 
Interrupt is pending, this bit is set at 
the falling edge of the second INTA 
pulse of an INTA cycle. In non-vec- 
tored mode, this bit is set at the fail- 
ing edge of RO after pointer 2 is 
specified. This bit is reset when an 
EOI command is issued and there 
are no other interrupts in-service at 
that time. 
Transmit Buffer Empty-This 
bit is 
set whenever the transmit buffer is 


01 


02 


"This bit is only valid when IPI is active low and is 
always zero in Channel B. 


Mse 
Lse 


R. 
CHAR 
AVAILABLE 


INT IN-SERVICE 
(CHA 
only) 


T. 
BUFFER 
EMPTY 


CARRIER 
DETECT 
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1~1~1~1~loolool~lool 


, 
I 


1- 


r 


SYNC/HUNT 


CTS 
EXTERNAL 
STATUS 
INTERRUPT 
MODE 


T. 
UNOERRUN/EOM 


BREAK/ABORT 
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03 


04 


empty 
except 
when 
CRC characters 
are 
being 
sent 
in 
a 
synchronous 
mode. 
This 
bit 
is 
reset 
when 
the 
transmit 
buffer 
is loaded. 
This bit is 
set after an MPSC reset. 


Carrier 
Detect-This 
bit contains 
the 
state of the CD pin at the time of the 
last change 
of any of the 
External/ 
Status 
bits 
(CD, 
CTS, 
Sync/Hunt, 
Break/ Abort, 
or Tx Uflderrun/EOM). 
Any change 
of state 
of the 
CD pin 
causes 
the CD bit to be latched 
and 
causes 
an External/Status 
interrupt. 


This bit indicates 
current 
state of the 
CD pin immediately 
following 
a Reset 
External/Status 
Interrupt 
command. 


Sync/Hunt-In 
asynchronous 
modes, 
the operation 
of this bit is similar 
to 
the CD status 
bit, except 
that Sync/ 
Hunt shows the state of the SYNDET 
input. Any High-to-Low 
transition 
on 
the 
SYNDET 
pin sets 
this 
bit, 
and 
causes 
an External/Status 
interrupt 
(if 
enabled). 
The 
Reset 
External/ 
Status 
Interrupt 
command 
is issued 
to clear the interrupt. 
A Low-to-High 
transition 
clears this bit and sets the 
External/Status 
interrupt. 
When 
the 
External/Status 
interrupt 
is set by the 
change 
in state of any other input or 
condition, 
this bit shows the inverted 
state 
of the SYNDET 
pin at time of 
the change. This bit must be read im- 
mediately 
following 
a 
Reset 
Exter- 
nal/Status 
Interrupt 
command 
to 
read 
the 
current 
state 
of 
the 
SYNDET 
input. 


In 
the 
External 
Sync 
mode, 
the 
Sync/Hunt 
bit operates 
in a fashion 
similar 
to 
the 
Asynchronous 
mode" 


except 
the Enter Hunt Mode control 
bit enables 
the external 
sync detec- 
tion 
logic. 
When 
the 
External 
Sync 
Mode and Enter Hunt Mode bits are 
set (for example, 
when the receiver is 
enabled 
following 
a 
reset), 
the 
SYNDET 
input must be held High by 
the external 
logic until external 
char- 
acter 
synchronization 
is achieved. 
A 
High at the SYNDET 
input holds the 
Sync/Hunt 
status 
in the reset condi- 
tion. 


When 
external 
synchronization 
is 
achieved, 
SYNDET 
must 
be driven 
Low 
on the 
second 
rising 
~ 
of 
RxC after the rising edge of RxC on 
which the last bit of the sync charac- 
ter was received. 
In other words, 
af- 


ter the sync pattern 
is detected, 
the 


external 
logic 
must 
wait for two 
full 


Receive Clock cycles to activitate 
the 
SYNDET 
input. 
Once 
SYNDET 
is 
forced 
Low, 
it 
is good 
practice 
to 


keep it Low until the CPU informs the 
external 
sync logic that synchroniza- 


tion has been lost or a new message 
is about 
to 
start. 
The 
High-to-Low 
transition 
of the SYNDET 
output sets 
the Sync/Hunt 
bit, which sets the Ex- 


ternal/Status 
interrupt. 
The 
CPU 
must clear the interrupt 
by issuing the 
Reset 
External/Status 
Interrupt 
Command. 


When 
the "S"'Y'"'N"'D"'E""'T 
input goes 
High 
again, another 
External/Status 
inter- 
• 
rupt is generated 
that 
must also 
be 
cleared. 
The 
Enter 
Hunt 
Mode 
con- 


trol bit is set whenever 
character 
syn- 


chronization 
is 
lost 
or 
the 
end 
of 
message 
is detected. 
In this 
case, 


the MPSCagain 
looks for a High-to- 
Low transition 
on the SYNDET 
input 
and 
the 
operation 
repeats 
as 
ex- 


plained 
previously. 
This 
implies 
the 
CPU should 
also inform the external 
logic 
that 
character 
synchronization 
has been lost and that the MPSC is 
waiting 
for SYNDET 
to become 
ac- 
tive. 


In the Monosync 
and Bisync Receive 
modes, 
the 
Sync/Hunt 
status 
bit is 
initially 
set 
to 
1 by the 
Enter 
Hunt 
Mode bit. The Sync/Hunt 
bit is reset 
when the MPSC establishes 
charac- 
ter synchronization. 
The High-to-Low 
transition 
of the Sync/Hunt 
bit caus- 


es an External/ Status 
interrupt 
that 
must be cleared 
by the CPU issuing 
the 
Reset 
External/Status 
Interrupt 
command. 
This enables the MPSC to 
detect the next transition 
of other Ex- 


ternal/Status 
bits. 


When 
the 
CPU 
detects 
the 
end 
of 
message 
or that character 
synchroni- 
zation 
is lost, it sets the Enter 
Hunt 
Mode 
control 
bit, 
which 
sets 
the 
Sync/Hunt 
bit to 1. The Low-to-High 
transition 
of the Sync/Hunt 
bit sets 
the 
External/Status 
Interrupt, 
which 
must 
also 
be cleared 
by the 
Reset 
External/Status 
Interrupt 
Command. 


Note that the SYNDET 
pin acts as an 
output in this mode, and goes low ev- 
ery time a sync pattern 
is detected 
in 
the data stream. 
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05 


06 


07 


In the SOLC mode, the Sync/Hunt bit 
is initially set by the Enter Hunt mode 
bit, or when the receiver is disabled. 
In any case, it is reset to 0 when the 
opening flag of the first frame is de- 
tected by the MPSC. The External/ 
Status interrupt is also generated, 
and should be handled as discussed 
previously. 
Unlike the 
Monosync and 
Bisync 
modes, once the Sync/Hunt bit is re- 
set in the SOLC mode, it does not 
need to be set when the end of mes- 
sage is detected. The MPSC auto- 
matically maintains synchronization. 
The only way the Sync/Hunt bit can 
be set again is by the Enter Hunt 
Mode bit, or by disabling the receiver. 
Clear to Send~ This bit contains the 
inverted state of the CTS pin at the 
time of the last change of any of the 
External/Status bits (CO,CTS, Sync/ 
Hunt, Break/Abort, or Tx Underrun/ 
EOM). Any change of state of the 
CTS pin causes the CTS bit to be 
latched and causes an 
External/ 
Status interrupt. This bit indicates the 
inverse of the current state of the 
CTS pin immediately following a Re- 
set External/Status 
Interrupt com- 
mand. 
Transmitter Underrun/End of Mes- 
sage-This 
bit is in a set condition 
following a reset (internal or exter- 
nal). The only command that can re- 
set this bit is the Reset Transmit Un- 
derrun/EOM Latch command (WRO, 
06 and 07). When the Transmit Un- 
derrun condition occurs, this bit is 
set, 
which 
causes 
the 
External/ 
Status Interrupt which must be reset 
by issuing a Reset External/Status 
command (WRO;command 2). 
Break/Abort-In 
the Asynchronous 
Receive mode, this bit is set when a 
Break sequence (null character plus 
framing error) is detected in the data 
stream. The External/Status 
inter- 
rupt, if enabled, is set when break is 
detected. The interrupt service rou- 
tine must issue the Reset External/ 
Status 
Interrupt 
command 
(WRO, 


Command 2) to the break detection 
logic so the Break sequence termina- 
tion can be recognized. 
The Break/Abort bit is reset when 
the 
termination of the 
Break se- 


quence is detected in the incoming 
data stream. The termination of the 


00 


RR1: 


03,02,01 


04 


05 


06 
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Break sequence also causes the Ex- 
ternal/Status interrupt to be set. The 
Reset External/Status Interrupt com- 
mand must be issued to enable the 
break detection logic to look for the 
next Break sequence. A single extra- 
neous null character is present in the 
receiver after the termination of a 
break; it should be read and discard- 
ed. 
In the SOLC Receive mode, this 
status bit is set by the detection of an 
Abort sequence (seven or more 1's). 
The External/Status interrupt is han- 
dled the same way as in the case of 
a Break. The Break/Abort bit is not 
used in the Synchronous Receive 
mode. 
All Sent-This 
bit is set when all 
characters have been sent, in asyn- 
chronous modes. It is reset when 
characters are in the transmitter, in 
asynchronous modes. 
In synchro- 
nous modes, this bit is always set. 
Residue 
Codes-Bit 
synchronous 
protocols allow I-fields that are not 
an integral number of characters. 
Since transfers from the MPSCto the 
CPU are character oriented, the resi- 
due codes provide the capability of 
receiving leftover bits. Residue bits 
are right justified in the last data byte 
received or first CRC byte. 
Parity Error-If 
parity is enabled, this 
bit is set for received characters 
whose parity does not match the pro- 
grammed sense (Even/Odd). This bit 
is latched. Once an error occurs, it 
remains set until the Error Reset 
command is written. 
Receive Overrun Error-This 
bit indi- 
cates that the receive FIFO has been 
overloaded by the receiver. The last 
character in the FIFO is overwritten 
and flagged with this error. Once the 
overwritten character is read, this er- 
ror condition is latched until reset by 
the Error Reset command. If the 
MPSC is in the status affects vector 
mode, the overrun causes a special 
Receive Condition Vector. 


CRC/Framing 
Error-In 
async 
modes, a one in this bit indicates a 
receive framing error. In synchronous 
modes, a one in this bit indicates that 
the calculated CRC value does not 
match the last two bytes received. It 
can be reset by issuing an Error Re- 
set command. 
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SDLC Residue Code Table (I Field Bits In 2 Previous Bytes) 


8 bits/char 
7 bits/char 
' 6 bits/char 
5 bits/char 


RR1 
FirstCRC 
Last Data 
FirstCRC 
Last Data 
FirstCRC 
Last Data 
FirstCRC 
Last Data 
03 
02 
01 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 


1 
0 
0 
0 
3 
0 
2 
0 
1 
0 
5 


0 
1 
0 
0 
4 
0 
3 
0 
2 
0 
1 


1 
1 
0 
0 
5 
0 
4 
0 
3 
0 
2 


0 
0 
1 
0 
6 
0 
5 
0 
4 
0 
3 


1 
0 
1 
0 
7 
0 
6 
0 
5 
- 
- 


0 
1 
1 
0 
8 
0 
- 
- 
- 
- 
- 


1 
1 
1 
1 
8 
- 
- 
- 
- 
- 
- 


0 
0 
0 
2 
8 
1 
7 
0 
6 
0 
4 


Read Register 1 (RR1): (Special Receive Condition Mode) 
•• 


FIRSTCRC 
~ 
BYTE 
LAST DATA BYTE 


0 
0 
0 
2 
8 


0 
0 
1 
0 
6 


0 
1 
0 
0 
4 


0 
1 
1 
0 
8 
RESIDUE DATA 
8 BITs/CHAR. MODE 
1 o 
0 
0 
3 


1 
0 
1 
0 
7 


1 
1 
0 
0 
5 


1 
1 
1 
8 


'----------- 
PARITY ERROR 
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L- 
CRC/FRAMING ERROR 


'---------~-----R.OVERRUNERROR 


'---------- 
END OF FRAME (SDLC/HDLC MODE) 
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Vector 
V.ctor 
Mod_ (WR1; D2) 
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RR2 


D7-DO 
ChannelB 


Interrupt 
Vector-Contains 
the inter- 
rupt vector 
programmed 
into WR2. If 
the status affects 
vector 
mode is se- 
lected 
(WR1; 
D2), 
it 
contains 
the 
modified 
vector 
(See 
WR2). 
RR2 
contains 
the modified 
vector 
for the 
highest 
priority 
interrupt 
pending. 
If 
no interrupts 
are 
pending, 
the 
vari- 
able bits in the vector 
are set to one. 


SYSTEM 
INTERFACE 


Genera! 


The MPSC to Microprocessor 
System 
interface 
can 
be configured 
in many flexible ways. The basic inter- 
face types are polled, wait, interrupt 
driven, or direct 
memory 
access 
driven. 


Polled 
operation 
is 
accomplished 
by 
repetitively 
reading 
the status 
of the MPSC, and making 
deci- 
sions based on that status. The MPSC can be polled 
at any time. 


Wait operation 
allows slightly faster data throughput 
for the MPSC by manipulating 
the Ready input to the 
microprocessor. 
Block 
Read or Write Operations 
to 
the MPSC are started 
at will by the microprocessor 
and the MPSC deactivates 
its RDY signal if it is not 
yet ready to transmit 
the new byte, or if reception 
of 
new byte is not completed. 


Interrupt 
driven operation 
is accomplished 
via an in- 
ternal 
or 
external 
interrupt 
controller. 
When 
the 
MPSC requires 
service, 
it sends an interrupt 
request 
signal 
to the 
microprocessor, 
which 
responds 
with 


POLLED OPERATION 


In the polled 
mode, the CPU must monitor 
the de- 


sired conditions 
within the MPSC by reading the ap- 
propriate 
bits in the read registers. 
All data available, 


status, 
and error conditions 
are represented 
by the 
appropriate 
bits in read registers 
0 and 1 for chan- 
nels A and B. 


There 
are two ways 
in which 
the software 
task 
of 
monitoring 
the 
status 
of the 
MPSC 
has 
been 
re- 
duced. One is the "ORing" 
of all conditions 
into the 
Interrupt 
Pending bit. (RRO; D1 channel 
A only). This 
bit is set when the MPSC requires 
service, 
allowing 
the 
CPU to monitor 
one 
bit instead 
of four 
status 
registers. 
The other is available 
when the "status-af- 
fects-vector" 
mode 
is selected. 
By 
reading 
RR2 
Channel 
B, the CPU can read a vector 
who's 
value 
will indicate 
that one or more of group of conditions 
has occurred, 
narrowing 
the field of possible 
condi- 
tions. See WR2 and RR2 in the Detailed 
Command 
Description 
section. 


WAIT 
OPERATION 


Wait 
Operation 
is intended 
to facilitate 
data trans- 
mission or reception 
using block move operations. 
If 
a block of data is to be transmitted, 
for example, 
the 
CPU 
can 
execute 
a String 
1/0 
instruction 
to the 
MPSC. After 
writing 
the first byte, the CPU will at- 
tempt 
to write a second 
byte immediately 
as is the 
case of block move. The MPSC forces 
the RDY sig- 
nal low which 
inserts 
wait states 
in the CPU's write 
cycle until the transmit 
buffer 
is ready to accept 
a 
new byte. At that time, the RDY signal is high allow- 
ing the CPU to finish the write cycle. The CPU then 
attempts 
the third write and the process 
is repeated. 


Similar 
operation 
can programmed 
for the receiver. 


During initialization, 
wait on transmit 
(WR 1; D5 = 0) 
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Software Flow, Polled Operation 


RECEIVE 
TRANSMIT 
170102-16 


INTERRUPT 
DRIVEN 
OPERATION 


The MPSC can be programmed into several inter- 
rupt modes: Non-Vectored, 8085 vectored, 
and 
8088/86 vectored. In both vectored modes, multiple 
MPSC's can be daisy-chained. 


In the vectored mode, the MPSC responds to an 
interrupt acknowledge sequence by placing a call in- 
struction (8085 mode) and interrupt vector (8085 
.and 8088/86 mode) on the data bus. 


The MPSC can be programmed to cause an inter- 
rupt due to up to 14 conditions in each channel. The 
status of these interrupt conditions is contained in 
Read Registers 0 and 1. These 14 conditions are all 
directed to cause 3 different types of internal inter- 
rupt request for each channel: receive/interrupts, 
transmit interrupts and external/status interrupts (if 
enabled). 


This results in up to 6 internal interrupt request sig- 
nals. The priority of those signalS can be pro- 
grammed to one of two fixed modes: 


Highest Priority 
Lowest Priority 


RxA RxB TxA TxB ExTA ExTB 


RxA TxA RxB TxB ExTA ExTB 


The interrupt priority resolution works differently for 
vectored and non-vectored modes. 


•• 


NOTES: 
1. RRO; DO is reset 
automatically 
when 
the 
data 
is 
read. 
2. RRO; 02 is reset automatically 
when 
the data is writ- 
ten. 


or wait on receive (WR1; 05 = 1) can be selected. 
The wait operation can be enabled/disabled by set- 
ting/resetting the Wait Enable Bit (WR1; 07). 


NOTE: 
CAUTION: ANY CONDITION THAT CAN CAUSE 
THE TRANSMITTER TO STOP (E.G., CTS GOES 
INACTIVE) OR THE RECEIVER TO STOP (E.G., 
RX DATA STOPS) WILL CAUSE THE MPSC TO 
HANG THE CPU UP IN WAIT STATES UNTIL RE- 
SET. 
EXTREME 
CARE 
SHOULD 
BE 
TAKEN 
WHEN USING THIS FEATURE. 


Hardware Configuration, 
Polled Operation 


~ ADDRESS 
BUS 
-t" .•. 
11 
I I 
I I 


~ DATA 
BUS 
(\ 
RI) 


WR 
•. 


vcc 


L- 


DB0-7 
~ 
'--- 
iNrA P. 


L- 
8205 
- 
Ao 
~ 
0 
A, 
MPSC 
cs 


RD 


WR 
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Interrupt 
Condition 
Grouping 


CONDITION 
MODE 
INTERNAL 
INTERRUPT 
REOUEST 


RECEIVE 
cHARAcTER 
!:_,I 
R~~1~::~~~~:C~~~S 


::~~~:~~~~R=U~N~ER~R~O~R~~--~rl~~~, 


FRAMING 
ERROR 
• 


END OF FRAME 
(SDLC 
ONLY)_ 
•••••••••..•"""><.<:JU 


FIRST 
DATA CHARACTER~[liill~~~~~==~t~~~~~~:J 
FIRST 
NON·SYNC 
CHARACTER 
(SYNC 
MODES) 
_ 
INTERRUPT 
ON FIRST 
VALID 
ADDRESS 
BYTE 
(SDLC 
ONLY) 
_ 
R. CHARACTER 


CD TRANSITION~~~~~~~~~~~~~~~~~~~~~~~~~ 


CTS TRANSITION 
SYNC 
TRANSITION 
Tx UNDERRUN/EOM 
BREAK/ABORT 
DETECT 


TRANSMITBUFFEREMPTY_~ 
~ 
~ 
:r~~~~ 


INTERNAL 
INTERRUPT 
ACCEPTED 


LOWER 
PRIORITY 
INTERRUPTS 
NOT ACCEPTED 


INTERRUPT 
(EXTERNAL) 


INT'" 
(EXTERNAL) 


INT'" 
(INTERNAL) 


HIGHER 
....• 
+0------ 
NO~~m~~~S'------~_lIrr~I~:~~~S-- 


ACCEPTED 


PRIORITY 
RESOLUTION: 
VECTORED 
MODE 
ing) edge of the first External 
INT A pulse and reset 
on the trailing 
(rising) edge of the second 
External 
INTA pulse. After an interrupt 
is accepted 
intern~ 
and External 
INT request 
is generated 
and the IPO 
goes inactive. 
IPO' and IPI are used for daisy-chain- 
ing MPSC's 
together. 


Any interrupt 
condition 
can be accepted 
internally 
to 
the MPSC at any time, 
unless 
the MPSC's 
internal 
INTA signal 
is active, 
unless 
a higher 
pr[ority 
inter- 
rupt is currently 
accepted, 
or if IPI is inactive 
(high). 


The MPSC's internallNTA 
is set on the leading (fall- 
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In-Service Timing 


,~"""'''''''R ~ 
ACCEPTED 


INTERRUPT 
(EXTERNAL) 
I 


INTA 
(EXTERNAL) 


INTA 
(INTERNAL) 
\'---- 


IN·SERVICE 
(INTERNAL) 


170102-20 


The MPSC's 
internallNTA 
is set on-the leading (fail- 
ing) edge of the first external 
INTA pulse, and reset 
on the trailing 
(rising) 
edge of the second 
external 
INTA pulse. After an interrupt 
is accepted 
internally, 
and external 
INT request is generated 
and IPO goes 
inactive 
(high). IPO and IPI are used for daisy-chain- 


ing MPSC's 
together. 


Each of the six interrupt 
sources 
has an associated 
In-Service 
latch. After priority has been resolved, 
the 
highest 
priority 
In-Service 
latch 
is set. After 
the 
In- 
Service 
latch is set, the INT pin goes inactive 
(high). 


NOTE: 
If the External 
INT pin is active 
and the IPI signal 
is pulled 


iactlve 
high, the 
INT signal 
will also go inactive. 
IPI quali- 
fies the External 
INf 
Signal. 
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EOI Command Timing 


URVICE 
ROUTINE 


INTEANAL 
INTEAAUPT 
~ 
ACCEPTED 


INTERRUPT '\ 
/ 


(EXTERNAl) 
_ 
\ 
--1 


IIiTX 
(EXTERNAL) 


tNTA 
/ 
(INTERNAL) ----J 


IN-SERVICE 
/ 
(INTERNAL) __ 
------J 


EOICOMMAND 
(INTE"NAL) 
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Lower 
priority 
interrupts 
are not accepted 
internally 
while the In-Service 
latch is set. However, 
higher pri- 
ority interrupts 
are accepted 
internally 
and a new ex- 
ternallNT 
request 
is generated. 
If the CPU responds 
with a new INTA sequence, 
the MPSC will respond 
as before, 
suspending 
the lower priority interrupt. 


After 
the interrupt 
is serviced, 
the 
End-of-Interrupt 
(EOI) command 
should be written to the MPSC. This 
command 
will cause an internal 
pulse that is used to 
reset the In-Service 
Latch which 
allows 
service 
for 
lower priority interrupts 
in the daisy-chain 
to resume, 
provided 
a new INTA sequence 
does not start for a 
higher 
priority 
interrupt 
(higher than the highest 
un- 
der service). 
If there is no interrupt 
pending 
internal- 
ly, the IPO follows 
IPI. 
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Non-Vectored 
Interrupt Timing 


INTERNAL INTERRUPT 
ACCEPTED 


SUlVICiE 
ROUTINE 
r-====7cLO;;;W;;' 
••S;P:;;;.,;'O.;;;,,:;Y 
';;;NT;;';;; 
•• ;'UPT;;.;;N;;;OT;-;'~CC~.;'PT;;;'D;- 
zzzzz: 
~===:::::::\ 


INTERRUPT 
(EXUIIIHAL) 


iiii 
(EXTERNAL) 


INTERNAL POINTER 
SETlOREG2 


IN·SlERVICE 
(INTERNAL) 


EOICOMMAND 
(INTERNAL) 
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PRIORITY 
RESOLUTION: 
NON-VECTORED 
MODE 
nal in the vectored mode. It inhibits acceptance of 
any additional internal interrupts and its leading 
edge starts the interrupt priority resolution circuit. 
The interrupt priority resolution is ended by the lead- 
ing edge of the read signal used by the CPU to re- 
trieve the modified vector. The leading edge of read 
sets the In-Service latch and forces the externallNT 
output inactive (high). The internal pointer is reset to 
zero after the trailing edge of the read pulse. 


In non-vectored mode, the MPSC does not respond 
to interrupt acknowledge sequences. The INTA input 
(pin 27) must be pulled high for proper operation. 
The MPSC should be programmed to the Status-Af- 
fects-Vector mode, and the CPU should read RR2 
(Ch. B) in its service routine to determine which in- 
terrupt requires service. 


In this case, the internal pointer being set to RR2 
provides the same function as the internallNTA sig- 


NOTE: 
That if RR2 is specified but not read, no internal in- 
terrupts, regardless of priority, are accepted. 
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CHAINING 
MPSC 


170102-23 


INT~{ 


iNfA 


CPU 
A 
A 
A 
mT 
iIITA 
IAT 
iIITA 
lIiT 
Tm 


~ 


iJIj 
~ 
TPi 
iPl5 
iJIj 
iPl5 


MPSC 
MPSC 
MPSC 
HIGHEST 
PAIORITY 
LOWEST 
PRIORITY 


In the vectored interrupt mode, multiple MPSC's can 
be daisy-chained on the same INT, INTA signals. 
These signals, in conjunction with the TP1 and IPO 
allow a daisy-chain-like interrupt resolution scheme. 
This scheme can be configured for either 8085 or 
8086/88 based system. 


In either mode, the same hardware configuration is 
called for. The INT request lines are wire-OR'ed to- 
gether at the input of a TTL inverter which drives the 
INT pin of the CPU. The INTA signal from the CPU 
drives all of the daisy-chained MPSC's. 


The MPSCdrives IPO (Interrupt PriorityOutput) inac- 
tive (high) if TP1 (Interrupt Priority Input) is inactive 
(high), or if the MPSC has an interrupt pending. 


The IPO of the highest priority MPSC is connected 
to the IPI of the next highest priority MPSC, and so 
on. 


If IPI is active (Iow), the MPSC knows that all higher 
priority MPSC's have no interrupts pending. The IPI 
pin of the highest priority MPSC is strapped active 
(Iow) to ensure that it always has priority over the 
rest. 


MPSC's Daisy-chained on an 8088/86 CPU should 
be programmed to the 8088/86 
Interrupt mode 


(WR2; D4, D3 Ch. A). MPSC's Daisy-chained on an 
8085 CPU should be programmed to 8085 interrupt 
mode 1 if it is the highest priority MPSC. In this 
mode, the highest priority MPSC issues the CALL 
instruction during the first INTA cycle, and the inter- 
rupting MPSC provides the interrupt vector during 
the following INTA cycles. Lower priority MPSC's 
should be programmed to 8085 interrupt mode 2. 


MPSC's used alone in 8085 systems should be pro- 
grammed to 8085 mode 1 interrupt operation. 
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DMA Acknowledge 
Circuit 


DACKO-------, 
~,-----, 
DACK,----.-+-+---i 
DACKJ---~+-+-+---i 


Ao 


~A~,---------Ao 
~c~s--~------A, 
I-----t;>o------cs 
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DMATiming 


DRQn~ 


Ao,A"CS----"""""X,, 
..:..-- 
>C 


RD, WR ---:..----:--"""""\\. 
...J/ 
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DMA OPERATION 
mutations 
of 
interrupt, 
wait. 
and 
DMA 
modes 
for 
channels 
A and B. Bits 01. Do of WR2 Ch. A deter- 
mine these permutations. 
Each MPSC can be programmed 
to utilize up to four 
DMA channels: 
Transmit 
Channel 
A. Receive 
Chan- 
nel 
A. 
Transmit 
Channel 
B. 
Receive 
Channel 
B. 
Each 
DMA 
Channel 
has an associated 
DMA 
Re- 
quest 
line. 
Acknowledgement 
of 
a DMA 
cycle 
is 
done 
via normal 
data read or write 
cycles. 
This 
is 
accomplished 
by encoding 
the DACK signals to gen- 
erate Ao. A1. and CS. and multiplexing 
them with the 
normal Ao. A1. and CS signals. 


Permutation 
WR2 Ch. A 
Channel 
A 
ChannelB 


01 
Do 


0 
0 
Wait 
Wait 
Interrupt 
Interrupt 
Polled 
Polled 


0 
1 
DMA 
Interrupt 
Polled 
Polled 


1 
0 
DMA 
DMA 
Polled 
Polled 


PERMUTATIONS 


Channels 
A and B can be used with different 
system 


interface 
modes. 
In all cases it is possible to poll the 
MPSC. The following 
table shows 
the possible 
per- 


NOTE: 
D1, DO = 1.1 is illegal. 
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NOTE: 
The circuit was not designed 
based on a worst-case 
timing 
analysis. 
Specific 
implementations 
should 
include 
this timing 
analysis. 


Q. 


:Qa 


Q • 
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, 
12.2 
A 
. , 


"'16-.10 
DI 
DO 
All-Al' 
) 


ALE 
STB'--- 
~ 
"'1-A15 
~ 


AB-A15 
I 
, 
127' 
~r 
. 
- 
j. 
re 
A. 
r;=: 
DI 
DO 
A,,- 
1 
• 
•••• 
AD 
:~:t;O~ 
" 
~ : 
I2I4A 
B, ::;0, D---- 
~ 
t-- 
STB 
I 


I 
READY 
~:';o.~ 
nl2 
wo 
J 
~ 
A. 
0, 


a , 
OE 
T- 
J 
Do,-DO,} 
"- 
1212 
5T8 
OE 01,-01, 
~,.-- 
>-1- 
CLK 
•. 
r--I- 
RESET 
J 
00-0, 
AOO-A07 
HOLD 
HLDA 


~ 


A05r. 
,~ 
~ 
. 
0.-0 
1237 
A-A 
- 


ono, 


I 
IffiIWR 
~, 
r-- 


~ 


HLOA 
DAD, 
CLA 
0 
HRO 
~, 
I-- 
r-- 
74LS'. 
A'N 
OR02 
CLK 
lJl!li 
~, 
MULTIPLEXER 
iiOW .~, 
1k'-- 
----, 
~ 
READY -'~ 
' 


I 
•.... 


CLK 
El!l' 
r--NC 
I 
•.. 
RESET 
b: 
I 
~.... 
I 
J 
I ......I 
•....••...~..J"-"",v 


I 
• 
v 
V 
, 


\ ' 
1.1'» 
I 
I~ 
, 
~t--t::"------J 
cs 
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PROGRAMMING 
HINTS 
Transmit Under-run/EOM 
Latch 


This section will describe some useful programming 
hints which may be useful in program development. 


Asynchronous 
Operation 


At the end of transmission, the CPU must issue "Re- 
set Transmit InterruptlOMA Pending" command in 
WROto reset the last transmit empty request which 
was not satisfied. Failing to do so will result in the 
MPSC locking up in a transmit empty state forever. 


Non-Vectored 
Mode 


In non-vectored mode, the Interrupt Acknowledge 
pin (INTA) on the MPSC must be tied high through a 
pull-up resistor. Failing to do so will result in unpre- 
dictable response from the 8274. 


HOLC/SOLC 
Mode 


When receiving data in SOLC mode, the CRC bytes 
must be read by the CPU (or OMA controller) just 
like any other data field. Failing to do so will result in 
receiver buffer overflow. The CRC bytes are not to 
be used for CRC verification. Residue bits may be 
contained in the first CRC byte. Also, the End of 
Frame Interrupt indicates that the entire frame has 
been received. At this point, the CRC result (RR1: 
06) and residue code (RR1; 03, 02, 01) may be 
checked. 


Status Register RR2 


RR2 contains the vector which gets modified to indi- 
cate the source of interrupt (See the section titled 
MPSC Modes of Operation). However, the state of 
the vector does not change if no new interrupts are 
generated. The contents of RR2 are only changed 
when a new interrupt is generated. In order to get 
the correct information, RR2 must be read only after 
an interrrupt is generated,otherwise 
it will indicate 
the previous state. 


Initialization 
Sequence 


The MPSCinitialization routine must issue a channel 
Reset Command at the beginning. WR4 should be 
defined before other registers. At the end of the ini- 
tialization sequence, Reset External/Status and Er- 
ror Reset commands should be issued to clear any 
spurious interrupts which may have been caused at 
power up. 


In SOLC/HOLC, bisync and monosync mode, the 
transmit under-run/EOM must be reset to enable the 
CRC check bytes to be appended to the transmit 
frame or transmit message. The transmit under-run/ 
EOM latch can be reset only after the first character 
is loaded into the transmit buffer. When the transmit- 
ter under-runs at the end of the frame, CRC check 
bytes are appended to the frame/message. 
The 
transmit under-run/EOM latch can be reset at any 
time during the transmission after the first character. 
However, it should be reset before the transmitter 
under-runs otherwise, both bytes of the CRC may 
not be appended to the frame/message. In the re- 
ceive mode in bisync operation, the CPU must read 
the CRC bytes and two more SYNC characters be- • 
fore checking for valid CRC result in RR1. 


Sync Character 
Load Inhibit 


In bisync/monosync mode only, it is possible to pre- 
vent loading sync characters into the receive buffers 
by setting the sync character load inhibit bit (WR3; 
01 = 1). Caution must be exercised in using this 
option. It may be possible to get a CRC character in 
the received message which may match the sync 
character and not get transferred to the receive buff- 
er. However, sync character load inhibit should be 
enabled during all pre-frame sync characters so the 
software routine does not have to read them from 
the MPSC. 


In SOLC/HOLC mode, sync character load inhibit bit 
must be reset to zero for proper operation. 


EOI Command 


EOI command can only be issued through channel A 
irrespective of which channel had generated the in- 
terrupt. 


Priority in OMA Mode 


There is no priority in OMA mode between the fol- 
lowing four signals: TxORQ(CHA), RxORQ(CHA), 
TxORQ(CHB), RxORQ(CHB). The priority between 
these four signals must be resolved by the OMA 
controller. At any given time, all four OMA channels 
from the 8274 are capable of going active. 


2-143 


8274 


ABSOLUTE 
MAXIMUM 
RATINGS'" 


Ambient 
Temperature 
Under Bias 
O°C to + 70°C 


Storage 
Temperature 
(Ceramic 
Package) 
- 65°C to + 150°C 
(Plastic Package) 
-40°C 
to + 125°C 


Voltage 
on Any Pin with 
Respect to Ground 
' 
- 0.5V to + 7.0V 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 
These are stress ratings only. Opemtion 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Opemting 
Conditions" 
may affect device reliability. 


D.C. CHARACTERISTICS 
TA = O°Cto 
+70°C;Vcc 
= +5V 
±10% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vu, 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
+2.0 
vcc +p.5 
V 


VOl 
Output Low Voltage 
+0.45 
V 
IOl = 2.0 mA 


V 


r 


VOH 
Output High Voltage 
+2.4 
IOH = 200'/A-A 


III 
Input Leakage Current 
±10 
/A-A 
VIN = vcc to OV 


IOFL 
Output Leakage Current 
±10 
/A-A 
VOUT = vcc to O,.45V 


lee 
Vcc Supply Current 
200 
mA 


NOTE: 
1. For Extended Temperature EXPRESS,use MIl8274 electrical Parameters. 
~ 


CAPACITANCE 
TA = 25°C; VCC = GND = OV 
, 


Symbol 
Parameter 
Min 
Max 
Units 
Test: Conditions 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz 


COUT 
Output Capacitance 
15 
pF 
Unmeasured 
pins 


CI/O 
Input/Output 
Capacitance. 
20 
pF 
returned 
to GND 
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A.C. CHARACTERISTICS 
TA = o-cto 
+70·C;Vcc 
= +5V 
±10% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


tcy 
ClK 
Period 
250 
4000 
ns 


tCL 
ClKlowTime 
105 
2000 
ns 


tcH 
ClK 
High Time 
105 
2000 
ns 


tr 
ClK 
Rise Time 
0 
30 
ns 


tf 
ClK 
Fall Time 
0 
30 
ns 


tAR 
AO, A 1 Setup to RD .! 
0 
ns 


tAO 
AO, A 1 to Data Output Delay 
200 
ns 
CL = 150 pF 


tRA 
AO, A1 Hold after RD i 
0 
ns 


tRO 
RD.! 
to Data Output Delay 
200 
ns 
CL = 150 pF 


tRR 
RD Pulse Width 
250 
ns 


tOF 
Output Float Delay 
120 
ns 


tAW 
CS, AO, A1 Setup toWR.! 
0 
ns 


tWA 
CS, AO, A 1 Hold after WR T 
0 
ns 


tww 
WR Pulse Width 
250 
ns 


tow 
Data Setup to WR T 
150 
ns 


two 
Data Hold after WR t 
0 
ns 


tpl 
IPI Setup to INTA.! 
0 
ns 


tiP 
IPI Hold after INTA t 
10 
ns 


tll 
INTA Pulse Width 
250 
ns 


tplPO 
IPI .! to IPO Delay 
100 
ns 


tlO 
INTA.! 
to Data Output Delay 
200 
ns 


tee 
RD or WR to DRQ .! 
150 
ns 


tRY 
Recovery 
Time Between 
Controls 
300 
ns 


tow 
CS, AO, A 1 to RDY A or RDY B Delay 
140 
ns 


toCY 
Data Clock Cycle 
4.5 
tcy 


tOCL 
Data Clock low 
Time 
180 
ns 


tOCH 
Data Clock High Time 
180 
ns 


tTO 
TxC to TxD Delay (x1 Mode) 
300 
ns 


tos 
RxD Setup to RxC t 
0 
ns 


tOH 
RxD Hold after RXC t 
140 
ns 


tlTO 
TxC to INT Delay 
4 
6 
tcy 


tiRO 
RxC to INT Delay 
-- 
7 
10 
tcy 


tpL 
CTS, CD, SYNDET 
low Time 
200 
ns 


tpH 
CTS, CD, SYNDET 
High Time 
200 
ns 


tlPO 
ExternallNT 
from CTS, CD, SYNDET 
500 
ns 
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A.C. TESTING 
INPUT/OUTPUT 
WAVEFORM 
A.C. TESTING 
LOAD CIRCUIT 


INPUT/OUTPUT 


2•...=x::>,~""""<::x= 


170102-27 


A.C. Testing; 
Inputs 
are driven 
at 2.4V for a Logic 
"1" 
and 0.45V 
for 
a Logic 
"0". 
Timing 
measurements 
are 
made 
at 2.0V 
for 
a 
Logic 
"1" 
and 0.8V for a Logic 
"0". 


DEVICE 
UNDER 
TEST 
iC' 
~ 150pF 


170102-28 
CL = 100 pF 
CL Includes 
Jig Capacitance 


WAVEFORMS 


CLOCK 
CYCLE 


CLK 


ICH 


170102-29 


READ CYCLE 


Cs. AO.Al 


IRA 


RD 


1- 
IOF 


DBo-DB, 


lAD 
• 


170102-30 
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WAVEFORMS 
(Continued) 


WRITE 
CYCLE 


nAO,A1V 
../'L..~ 
~-----· ,..d< 


ORa 
/ 
----J 
~,<.J-- 


DMA CYCLE 


170102-33 


el. AO, 1.1 


170102-34 


Rl) OA Wii 


READ/WRITE 
CYCLE 
(SOFTWARE 
POLLED 
MODE) 


Ci ..•.O.Al 


AD OR W" 


I--------.,,--------.{ 
"'------- 
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INTA CYCLE 


'"'"I 
:z: 
'"0 
t 


e 
;; 
% 
•... 


Q. 


~ 
9 


lA: N 
- .. 
Sz 


:z: 
!2 
:z: 


NOTES: 
1. INTA signal as RD signal. 
2. IPI signal acts as CS signal. 
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WAVEFORMS 
(Continued) 


TRANSMIT 
DATA CYCLE 


IIif 
~ 
t~ 
~~ 
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RECEIVE 
DATA CYCLE 


I---'---:-:----'ocv------'---i 


O.D 


170102-36 


OTHER 
TIMING 


ers.es .•• - ~._t ..._0-'""-~~ 
t---t'''''--Q~ 
_ 
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82530/82530-6 
SERIAL COMMUNICATIONS 
CONTROLLER (SCC) 
• Two Independent 
Full Duplex Serial 
• Available 
in Express 
Version 
Channels 
• Asynchronous 
Modes 
• On Chip Crystal 
Oscillator, 
Baud-Rate 
- 
5-8 
bit Character; 
Odd, Even or No 
Generator 
and Digital Phase Locked 
Parity; 1, 1.5 or 2 Stop Bits 
Loop for Each Channel 
-Independent 
Transmit 
and Receive 
_. 
Programmable 
for NRZ, NRZI or FM 
Clocks. 
1X, 16X, 32X or 64X 


Data Encoding/Decoding 
Programmable 
Sampling 
Rate 
- 
Error Detection: 
Framing, 
Overrun 
• Diagnostic 
Local Loopback 
and 
and Parity 
Automatic 
Echo for Fault Detection 
and 
- 
Break Detection 
and Generation 
Isolation 
Bit Synchronous 
Modes 
• 
• System 
Clock Rates: 
- 
SDLC LooplNon-Loop 
Operation 
- 
4 MHz for 82530 
-CRC-16 
or CCITT Generation 
- 
6 MHz for 82530-6 
Detection 
• Max Bit Rate (6 MHz) 
- 
Abort Generation 
and Detection 
- 
Externally 
Clocked: 
1.5 Mbps 
- 
I-field Residue 
Handling 
Self-Clocked: 
- 
CCITT 
X.25 Compatible 
375 Kbps FM CODING 
• Byte Synchronous 
Modes 
187 Kbps NRZI CODING 
-Internal 
or External 
Character 
93 Kbps Asynchronous 
Synchronization 
(1 or 2 Characters) 
• Interfaces 
with Any INTEL CPU, DMA or 
- 
Automatic 
CRC Generation 
and 
I/O 
Processor 
Checking 
(CRC 16 or CCITT) 
• Available 
in 40 Pin DIP and 44 Lead 
-IBM 
Bisync Compatible 


PLCC 


The INTEL 82530 Serial Communications 
Controller 
(SCC) is a dual-channel, 
multi-protocol 
data communica- 


tions peripheral. 
It is designed 
to interface 
high speed communications 
lines using Asynchronous, 
Byte syn- 


chronous 
and Bit synchronous 
protocols 
to INTEL's 
microprocessors 
based systems. 
It can be interfaced 
with 
Intel's 
MCS51 196, iAPX86/88/186 
and 188 in polled, 
interrupt 
driven or DMA driven modes 
of operation. 


The SCC is a 40-pin device 
manufactured 
using INTEL's 
high-performance 
HMOS' 
11 technology. 


• HMOS 
is a patented 
process 
of Intel Corporation. 
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RATE 
GENERATOR 


TRANSMITTERI 


RECEIVER 
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Figure 1.82530 Internal Block Diagram 
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cs 


Die 
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IEO 
7 
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Alii 


IEI 
8 
38 
cs 


1Nl••• 
9 
37 
Die 


Vcc 
10 
36 
NC 


RDY/REQo 
11 
82530 
35 
GND 


SYNCo 
12 
34 
RDY/REQb 
SCC 
RlxCo 
13 
33 
SYNCb 


RxDo 
14 
32 
RlxCb 


TRxCo 
15 
31 
RxDb 


TxDo 
16 
30 
TRxCb 


NC 
17 
29 
TxDb 
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Figure 2. Pin Configurations 


The following 
section 
describes 
the pin functions 
of the SCC. Figure 2 details the pin assignments. 


Table 1. Pin Description 


" 


Symbol 
Pin No. 
Type 
Name and Function 
DIP 
PLCC 


DBo 
40 
1 
1/0 
OAT A BUS: The Data Bus lines are bi-directional 
three-state 
lines 


DB1 
1 
2 
1/0 
which interface 
with the system's 
Data Bus. These lines carry data 


DB2 
39 
44 
1/0 
and commands 
to and from the SCC. 


DB3 
2 
3 
1/0 
DB4 
38 
43 
1/0 


DB5 
3 
4 
lio 


DB6 
37 
42 
1/0 


DB? 
4 
5 
1/0 


INT 
5 
6 
0 
INTERRUPT 
REQUEST: 
The interrupt 
signal is activated 
when the 
SCC requests 
an interrupt. 
It is an open drain output. 


IEO 
6 
7 
0 
INTERRUPT 
ENABLE OUT: IEO is High only if IEI is High and the 
CPU is not servicing 
an SCC interrupt or the SCC is not requesting 
an interrupt 
(Interrupt 
Acknowledge 
cycle only). IEO is connected 
to the next lower priority device's 
IEI input and thus inhibits 
interrupts 
from lower priority devices. 


IEI 
7 
8 
I 
INTERRUPT 
ENABLE IN: IEI is used with IEO to form an interrupt 


daisy chain when there is more than one interrupt-driven 
device. A 


High IEI indicates 
that no other higher priority device has an 
interrupt 
under service or is requesting 
an interrupt. 
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Table 
1. Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 
DIP 
PLCC 


INTA 
8 
9 
I 
INTERRUPT 
ACKNOWLEDGE: 
This signal indicates 
an active Interrupt 
Acknowledge 
~Ie. 
During this cycle, the SCC interrupt 
daisy chain 
settles. When RD becomes 
active, the SCC places an interrupt 
vector 
on the data bus (if IEI is High). INTA is latched by the rising edge of 
ClK. 


Vcc 
9 
10 
POWER: + 5V Power supply. 


RDYA/REQA 
10 
11 
0 
READY/REQUEST: 
(output, open-drain 
when programmed 
for a Ready 


RDYs/REQs 
30 
34 
0 
function, 
driven High or low 
when programmed 
for a Request 
function). 
These dual-purpose 
outputs 
may be programmed 
as Request 
lines for a 
DMA controller 
or as Ready lines to synchronize 
the CPU to the SCC 
data rate. The reset state is Ready. 


SYNCA 
11 
12 
1/0 
SYNCHRONIZATION: 
These pins can act either as inputs, outputs 
or 


SYNCs 
29 
33 
1/0 
part of the crystal oscillator 
circuit. In the Asynchronous 
receive mode 
(crystal oscillator 
option not selected), 
these pins are inputs similar to 
CTS and CD. In this mode, transitions 
on these lines affect the state of 
the SynchronouslHunt 
status bits in Read Register 
0 (Figure 9) but 
have no other function. 


'. 
In External Synchronization 
mode with the crystal oscillator 
not 
selected, 
these lines also act as inputs. In this mode, SYNC must be 
driven lOW 
two receive clock cycles after the last bit in the 
synchronous 
character 
is received. 
Character 
assembly 
begins on the 
rising edge of the receive clock immediately 
preceding 
the activation 
of 
SYNC. 


In the Internal Synchronization 
mode (Monosync 
and Bisync) with the 
crystal oscillator 
not selected, 
these pins act as outputs and are active 
only during the part of the receive clock cycle in which synchronous 
characters 
are recognized. 
The synchronous 
condition 
is not latched, 
so these outputs are active each time a synchronization 
pattern is 
recognized 
(regardless 
of characters 
boundaries). 
In SDlC 
mode, these 
pins act as outputs and are valid on receipt of a flag. 


RTxCA 
12 
13 
I 
RECEIVE/TRANSMIT 
CLOCKS: 
These pins can be programmed 
in 
RTxCs 
28 
32 
I 
several different 
modes of operation. 
In each channel, 
RTxC may 
supply the receive clock, the transmit 
clock, the clock for the baud rate 
generator, 
or the clock for the Digital Phase locked 
loop. 
These pins 
can be programmed 
for use with the respective 
SYNC pins as a crystal 
oscillator. 
The receive clock may be 1, 16, 32, or 64 times the data rate 
in Asynchronous 
modes. 


RxDA 
13, 
14 
I 
RECEIVE 
DATA: These lines receive serial data at standard 
TTl 
levels. 
RxDs 
27 
31 
I 


TRxCA 
14 
15 
1/0 
TRANSMIT/RECEIVE 
CLOCKS: 
These pins can be programmed 
in 
TRxCs 
26 
30 
1/0 
several different 
modes of operation. 
TRxC may supply the receive 
clock or the transmit 
clock in the input mode or supply the output of the 
Digital Phase locked 
loop, 
the crystal oscillator, 
the baud rate 
generator, 
or the transmit 
clock in the output mode. 


TxDA 
15 
16 
0 
TRANSMIT 
DATA: These output signals transmit 
serial data at 
TxDs 
25 
29 
0 
standard 
TTl 
levels 


DTRA/REQA 
16 
19 
0 
DATA TERMINAL 
READY/REQUEST: 
These outputs follow the state 
OTRs/REas 
24 
27 
0 
proqrarnmed 
into the DTR bit. They can also be used as general 
purpose outputs or as Request 
lines for a DMA controller. 
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Table 1. Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 
DIP 
PLCC 


RTSA 
17 
20 
0 
REQUEST 
TO SEND: When the Request to Send (RTS) bit in 


RTSs 
23 
26 
0 
Write Register 5 is set (Figure 10), the RTS signal goes low. 
When 
the RTS bit is reset in the Asynchronous 
mode and Auto Enable is 
on, the signal goes High after the transmitter 
is empty. In 
Synchronous 
mode or in Asynchronous 
mode with Auto Enable 
off, the RTS pin strictly follows the state of the RTS bit. Both pins 
can be used as general-purpose 
outputs. 


CTSA 
18 
21 
I 
CLEAR TO SEND: If these pins are programmed 
as Auto Enables, 


CTSs 
22 
25 
I 
a low 
on the inputs enables the respective 
transmitters. 
If not 
programmed 
as Auto Enables, they may be used as general- 
purpose inputs. Both inputs are SChmitt-trigger 
buffered 
to 
accommodate 
slow rise-time 
inputs. The SCC detects 
pulses on 
these inputs and can interrupt the CPU on both logic level 
transitions. 


CDA 
19 
22 
'1 
CARRIER 
DETECT: These pins function 
as receiver enables 
if 


COs 
21 
24 
I 
they are programmed 
for Auto Enables; otherwise 
they may be 
used as general·purpose 
input pins. Both pins are Schmitt-trigger 
buffered 
to accommodate 
slow rise time signals. The SCC detects 
pulses on these pins and can interrupt the CPU on both logic level 
transitions. 


ClK 
20 
23 
I 
CLOCK: This is the system SCC clock used to synchronize 
internal 
signals. 


GND 
31 
35 
GROUND 


DIG 
32 
37 
I 
DATA/COMMAND 
SELECT: This signal defines the type of 
information 
transferred 
to or from the SCC. A High means data is 
transferred; 
a low 
indicates 
a command. 


CS 
33 
38 
I 
CHIP SELECT: This signal selects the SCC for a read or write 
operation. 


A/B 
34 
39 
I 
CHANNEL 
A/CHANNEL 
B SELECT: This signal selects the 
channel 
in which the read or write operation 
occurs. 


WR 
35 
40 
I 
WRITE: When the SCC is selected 
this signal indicates 
a write 
operation. 
The coincidence 
of RD and WR is interpreted 
as a 
reset. 


RD 
36 
41 
I 
READ: This signal indicates 
a read operation 
and when the SCC is 
selected, 
enables the SCC's bus drivers. During the Interrupt 
Acknowledge 
cycle, this signal gates the interrupt vector onto the 
bus if the SCC is the highest priority device requesting 
an interrupt. 
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GENERAL 
DESCRIPTION 


The Intel 82350 Serial Communications Controller 
(SCC)is a dual-channel, multi-protocol data commu- 
nications peripheral. The SCC functions as a serial- 
to-parallel, 
parallel-to-serial 
convertor/controller. 


The SCC can be software-configured to satisfy a 
wide range of serial communications applications. 
The device contains sophisticated internal functions 
including on-chip baud rate generators, digital phase 
locked loops, various data encoding and decoding 
schemes, and crystal oscillators that reduce the 
need for external logic. 


In addition, diagnostic capabilities-automatic 
echo 
and local loopback-allow 
the user to detect and 
isolate a failure in the network. They greatly improve 
the reliability and fault isolation of the system. 


The SCC handles Asynchronous formats, Synchro- 
nous byte-oriented protocols such as IBM Bisync, 
and Synchronous bit-oriented protocols such as 
HDLC and IBM SDLC.This versatile device supports 
virtually any serial data transfer application (Termi- 
nal, Personal Computer, Peripherals, Industrial Con- 
troller, Telecommunication sytem, etc.). 


The 82530 can generate and check CRC codes in 
any Synchronous mode and can be programmed to 
check data integrity in various modes. The SCC also 
has facilities for modem control in both channels. In 
applications where these controls are not needed, 
the modem control can be used for general purpose 
I/O. 


The Intel 82530 is designed to support Intel's 
MCS51/96, iAPX 86/88 and iAPX 186/188 families. 


ARCHITECTURE 


The 82530 internal structure includes two full-duplex 
channels, two baud rate genera~ors,internal control 
and interrupt logic, and a bus interface to a non-mul- 
tiplexed CPU bus. Associated with each channel are 
a number of read and write registers for mode con- 
trol and status information, as well as logic neces- 
sary to interface modems or other external devices. 


The logic for both channels provides formats, syn- 
chronization, and validation for data transferred to 
and from the channel interface. The modem control 


inputs are monitored by the control logic under pro- 
gram control. All of the modem control signals are 
general-purpose in nature and can optionally be 
used for functions other than modem control. 


The register set for each channel includes ten con- 
trol (write) registers, two synchronous character 
(write) registers, and four status (read) registers. In 
addition, each baud rate generator has two (read/ 
write) registers for holding the time constant that de- 
termines the baud rate. Finally, associated with the 
interrupt logic is a write register for the interrupt vec- 
tor accessible through either channel, a write-only 
Master Interrupt Control register and three read reg- 
isters; one containing the vector with status informa- 
tion (Channel B only), one containing the vector 
without status (A only), and one containing the Inter- 
rupt Pending bits (A only). 


The registers for each channel are designated as 
follows: 


WRO-WR15-Write 
Registers 0 through 15. 


RRO-RR3, RR1O,RR12, RR13, RR15-Read 
Reg- 


isters 0 through 3, 10, 12, 13, 15. 


Table 2 lists the functions assigned to each read or 
write register. The SCC contains only one WR2 and 
WR9, but they can be accessed by either channel. 
All other registers are paired (one for each channel). 


DATA PATH 


The transmit and receive data path illustrated in Fig- 
ure 3 is identical for both channels. The receiver has 
three 8-bit buffer registers in a FIFO arrangement, in 
addition to the 8-bit receive shift register. This 
scheme creates additional time for the CPU to serv- 
ice an interrupt at the beginning of a block of high- 
speed data. Incoming data is routed through one of 
several paths (data or CRC) depending on the se- 
lected mode (the character length in asynchronous 
modes also determines the data path). 


The transmitter has an 8-bit transmit data buffer reg- 
ister loaded from the internal data bus and a 20-bit 
transmit shift register that can be loaded either from 
the sync-character registers or from the transmit 
data register. Depending on the operational mode, 
outgoing data is routed through one of four main 
paths before it is transmitted from the Transmit Data 
output (TxD). 


2-155 


inter 
82530/82530-6 


Table 2. Read and Write Register 
Functions 


READ 
REGISTER 
FUNCTIONS 
RRO 
Transmit/Receive buffer status and Exter- 
nal status 


RR1 
Special Receive Condition status 


RR2 
Modified interrupt vector 
(Channel B only) 
Unmodified interrupt 
(Channel A only) 


RR3 
Interrupt Pending bits 
(Channel A only) 


RRS 
Receive buffer 


RR10 
Miscellaneous status 


RR12 
Lower byte of baud rate generator time 
constant 


RR13 
Upper byte of baud rate generator time 
constant 


RR15 
External/Status interrupt information 


WRITE 
REGISTER 
FUNCTIONS 
WRO 
CRC initialize, initialization commands for 
the various modes, shift right/shift 
left 
command 


WR1 
Transmit/Receive 
interrupt 
and 
data 
transfer mode definition 


WR2 
Interrupt vector (accessed through either 
channel) 


WR3 
Receive parameters and control 


WR4 
Transmit/Receive miscellaneous parame- 
ters and' modes 


Transmit parameters and controls 
Sync characters or SOLC address field 
Sync character or SOLC flag 
Transmit buffer 
Master interrupt control and reset (ac- 
cessed through either channel) 


WR10 
Miscellaneous transmitter/receiver control 
bits 


WR11 
Clock Mode control 


WR12 
Lower Byte of baud rate generator time 
constant 


WR13 
Upper Byte of baud rate generator time 
constant 


WR14 
Miscellaneous control bits 


WR15 
External/Status interrupt control 


WR5 


WR6 


WR7 


WRS 


WR9 
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FUNCTIONAL 
DESCRIPTION 


The functional capabilities of the SCC can be de- 
scribed from two different points of view: as a data 
communications device, it transmits and receives 
data in a wide variety of data communications proto- 
cols; as a microprocessor peripheral, it interacts with 
the CPU and provides vectored interrupts and hand- 
shaking signals. 


DATA COMMUNICATIONS 
CAPABILITIES 


The 
SCC provides two 
independent full-duplex 
channels programmable for use in any common 
asynchronous or synchronous data-communications 
protocol. Figure 4 and the following description brief- 
ly detail these protocols. 


Asynchronous 
Modes 


Transmission and reception can be accomplished 
independently on each channel with five to eight bits 
per character, plus optional even or odd parity. The 
transmitter can supply one, one-and-a-half or two 
stop bits per character and can provide a break out- 
put at any time. The receiver break-detection logic 


interrupts the CPU both at the start and at the end of 
a received break. Reception is protected 
from 
spikes by a transient spike-rejection mechanism that 
checks the signal one-half a bit time after a Low 
level is detected on the receive data input (RxDA or 
RxDs). If the Low does not persist (as in the case of 
a transient), the character assembly process does 
not start. 


Framing errors and overrun errors are detected and 
buffered together with the partial character on which 
they occur. Vectored interrupts allow fast servicing 
of error conditions using dedicated routines. Further- 
more, a built-in checking process avoids the inter- 
pretation of a framing error as a new start bit: a fram- 
ing error results in the addition of one-half a bit time 
to the point at which the search for the next start bit 
begins. 


The SCC does not require symmetric transmit and 
receive clock signals-a 
feature allowing use of the 
wide variety of clock sources. The transmitter and 
receiver can handle data at a rate of 1, 1,1,6, %2 or 
1,164 of the clock rate supplied to the receive and 
transmit clock inputs. In the asynchronous modes, a 
.data rate equal to the clock rate, 1x mode, requires 
external synchronization. In asynchronous modes, 
the SYNC pin may be programmed as an input used 
for functions such as monitoring a ring indicator. 


SYNC 
DATA 
:; 


DATA 
CRC, 
CRC2 I 


MONOSYNC 


SYNC 
SYNC I 
DATA 
:: 


DATA I 
CRC, 
CRC2 


SIGNAL 
BISYNC 
i 
I 


DATA 
~; 


DATA 
CRC, 
CRC2 


EXTERNAL 
SYNC 


FLAG I ADDRESS I 
INFO:~ATION 
CRC, 
CRC2 
FLAG 


SDLC/HDLC/X.25 
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Figure 4. sec Protocols 
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Synchronous 
Modes 


The SCC supports 
both byte-oriented 
and bit-orient- 
ed synchronous 
communication. 
Synchronous-byte- 
oriented 
protocols 
can be handled 
in several 
modes 
allowing 
character 
synchronization 
with 
a 6-bit 
or 
8-bit synchronous 
character 
(Monosync), 
any 12-bit 
or 16-bit 
synchronous 
pattern 
(Bisync), 
or with 
an 
external 
synchronous 
signal. 
Leading 
synchronous 
characters 
can be removed 
without 
interrupting 
the 
CPU. 


5- or 7-bit synchronous 
characters 
are detected 
with 
8- or 16-bit patterns 
in the SCC by overlapping 
the 
larger pattern across multiple 
incoming 
synchronous 
characters 
as shown 
in Figure 5. 


CRC checking 
for Synchronous 
byte-oriented 
mode 
is delayed 
by one character 
time 
so that 
the CPU 
may disable 
CRC checking 
on specific 
characters. 
This 
permits 
the 
implementation 
of protocols 
such 
as IBM Bisync. 


Both CRC-16 
(X16 + X15 + X2 + 1) and CCITT 
(X16 + X12 + X5 + 1) error checking 
polynomials 
are supported. 
Either polynomial 
may be selected 
in 
all synchronous 
modes. 
Users may preset the CRC 
generator 
and checker 
to all 1s or all Os. The SCC 
also provides 
a feature 
that automatically 
transmits 
CRC data when no other data is available 
for trans- 
mission. 
This 
allows 
for 
high-speed 
transmissions 
under OMA control, 
with no need for CPU interven- 
tion at the end of a message. 
When there is no data 
or CRC to send in synchronous 
modes, the transmit- 
ter inserts 
6-, 8-, or 16-bit synchronous 
characters, 
regardless 
of the programmed 
character 
length. 


The 
SCC supports 
synchronous 
bit-oriented 
proto- 
cols, such as SOLC and HOLC, by performing 
auto- 
matic flag sending, 
zero insertion, 
and CRC genera- 
tion. 
A special 
command 
can 
be used 
to abort 
a 
frame in transmission. 
At the end of a message, 
the 
SCC 
automatically 
transmits 
the 
CRC 
and 
trailing 
flag when the transmitter 
underruns. 
The transmitter 
may also be programmed 
to send an idle line con- 


sisting 
of 
continuous 
flag 
characters 
or. a steady 
marking 
condition. 


If a transmit 
underrun 
occurs in the middle of a mes- 
sage, an external 
status 
interrupt 
warns the CPU of 
this status 
change 
so that an abort 
may be issued. 
The SCC may also be programmed 
to send an abort 
itself 
in case 
of an underrun, 
relieving 
the CPU of 
this task. One to eight bits per character 
can be sent 
allowing 
reception 
of a message 
with no prior infor- 
mation about the character 
structure 
in the informa- 
tion field of a frame. 


The receiver 
automatically 
acquires 
synchronization 
on the 
leading 
flag 
of a frame 
in SOLC 
or HOLC 
mode and provides 
a synchronization 
signal on the 
SYNC 
pin (an interrupt 
can also 
be programmed). 
• 
The 
receiver 
can 
be 
programmed 
to 
search 
for 
frames addressed 
by a single byte (or four bits within 
a byte) 
of a user-selected 
address 
or to a global 
broadcast 
address. 
In this mode, frames 
not match- 
ing either 
the 
user-selected 
or broadcast 
address 
are ignored. 
The 
number 
of address 
bytes 
can be 
extended 
under software 
control. 
For receiving 
data, 
an interrupt 
on the 
first 
received 
character, 
or an 
interrupt 
on every character, 
or on special 
condition 
only 
(end-of-frame) 
can 
be selected. 
The 
receiver 
automatically 
deletes 
all Os inserted 
by the transmit- 
ter during character 
assembly. 
CRC is also calculat- 
ed and is automatically 
checked 
to validate 
frame 
transmission. 
At the end of transmission, 
the status 
of a received 
frame 
is available 
in the status 
regis- 
ters. In SOLC mode, the SCC must be programmed 
to use the SOLC CRC polynomial, 
but the generator 
and checker may be preset to all 1s or all Os. The CRC 
is inverted 
before 
transmission 
and 
the 
receiver 
checks 
against the bit pattern 
0001110100001111. 


NRZ, 
NRZI 
or FM coding 
may be used 
in any 1X 
mode. The parity options 
available 
in asynchronous 
modes are available 
in synchronous 
modes. 


The SCC can be conveniently 
used under OMA con- 
trol to provide 
high-speed 
reception 
or transmission. 


5 BITS 


SYN~ 
SYNC 


~ 
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Figure 5. Detecting 5- or 7-Bit Synchronous Characters 
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In reception, for example, the SCC can interrupt the 
CPU when the first character of a message is re- 
ceived. The CPU then enables the OMA to transfer 
the message to memory. The SCC then issues an 
end-of-frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU is 
freed for other service while the message is being 
received. The CPU may also enable the OMA first 
and have the SCC interrupt only on end-of-frame. 
This procedure allows all data to be transferred via 
OMA. 


SOLe 
LOOP MODE 


The SCC supports SOLC Loop mode in addition to 
normal SOLC. In a loop topology, there is a primary 
controller station that manages the message traffic 
flow and any number of secondary stations. In Loop 
mode, the SCC performs the functions of a second- 
ary station while an SCC operating in regular SOLC 
mode can act as a controller (Figure 6). 
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Figure 6. An SOLe Loop 


A secondary station in an SOLC Loop is always lis- 
tening to the messages being sent around the loop, 
and in fact must pass these messages to the rest of 
the loop by retransmitting them with a one-bit-time 
delay. The secondary station can place its own mes- 
sage on the loop only at specific times. The control- 
ler signals that secondary stations may transmit 
messages by sending a special character, called an 
EOP (End of Poll), around the loop. The EOP char- 
acter is the bit pattern 11111110. Because of zero 


insertion during messages, this bit pattern is unique 
and easily recognized. 


When a secondary station has a message to trans- 
mit and recognizes an EOP on the line, it changes 
the last binary one of the EOP to a zero before 
transmission. This has the effect of turning the EOP 
into a flag sequence. The secondary station now 
places its message on the loop and terminates the 
message with an EOP. Any secondary stations fur- 
ther down the loop with messages to transmit can 
then append their messages to the message of the 
first secondary station by the same process. Any 
secondary stations without messages to send mere- 
ly echo the incoming messages and are prohibited 
from placing messages on the loop (except upon 
recognizing an EOP). 


SOLC Loop mode is a programmable option in the 
SCC. NRZ, NRZI, and FM coding may all be used in 
SOLC Loop mode. 


BAUD RATE GENERATORS 


Each channel in the SCC contains a programmable 
Baud rate generator. Each generator consists of two 
a-bit time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-flop on 
the output producing a square wave. On startup, the 
flip-flop on the output is set in a High state, the value 
in the time constant register is loaded into the coun- 
ter, and the counter starts counting down. The out- 
put of the baud rate generator toggles upon reach- 
ing zero, the value in the time constant register is 
loaded into the counter, and the process is repeat- 
ed. The time constant may be changed at any time, 
but the new value does not take effect until the next 
load of the counter. 


The output of the baud rate generator may be used 
as either the transmit clock, the receive clock, or 
both. It can also drive the digital phase-locked loop 
(see next section). 


If the receive clock or transmit clock is not pro- 
grammed to come from the TRxC pin, the output of 
the baud rate generator may be echoed out via the 
TRxC pin. 


The following formula relates the time constant to 
the baud rate. (The baud rate is in bits/second, the 
BR clock frequency is in Hz, and clock mode is 1, 
16, 32, or 64.) 


time 
constant 
.,....-:=B.:...R.:...C:..:.lo:..:c:..:.k.:...fr:..:.e..::!q.::.ue:..:.n.:.:cc!...Y 
2 


2 
x 
baud 
rate 
x 
clock 
mode 
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Table 3. Time Constant Values for Standard 
Baud Rates at BR Clock = 3 9936 MHz 
Rate 
Time Constant 
Error 
(BAUD) 
(decimal notation) 
19200 
102 
- 
9600 
206 
- 
7200 
275 
0.12% 
4800 
414 
- 
3600 
553 
0.06% 
2400 
830 
- 
2000 
996 
0.04% 
1800 
1107 
0.03% 
1200 
1662 
- 
600 
3326 
- 
300 
6654 
- 
150 
13310 
- 
134.5 
14844 
0.0007% 
110 
18151 
0.0015% 
75 
26622 
- 
50 
39934 
- 


DIGITAL 
PHASE LOCKED 
LOOP 


The SCC contains 
a digital phase locked-loop 
(DPLL) to recover clock information from a data- 
stream with NRZI or FM encoding. The DPLL is driv- 
'en by a clock that is nominally 32 (NRZI) or 16 (FM) 
times the data rate. The DPLL uses this clock, along 
with the datastream, to construct a clock for the 
data. This clock may then be used as the SCC re- 
ceive clock, the transmit clock, or both. 


For NRZI coding, the DPLL counts the 32X clock to 
create nominal bit times. As the 32X clock is count- 
ed, the DPLL is searching the incoming datastream 
for edges (either 1/0 or 0/1). Whenever an edge is 
detected, the DPLL makes a count adjustment (dur- 
ing the next counting cycle), producing a terminal 
count closer to the center of the bit cell. 


For FM encoding, the DPLL still counts from 1 to 31, 
but with a cycle corresponding to two bit times. 
When the DPLL is locked, the clock edges in the 
datastream should occur between counts 15 and 16 
and between counts 31 and O.The DPLL looks for 
edges only during a time centered on the 
15/16 
counting transition. 


The 32X clock for the DPLL can be programmed to 
come from either the RTxC input or the output of the 
baud rate generator. The DPLL output may be pro- 
grammed to be echoed out of the SCCvia the TRxC 
pin (if this pin is not being used as an input). 


DATA ENCODING 


The SCC may be programmed to encode and de- 
code the serial data in four different ways (Figure 7). 


In NRZ encoding, a 1 is represented by a High level 
and a 0 is represented by a Low level. In NRZI en- 
coding, as 1 is represented by no change in level 
and a 0 is represented by a change in level. In FM1 
(more properly, bi-phase mark) a transition occurs at 
the beginning of every bit cell. A 1 is represented by 


. an additional transition at the center of the bit cell 
and a 0 is represented by no additional transition at 
the center of the bit cell. In FMo (bi-phase space), a 
transition occurs at the beginning of every bit cell. A 
o is represented by an additional transition at the 
center of the bit cell, and a 1 is represented by no 
additional transition at the center of the bit cell. In 
addition to these four methods, .the SCC can be 
used to decode Manchester (bi-phase level) data by 
using the DPLL in the FM mode and programming 
the receiver for NRZ data. Manchester encoding al- • 
ways produces a transition at the center of the bit 
cell. If the transition is 011 the bit is a O.If the tran- 
sition is 110 the bit is a 1. 


AUTO ECHO AND LOCAL LOOPBACK 


The SCC is capable of automatically echoing every- 
thing it receives. This feature is useful mainly in 
asynchronous modes, but works in synchronous and 
SDLC modes as well. In Auto Echo mode TxD is 
RxD. Auto Echo mode can be used with NRZI or FM 
encoding with no additional delay, because the data- 
stream is not decoded before retransmission. In 
Auto Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this input 
can still cause interrupts if programmed to do so). In 
this mode, the transmitter is actually bypassed and 
the programmer is responsible for disabling transmit- 
ter interrupts and READYIREQUEST on transmit. 


The SCC is also capable of local loopback. In this 
mode, TxD is RxD just as in Auto Echo mode. How- 
ever, in Local Loopback mode, the internal transmit 
data is tied to the internal receive data and RxD is 
~ored 
(except to be echoed out via TxD). CTS and 
CD inputs are also ignored as transmit and receive 
enables. However, transitions on these inputs can 
still cause interrupts. Local Loopback works in asyn- 
chronous, synchronous and SDLC modes with NRZ, 
NRZI or FM coding of the data stream. 


SERIAL 
BIT RATE 


To run the 82530 (4 MHz/6 MHz) at 1/1.5 Mbps the 
receive and transmit clocks must be externally gen- 
erated and synchronized to the system clock. If the 
serial clocks (RTxC and TRxC) and the system clock 
(CLK) are asynchronous, the maximum bit rate is 
880 Kbps/1.3 Mbps. For self-clocked operation, Le 
using the on chip DPLL, the maximum bit rate is 
125/187 
Kbps if NRZI coding is used and 250/375 
Kbps if FM coding is used. 
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Figure 
7. Data Encoding 
Methods 


Table 
4. Maximum 
Bit Rates 


Mode 
System 
System 
Clock! 
Serial 
Bit Rate 
Conditions 
Clock 
Serial 
Clock 


Serial clocks 
4MHz 
4 
1 Mbps 
Serial clocks synchronized 
with system 
generated 
clock. Refer to parameter 
# 3 and 10 in 
externally 
general timings. 


6MHz 
4 
1.5 Mbps 
Serial clocks synchronized 
with system 
clock. Refer to parameter 
# 3 and # 10 
in general timings. 


4MHz 
4.5 
880 Kbps 
Serial clocks and system clock 
asynchronous. 


6MHz 
4.5 
1.3 Mbps 
Serial clocks and system clock 
asynchronous 
Self-clocked 
operation 
NRZI 
4MHz 
32 
125 Kbps 
6MHz 
32 
187 Kbps 
FM 
4MHz 
16 
250 Kbps 
6MHz 
16 
375 Kbps ' 


ASYNC 
4MHz 
16 
62.5 Kbps 
6MHz 
16 
93.75 Kbps 


I/O INTERFACE CAPABILITIES 
function 
is performed. 
For example, 
end-of-frame 
in 
SOLC mode sets a bit in one of these 
status 
regis- 
ters. The idea behind 
polling 
is for the CPU to peri- 
odically 
read a status register 
until the register 
con- 
tents 
indicate 
the need for data to be transferred. 
Only one register needs to be read; depending 
on its 
contents, 
the CPU either writes data, reads data, or 
continues. 
Two bits in the register 
indicate 
the need 
for data transfer. 
An alternative 
is a poll of the Inter- 
rupt Pending 
register 
to determine 
the source 
of an 
interrupt. 
The 
status 
for 
both 
channels 
resides 
in 
one register. 


The SCC offers the choice 
of Polling, Interrupt 
(vec- 
tared or nonvectored) 
and Block Transfer 
modes to 
transfer 
data, status, and control 
information 
to and 
from the CPU. The Block Transfer 
mode can be im- 
plemented 
under CPU or OMA control. 


POLLING 


All interrupts 
are disabled. 
Three 
status registers 
in 
the 
SCC are automatically 
updated 
whenever 
any 
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INTERRUPTS 


When a SCC responds to an Interrupt Acknowledge 
signal (INTA) from the CPU, an interrupt vector may 
be placed on the data bus. This vector is written in 
WR2 and may be read in RR2A or RR2B (Figures 9 
and 10). 


To speed interrupt response time, the SCC can 
modify three bits in this vector to indicate status. If 
the vector is read in Channel A, status is never in- 
cluded; if it is read in Channel B, status is always 
included. 


Each of the six sources of interrupts in the SCC 
(Transmit, Receive and External/Status interrupts in 
both channels) has three bits associated with the 
interrupt source: Interrupt Pending (IP), Interrupt Un- 
der Service (IUS), and Interrupt Enable (lE). Opera- 
tion of the lE bits is straightforward. If the lE bit is set 
for a given interrupt source, then that source can 
request interrupts. The exception is when the MIE 
(Master Interrupt Enable) bit in WR9 is reset and no 
interrupts may be requested. The lE bits are write- 
only. 


The other two bits are related to the interrupt priority 
chain (Figure 8). As a peripheral, the SCC may re- 
quest an interrupt only when no higher-priority de- 
vice.is requesting one, e.g., when IEI is High. If the 
device in question requests an interrupt, it pulls 
down INT. The CPU then responds with INTA, and 
the interrupting device places the vector on the data 
bus. 


In the SCC, the IP bit signals a need for interrupt 
servicing. When an IP bit is 1 and the IEI input is 
High, the INT output is pulled Low, requesting an 
interrupt. In the SCC, if the lE bit is not set by en- 
abling interrupts, then the IP for that source can nev- 
er be set. The IP bits are readable in RR3A. 


The IUS bits signal that an interrupt request is being 
serviced. If an IUS is set, all interrupt sources of low- 
er priority in the SCC and external to the SCC are 
prevented from requesting interrupts. The internal 
interrupt sources are inhibited by the state of the 
internal daisy chain, while lower priority devices are 
inhibited by the IEO output of the SCC being pulled 
Low and propagated to subsequent peripherals. An 
IUS bit is set during an Interrupt Acknowledge cycle 
if there are no higher priority devices requesting in- 
terrupts. 


There are three types of interrupts: Transmit, Re- 
ceive and External/Status interrupts. Each interrupt 
type is enabled under program control with Channel 
A having higher priority than Channel B, and with 
Receiver, Transmit and External/Status interrupts 
prioritized in that order within each channel. When 
the Transmit interrupt is enabled, the CPU is inter- 
rupted when the transmit buffer becomes empty. 
(This implies that the transmitter must have had a 
data character written into it so that it can become 
empty.) When enabled, the receiver can interrupt the 
CPU in one of three ways: 
• Interrupt on First Receive Character or Special 
Receive condition. 


• Interrupt on all Receive Characters or Special 
Receive condition. 
• Interrupt on Special Receive condition only. 


Interrupt-on-First-Character 
or 
Special-Condition 
and Interrupt-on-Special-Condition-Only are typically 
used with the Block Transfer mode. A Special-Re- 
ceive-Condition is one of the following: receiver 
overrun, framing error in Asynchronous mode, End- 
of-Frame in SOLC mode and, optionally, a parity 
error. The Special-Receive-Condition interrupt is dif- 
ferent from an ordinary receive character available 
interrupt only in the status placed in the vector 


scc - 


HIGHEST PRIORITY 


+5V 


scc 
scc 
LOWEST PRIORITY 


DBO-DB7 


INT 


INTA .----i~----------~------------------~------------------~ 


+5V 
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Figure 8. Daisy Chaining SCC's 
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during the Interrupt-Acknowledge 
cycle. 
In Interrupt 
on First Receive 
Character, 
an interrupt 
can occur 
from 
Special 
Receive 
conditions 
any time after the 
first receive 
character 
interrupt. 


The main function 
of the ExternallStatus 
interrupt 
is 
to monitor the signal transitions 
of the CTS, CD, and 
SYNC pins; however, 
an ExternallStatus 
interrupt 
is 
also caused 
by a Transmit 
Underrun 
condition, 
or a 
zero count in the baud rate generator, 
or by the de- 


tection 
of 
a 
Break 
(asynchronous 
mode), 
Abort 


(SDLC mode) or EOP (SDLC Loop mode) sequence 
in the 
data 
stream. 
The 
interrupt 
caused 
by the 
Abort or EOP has a special feature allowing the SCC 
to interrupt 
when the Abort or EOP sequence 
is de- 


tected 
or 
terminated. 
This 
feature 
facilitates 
the 
proper 
termination 
of the current 
message, 
correct 
initialization 
of the next message, 
and the accurate 
timing 
of 
the 
Abort 
condition 
in external 
logic 
in 
SDLC mode. In SDLC Loop mode this feature allows 
secondary 
stations 
to recognize 
the wishes 
of the 
primary station to regain control 
of the loop during a 
poll sequence. 


CPU/DMA 
BLOCK TRANSFER 


The SCC provides 
a Block Transfer 
mode to accom- 


modate 
CPU block transfer 
functions 
and DMA con- 


trollers. 
The Block Transfer 
mode uses the READY I 
REQUEST 
output 
in conjunction 
with the READY I 
REQUEST 
bits in WR1. The READY/REQUESTout- 
put 
can 
be 
defined 
under 
software 
control 
as 
a 
READY line in the CPU Block Transfer 
mode (WR1; 


06 
= 
0) or as a request 
line 
in the 
DMA 
Block 


Transfer 
mode (WR1; 06 = 1). To a DMA controller, 
the SCC REQUEST 
output 
indicates 
that the SCC is 


ready 
to transfer 
data to or from 
memory. 
To the 
CPU, The READY 
line indicates 
that the SCC is not 


ready to transfer 
data, thereby ~uesting 
that 
the 
CPU extend the 1/0 cycle. The DTRIREQUEST 
line 


allows full-duplex 
operation 
under DMA control. 


PROGRAMMING 


Each channel 
has fifteen 
Write registers 
that are in- 
dividually 
programmed 
from the system 
bus to con- 


figure 
the 
functional 
personality 
of 
each 
channel. 


Each 
channel 
also 
has eight 
Read 
registers 
from 
which the- system 
can read Status, 
Baud rate, or In- 
terrupt 
information. 


Only the four data registers 
(Read, 
Write for chan- 
nels A and B) are directly 
selected 
by a High on the 
DIG input and the appropriate 
levels on the RD, WR 
and AlS 
pins. All other registers 
are addressed 
indi- 
rectly by the content 
of Write Register 
0 in conjunc- 
tion with a Low on the DIG input and the appropriate 
levels on the RD, WR and AlS 
pins. If bit 3 in WWO 
is 1 and bits 4 and 5 are 0 then bits 0, 1, 2 address 
the higher registers 
8 through 
15. If bits 3, 4, 5 con- 


tain a different 
code, 
bits 0, 1, 2 address 
the lower 


registers 
0 through 
7 as shown 
on Table 5. 


Writing 
to or reading 
from any register 
except 
RRO, 


WRO and the Data Registers 
thus involves 
two oper- 
ations. 


Table 5_Register 
Addressing 


D/C "Point High" 
D2 
D1 
DO 
Write 
Read 
Code 
in WRO 
inWRO 
Register 
Register 


High 
Either Way 
X 
X 
X 
Data 
Data 
Low 
Not True 
0 
0 
0 
0 
0 
Low 
Not True 
0 
0 
1 
1 
1 


Low 
Not True 
0 
1 
0 
2 
2 
Low 
Not True 
0 
1 
1 
- 
3 
3 
Low 
Not True 
1 
0 
0 
4 
(0) 
Low 
Not True 
1 
0 
1 
5 
(1) 
Low 
Not True 
1 
1 
0 
6 
(2) 


Low 
Not True 
1 
1 
1 
7 
(3) 


Low 
True 
0 
0 
0 
Data 
Data 
Low 
True 
0 
0 
1 
9 
- 
Low 
True 
0 
1 
0 
10 
10 


Low 
True 
0 
1 
1 
11 
(15) 


Low 
True 
1 
0 
0 
12 
12 


Low 
True 
1 
0 
1 
13 
13 
Low 
True 
1 
1 
0 
14 
(10) 
Low 
True 
1 
1 
1 
15 
15 
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First write the appropriate code into WRO,then fol- 
low this by a write or read operation on the register 
thus specified. Bits 0 through 4 in WWOare automat- 
ically cleared after this operation, so that WWOthen 
points to WROor RROagain. 


Channel AlChannel B selection is made by the AlS 
input (High = A, Low = B) 


The system program first issues a series of com- 
mands to initialize the basic mode of operation. This. 
is followed by other commands to qualify conditions 
within the selected mode. For example, the Asyn- 
chronous mode, character length, clock rate, num- 
ber of stop bits, even or odd parity might be set first. 
Then the interrupt mode would be set, and finally, 
receiver or transmitter enable. 


READ REGISTERS 


The SCC contains eight read registers (actually nine, 
counting the receive buffer (RR8) in each channel). 
Four of these may be read to obtain status informa- 
tion (RRO, RR1, RR10, and RR15). Two registers 


(RR12 and RR13) may be read to determine the 
baud rate generator time constant. RR2 contains ei- 
ther the unmodified interrupt vector (Channel A) or 
the vector modified by status information (Channel 
B). RR3 contains the Interrupt Pending (lP) bits 
(Channel A). Figure 9 shows the formats for each 
read register. 


The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring: e.g. when the 
interrupt vector indicates a Special Receive Condi- 
tion interrupt, all the appropriate error bits can be 
read from a single register (RR1). 


WRITE 
REGISTERS 


The SCC contains 15 write registers (16 counting. 
WR8, the transmit buffer) in each channel. These 
write registers are programmed separately to config- 
ure the functional "personality" of the channels. In 
addition, there are two registers (WR2 and WR9) 
shared by the two channels that may be accessed 
through either of them. WR2 contains the interrupt 
vector for both channels, while WR9 contains the 
interrupt control bits. Figure 10 shows the format of 
each write register. 
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lIa CHARACTEII 
AVAlLAllLE 


ZEIIOCOUNT 
L... 
Ta BUFl'EII 
EMPTY 
L.. 
CD 


1.- 
8VNCIHUNT 
L- 
~ 


~------~-----Ta~EM~EOM 
L...-------~-~-~BII~~A80~ 


ALLBENT 


IIESlDUE 
CODE 
2 
L... 
IIESlDUE 
CODE 
1 
L... 
IIESIDUE 
CODE0 
L.. 
PiUlITT 
EIIIIOII 
L.. 
Ra OVERRUN 
ERIIOR 


L- 
CRClfRAMlNG 
ERIIOII 
L.. 
END OFfRAME(SDLC) 
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v, 
••.... 
---\<z 
L... 
V, 
INTERRUPT 
VECTOR" 
~--------~ 
...... 
--------VS 
L- 
v. 
~-----------~ 


"MOOIFIED 
INBCHANNEL 
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CHANNELBEXWSTATI~ 


CHANNELBT. IP" 


~----CHANNEL 
BA.,P" 
L...------,CHANNELAEXWSTATI~ 


•••••• 
--------CHANNEL 
AT.,P" 


'-----------CHANNEL 
AA. IP" 
L... 
O 
...... 
--------~----O 


"ALWAVS 
0INBCHANNEL 
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o 


ONLOOP 
...... 
----0 
...... 
------0 


L...--------LOOPSENDWG 
~--------O 
L...~----------- 
TWOCLOCKSMIlliNG 
L... 
ONECLOCKMISSING 
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Figure 
9" Read Register 
Bit Functions 
(Continued) 
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TCo 


TC, 


TCZ 


TC3 
LOWER B~ 
OF 


TC. 
TIME CONSTANT 


TCS 


TCo 


TC7 


UPPER 
BYTE OF 
TIME CONSTANT 
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ZERO COUNT 
lE 


'------ 
0 


'-------- 
CD lE 
L- 
SYNC/HUNT 
lE 


•••• ---------- 
CTSIE 


•••• ------------ 
T. UNDERRUNlEOM 
lE 
L- __ 
.;..;; 
~...;. 
__ 
BREAK/ABORT 
It 


Figure 9. Read Register Bit Functions (Continued) 
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WRITE 
REGISTER 
0 


(0710. 
Os I04 
03102101 
00 1 
I 
I 
I 


0 
0 
0 


0 
0 
1 


0 
1 
0 


>< 
0 
1 
1 


1 
0 
0 


1 
0 
1 


1 
1 
0 


1 
1 
1 


0 
0 
0 
NULLCOOE 


0 
0 
-1 
POINT 
HIGH 
REGIS 


0 
1 
0 
RESET 
EXT/STATU 


0 
1 
1 
SENOABORT 


1 
0 
0 
ENABLE 
INT ON N 


1 
!I 
1 
RESET Tx INT PEND 


1 
1 
0 
ERROR 
RESET 


1 
1 
1 
RESET 
HIGHEST 
IU 


0 
0 
NULLCOOE 


0 
1 
RESET 
R. CRe 
CHECKER 


1 
0 
RESET 
T. 
CRC 
GENERATOR 
1 
1 
RESET 
T. UNOERRUNlEOM 
LATCH 


00' 
10' 
20' 
30' 
40' 


50' 


60. 


70' 


TERGROUP 


S INTERRUPTS 


EXT Rx CHARACTER 


ING 


s- 


·CHANNEL·A 
ONLY 


230834-17 


WRITEREGISTER1 


EXT.!HT ENABLE 


T. IHT ENABLE 


L..----PIIUIITY 
IS SPECIALCONDITION 
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o 
0 
R. IHT DISABlE 


o 
1 
R.IHT ON FIRSTCHARACTER011 SPECIALCONDITION 
~-+~O~IHT ON ALL RaCHARACTERSOR SPECIALCONDITION 
'--....L._' .JRa tNT ON SPECIALCONDITIONONLY 


L------~~~·WDMAREQUESTONRECe~T 


'--------_EADY/DMA 
REQUESTFUNCTION 


'-----------REAOWDMAREQUESTE~ 


Figure 10. Write Register Bit Functions 
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V, 


v. 
L- 
v, 
L... 
V. 
L... 
V. 
L... 
.".... 
V. 


INTERRUPT 
VECTOR 
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R.ENABLE 


SYNC CHAAACTEA 
LOAD INHIBIT 


'----- 
ADOAEUIEAACH 
MOOE (SOLC) 


'------- 
Aa CRe ENAIILE 


•••••-------- 
ENTER ~MOOE 


'----------- 
NJTO ENABLES 


o 
0 
R. S BIn/CHARACTER 
o 
1 
R. 7 BlntCHARACTER 


1 
0 
R•• 
Bln/CHAIlACTER 
1 
l' 
R•• 
BIn/CHARACTER 
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Figure 
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TI CIIC ENABLE 


RTS 


'----- 
~/CIIC-lI 
L- 
TIENABLE 
L- 
SENDBIIEAK 


o 
0 
TI 5 BITS (011 LESS)/CHAIIACTEII 


o 
TI 7 BITs/CHAIIACTEII 


1 
0 
TI' 
BITS/CHARACTEII 


1 
1 
TI • BITs/CHAIIACTEII 


DTII 
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SYNC7 
SYtte. 
SYNC, 
SYNC. 
SYNC, 
SYNC. 
SYNC, 
SYNCo 
MONOSYNC 
8 BITS 
SYNC, 
SYNCo 
SYNCs 
SYNC. 
SYNC, 
SYNC. 
SYNC1 
SYNCo 
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6 BITS 
SYNC7 
SYNc. 
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SYNC. 
SYNC, 
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SYNCo 
BISYNC 16 BITS 
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1 
1 
1 
1 
BISYNC 12 BITS 
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X 
X 
X 
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VECTOR INCLUDESTATUS 


NO VECTOR 
••••• 
DISABLELOWERCHAIN 


'-------- 
MASTER INTERRUPTENABLE 


'---------STATUS 
HIGH/lITlTllIU!W 


'----------- 
NON-VECTOREDMODE' 


NO RESET 


CHANNEL RESET. 


CHANNEL RESET A 


FORCE HAROWARE RESET 
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'See 82530 Technical User's Manual for details of this mode. 
(Oocument e 230925-002 or -003) • 
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Figure 10.Write Register Bit Functions (Continued) 


volving the SCC to the falling edge of WR or RD in 2 
the second transaction involving the SCC. This time, 
TREC must be at least 6 ClK cycles plus 130 ns, for 
the 82530·6. 
The SCC generates internal control signals from WR 
and RD that are related to ClK. Since ClK has no 
phase relationship with WR and RD, the circuitry 
generating these internal control signals must pro- 
vide time for metastable conditions to disappear. 
This gives rise to a recovery time related to ClK. 
The recovery time applies only between bus trans- 
actions involvinq the SCC. The recovery time re- 
quired for pro~ 
operation is specified from the ris- 
ing edge of WR or RD in the first transaction in- 
. 


Read Cycle Timing 


Figure_11 illustr~tes Read cycle timi~ddresses 
on AlS and DIC and the status on INTA must re- 
main stable throughout the cycle. If CS falls after RD 
falls or if it rises before RD rises, the effective RD is 
shortened. 
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Figure 11. Read Cycle Timing 
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Write Cycle Timing 


Figure_12 iIIustr~tes Write cycle timi~ddresses 
on AlB and D/C and the status on INTA must re- 
main stable throughout the cycle. If CS falls after 
WR falls or if it rises before WR rises, the effective 
WR is shortened. 


Interrupt Acknowledge Cycle Timing 


Figure 13 illustrates Interrupt Acknowledge cycle 
timing. Between the time INTA goes Low and the 
falling edge of RD, the internal and external IEI/IEO 
daisy chains settle. If there is an interrupt pending in 
the SCC and IEI is High when RD falls, the Acknowl- 
edge cycle is intended for the SCC. In this case, the 
SCC may be programmed to respond to RD Low by 
placing its interrupt vector on Do-D7 and it then sets 
the appropriate Interrupt-Under-Service internally. 
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Figure 12. Write Cycle Timing 
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Cycle Timing 
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ABSOLUTE 
MAXIMUM 
RATINGS* 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Case Temperature 
Under Bias 
O°C to + 70°C 


Storage 
Temperature 
Ceramic 
Package 
- 65°C to + 150°C 
Plastic Package 
- 
-40°C 
to + 125°C 


Voltage 
on Any Pin with 
Respect to Ground 
-0.5V 
to + 7.0V 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
Tc = O°C to 70°C; VCC = + 5V ± 5% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vu, 
Input Low Voltage 
-0.3 
+0.8 
V 


Input High Voltage 
+204 
vcc +0.3 
V 
- 


VIH 


VOl 
Output Low Voltage 
+0.45 
V 
IOl = 2.0 mA 


VOH 
Output High Voltage 
+204 
V 
IOH = -250 
J.l.A 


III 
Input Leakage Current 
±10 
J.l.A 
OAVto 
2AV 


IOl 
Output Leakage Current 
±10 
J.l.A 
OAV to 2.4V 


Icc 
vcc Supply Current 
250 
mA 


CAPACITANCE 
Tc = 25°C; vcc = GND = OV 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


GIN 
Input Capacitance 
10 
pF 
fe = 1 MHz 


COUT 
Output Capacitance 
15 
pF 
Unmeasured 
pins 


CI/O 
Input/Output 
Capacitance 
20 
pF 
returned 
to GND 
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A.C CHARACTERISTICS 
Tc = O°C to + 70·C; vcc = + 5V ± 5% 


READ AND WRITE 
TIMING 


82530 (4 MHz) 
82530-6 
(6 MHz) 
Units 
Number 
Symbol 
Parameter. 


Min 
Max 
Min 
Max 


1 
tCl 
ClKlowTime 
105 
2000 
70 
1000 
ns 


2 
tCH 
ClK 
High Time 
105 
2000 
70 
1000 
ns 


3 
tf 
ClKFallTime 
20 
10 
ns 


4 
tr 
ClK 
Rise Time 
20 
15 
ns 


5 
tCY 
ClK 
Cycle Time 
250 
4000 
165 
2000 
ns 


6 
tAW 
Address to WR ! 
Setup Time 
80 
0 
ns 


7 
tWA 
Address to WR i Hold Time 
0 
0 
ns 


8 
tAR 
Address 
to RD! 
Setup Time 
80 
0 
ns 
, 


9 
tRA 
Address 
to RD i Hold Time 
0 
0 
ns 


10 
tiC 
INTA to ClK i Setup Time 
5 
5 
ns 


11 
tlW 
INTA to WR ! 
Setup Time (Note 1) 
200 
55 
ns 


12 
tWI 
INTA to WR t Hold Time 
0 
0 
ns 


13 
tlR 
INTA to RD! 
Setup Time (Note 1) 
200 
55 
ns 


14 
tRI 
INT A to RD i Hold Time 
- 0 
0 
ns 


15 
tCI 
INTA to ClK T Hold Time 
100 
100 
ns 


16 
tClW 
CS low to WR ! 
Setup Time 
0 
0 
ns 


17 
tWCS 
CS to WR i Hold Time 
0 
0 
ns 


18 
tCHW 
CS High to WR! 
Setup Time 
100 
5 
ns 


19 
tClR 
CS low to RD! 
Setup Time (Note 1) 
0 
0 
ns 


20 
tRCS 
CS to RD i Hold Time (Note 1) 
0 
0 
ns 


21 
tCHR 
CS High to RD! 
Setup Time (Note 1) 
100 
5 
ns 


22 
tRR 
RD low Time (Note 1) 
390 
150 
ns 


23 
Null 
Parameter 
Deleted 


24 
tRDI 
RD i to Data Not Valid Delay 
0 
0 
ns 


25 
tRDV 
RD! 
to Data Valid Delay 
250 
105 
ns 


26 
tDF 
RD i to Output Float Delay (Note 2) 
70 
45 
ns 


NOTES: 
1. Parameter 
does not apply to Interrupt 
Acknowledge 
transactions. 
2. Float delay is defined 
as the time required 
for a +O.5V 
change 
in the output 
with a maximum 
D.C. load and minimum 
A.C. 


load. 
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A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 
OPEN DRAIN 
TEST 
LOAD 
1 
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A.C. Testing: Inputs are driven at 2AV for a Logic "f" and OA5V 
for a Logic "0". Timing measurements are made at 2,OV for a 
Logic "1" and O,8Vfor a Logic "0", 
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INTERRUPT 
ACKNOWLEDGE 
TIMING, 
RESET TIMING, 
CYCLE 
TIMING 


Number 
Symbol 
Parameter 
82530 (4 MHz) 
82530-6 
(6 MHz) 
Units 
Mln 
Max 
Mln 
Max 


27 
tAD 
Address 
Required Valid to Read Data 
590 
325 
ns 
Valid Delay 


28 
TWW 
WR low Time 
390 
60 
ns 


29 
tDW 
Data to WR J.. Setup Time 
0 
0 
ns 


30 
tWD 
Data to WR i Hold Time 
0 
0 
ns 


31 
tWRV 
WR J.. to Ready Valid Delay (Note 4) 
240 
200 
ns 


32 
tRRV 
RD J.. to Ready Valid Delay (Note 4) 
240 
200 
ns 


33 
tWRI 
WR J.. to READY IREQ 
Not Valid Delay 
240 
200 
ns 


34 
tRRI 
RD J.. to READY IREQ 
Not Valid Delay 
240 
200 
ns 


35 
tDWR 
WR t to DTR/REQ 
Not Valid Delay 
5tCY 
5tCY 
ns 
+300 
+250 


36 
tDRD 
RD i to DTR/REQ 
Not Valid Delay 
5tCY 
5tCY 
ns 
+300 
+250 


37 
tllD 
INTA to RD J.. (Acknowledge) 
Delay 
250 
250 
ns 
(Note 5) 


38 
tll 
RD (Acknowledge) 
low 
Time 
285 
125 
ns 


39 
tlDV 
RD J.. (Acknowledge) 
to Read Data 
190 
100 
ns 
Valid Delay 


40 
{El 
IEI to RD J.. (Acknowledge) 
Setup Time 
120 
100 
ns 


41 
tiE 
IEI to RD T (Acknowledge) 
Hold Time 
0 
0 
ns 


42 
tEIEO 
IEI to IEO Delay Time 
120 
100 
ns 


43 
tCEQ 
ClK T to IEO Delay 
250 
250 
ns 


44 
tRII 
ROT to INT Inactive Delay (Note 4) 
500 
500 
ns 


45 
tRW 
RD t to WR J.. Delay for No Reset 
30 
15 
ns 


46 
tWR 
WR T to RD J.. Delay for No Reset 
30 
30 
ns 


47 
tRES 
WR and RD Coincident 
low for Reset 
250 
250 
ns 


48 
tREC 
Valid Access 
Recovery 
Time 
6tCY 
6tCY 
ns 
(Note 3) 
+200 
+130 


NOTES: 
3. Parameter applies only between transactions ir]Volvingthe SCC. 
4. Open-drain output, measured with open-drain test load. 
5. Parameter is system dependent. For any SCC in the daisy chain, tllD must be greater than the sum of tCEQ for the 
highest priority device in the daisy chain, tEI for the SCC and tEIEO for each device separating them in the daisy chain. 
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GENERAL 
TIMING 


Number 
Symbol 
Parameter 
82530 (4 MHz) 
82530-6 
(6 MHz) 
Units 
Min 
Max 
Min 
Max 


1 
tRCC 
RxC i to ClK i Setup Time (Notes 1, 4) 
100 
100 
ns 


2 
tRRC 
RxD to RxC i Hold Time (X1 Mode) 
0 
0 
ns 
(Note 1) 


3 
tRCR 
RxD to RxC T Hold Time (X1 Mode) 
150 
150 
ns 
(Note 1) 


4 
tDRC 
RxD to RxC J, Setup Time (X1 Mode) 
0 
0 
ns 
(Notes 1, 5) 


5 
tRCD 
RxD to RxC J, Hold Time (X1 Mode) 
150 
150 
ns 
(Notes 1, 5) 


6 
tSRC 
SYNC to RxC T Setup Time (Note 1) 
-200 
-200 
ns 


7 
tRCS 
SYNC toRxC i Hold Time (Note 1) 
3tCY 
3tCY 
ns 
+200 
+200 


8 
tTCC 
TxC J, to ClK t Setup Time (Notes 2, 4) 
100 
100 
ns 


9 
tTCT 
TxC J, to TxD Delay (X1 Mode) (Note 2) 
300 
300 
ns 


10 
tTCD 
TxC T to TxD Delay (X1 Mode) 
300 
300 
ns 
(Notes 2,5) 


11 
tTDT 
TxD to TRxC Delay (Send Clock Echo) 
200 
200 
ns 


12 
tDCH 
RTxC High Time 
180 
150 
ns 


13 
tDCl 
RTxC low Time 
180 
150 
ns 


14 
tDCY 
RTxC Cycle Time 
4tCY 
4tCY 
ns 


15 
tClCl 
Crystal Oscillator 
Period (Note 3) 
250 
1000 
165 
1000 
ns 


16 
tRCH 
TRxC High Time 
180 
150 
ns 


17 
tRCl 
TRxC low Time 
180 
150 
ns 


18 
tRCY 
TRxC Cycle Time (Note 6) 
4tCY 
4tCY 
ns 


19 
tCC 
CD or CTS Pulse Width 
200 
200 
ns 


20 
tSS 
SYNC Pulse Width 
200 
200 
ns 


21 
tWRT 
WR to RTS Valid Delay 
6tCY 
6tCY 
ns 


22 
tWDT 
WR to DTR Valid Delay 
5tCY 
5tCY 
ns 


NOTES: 
1. AXe is RTxC or TRxC, whichever 
is supplying 
the receive 
clock. 


2. TXC is TRxC or RTxC, whichever 
is supplying 
the transmit 
clock. 


3. Both RTxC and SYNC have 30 pF capacitors 
to ground 
connected 
to them. 


4. Parameter 
applies 
only if the data rate is one-fourth 
the system 
clock 
(ClK) 
rate. In all other 
cases, 
no phase 
relationship 
between 
AXe and ClK 
or TxC and ClK 
is required. 
5. Parameter 
applies 
only to FM encoding/decoding. 


6. Only applies 
to transmitter 
and receiver. 
For DPll 
and Baud 
Rate Generator 
Timings, 
the requirements 
are identical 
to 
system 
clock, 
ClK, 
specifications. 
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1.0 INTRODUCTION 


AP-401 


The emergence of asynchronous communications as the 
most widely used protocol (it commands the largest in- 
stalled base of nodes, exceeding HDLC/SDLC, 
the sec- 
ond most popular protocol, by a factor of 10 to 1) for 
point to point serial links has led to the need for an 
asynchronous 
communications 
component with high 
integration to reduce component count and decrease 
the cost of a serial port. The trend towards higher data 
rates and multiple job, multiple user systems has under- 
scored the need for an intelligent serial controller to . 
improve system throughput and decrease the CPU load 
normally associated with asynchronous serial commu- 
nications. 


The 82510 CMOS Asynchronous Serial Controller is 
designed to improve asynchronous 
communications 
throughput and reduce system cost by integrating func- 
tions and simplifying the system interface. Two inde- 
pendent FIFOs, and Control Character 
Recognition 
(CCR), provide data buffering and increase software 
efficiency. Two Baud Rate Generators/Timers, 
an On- 
Chip Crystal Oscillator and seven Programmable I/O 
pins provide a high degree of integration and reduce 
system component count. This application note will 
demonstrate the use of these features in an Asynchro- 
nous Communications Environment. 


1.1 Goal 


The goal of this application note is to demonstrate the 
use of the major 82510 features in an asynchronous 
communications environment and to depict basic hard- 
ware and software design techniques for the 82510. It 
will discuss interfaces using both polling and interrupt 
techniques, as well as the impact of FIFOs using either 
scheme. An application example covering the applica- 
tion of Error Free File Transfer is also provided. 


1.2 Scope 


The application note describes the operation of the 
82510 ASC in a normal (non 8051 9-bit) asynchronous 
communications mode. The majority of the discussion 
is focused towards the systems aspects of the Control- 
ler. The use of the 82510 in a multidrop or 8051 9-bit 
asynchronous environment is not covered. This appli- 
cation note assumes that the reader is familiar with the 
82510 in terms of pin description, register architecture 
and interrupt 
structure. 
It is also assumed that the 
reader is familiar with the information provided in the 
82510 Data Sheet. 


The initial sections of the application note provide an 
overview of the 82510 and its major functional blocks. 


This is followed by a discussion of the hardware design 
and system interface considerations in sections three 
and four. The fifth section provides some software tech- 
niques for transmitting and receiving data as well as the 
use of timers. Section seven briefly discusses the file 
transfer application based on the XMODEM protocol 
and includes the software listings. 


2.0 82510 DESCRIPTION 


2.1 Overview 


The 82510 can be divided into seven functional blocks 
(See Figure 1): Bus Interface Unit (BIU), Timing Unit, 
Modem Interface Module, Tx FIFO, Rx FIFO, Tx Ma- 
chine and Rx Machine. All blocks, except BIU can gen- 
erate a block interrupt request to the 82510 interrupt 
logic. In the case of the Rx Machine, Timing Unit and 
Modem Interface Module, multiple sources (errors and 
status events) within the block cause the block interrupt 
request to become active. All of the blocks have regis- 
ters associated with them. The registers, allow configu- 
ration, provide status information about events/errors, 
and may also be used to send commands to each block. 


2.2 Bus Interface 
Unit (BIU) 


The Bus Interface Unit (BIU) interfaces the 82510 
functional blocks to the system or CPU bus. It provides 
read and write access to the 82510 registers and con- 
trols the generation of interrupts to the external world. 
The interrupt logic resolves contention between block 
interrupt requests, on a priority basis. The BIU also has 
the Hardware Reset circuitry, which is driven by the 
RESET pin. The reset signal clears all internal Flip 
Flops, and Registers and puts them in a predefined 
state. All activities on the Bus interface, including regis- 
ter accesses by the CPU, are synchronized to an inter- 
nal (82510) system clock, supplied via the CLK pin. 


2.3 
Receive Machine (RxM) 


The Rx Machine (RxM) converts the serial data to par- 
allel and writes it to the Rx FIFO, along with the ap- 
propriate flags (available in the Receive Flags Register). 
The Rx Machine can be configured for control charac- 
ter recognition, data sampling and DPLL operation. 
The software can check for noise, control character, 
break, address or parity and framing errors by reading 
the status or character flags. Optionally, the Receive 
Status bits (in RST), when enabled, can generate inter- 
rupt requests. The Rx Machine block Interrupt request 
is reflected in the General Status Register and is set 
when an enabled interrupt request within the Rx Ma- 
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chine (i.e. RST bits) becomes active. The Rx Machine 
has eight registers associated with it: 


Receive Data (RXD)-Receive 
Data Character 


Receive Flags (RXF)-Receive 
Character Flags 


ReceiveStatus (RST)-Receive Events and ReceiveEr- 
rors 


Receive Interrupt Enable (RIE)-Enables 
Interrupts 
on corresponding bits in RST 


Receive Mode (RMD)-Receive 
Machine Configura- 
tion 
' 


Receive Command (RCM)-Receiver 
Command Reg- 
ister 


Line Control (LCR)-16450 
Register, Character Attri- 
bute Configuration 


Line Status (LSR)-16450 
Status Register, Tx and Rx 
status 


2.4 Transmit Machine (TxM) 


The Tx Machine reads characters from the Tx FIFO 
and transmits them serially over the TXD line. The Tx 
Machine can also transmit additional character attri- 
butes (9th bit of Data, Address Marker, Software Pari- 
ty) available from the Transmit Flags, if configured in 
the appropriate mode. The Tx Machine Idle interrupt 
request is reflected in the GSR and LSR registers to 
indicate that the Transmitter is either Empty or Dis- 
abled. The Tx Machine has six registers associated with 
it: 


Line Control (LCR)-16450 
Register, Character Attri- 
bute Configuration 


Line Status (LSR)-16450 
Status Register, Tx and Rx 
status 


Transmit Mode (TMD)-Tx 
Machine Configuration 


Transmit 
Command-(TCM)-Transmit 
Command 
Register 


Transmit Flags (TXF)-Transmit 
Character Flags 


Transmit Data (TXD)-Transmit 
Data Character 


2.5 Modem Interface 
Module 


The Modem Interface module is responsiblefor the mo- 
dem interface and general purpose I/O pins. It will gen- 


erate Interrupts (if enabled) upon transitions in the mo- 
dem input pins (DCD, CTS, RI, and DSR). The mo- 
dem output pins can be controlled by the CPU, also the 
RTS pin can be used to provide flow control, in the 
automatic transmission mode. It is the source of the 
Modem Interrupt bit in GSR. This bit is set whenever 
there is a state change in the DCD, RI, DSR or CTS 
inputs (reflected in Modem Status Register) and the 
corresponding enable bits are set. The function and di- 
rection of the multifunction pins can be reprogrammed 
and is available as a configuration option. Multifunc- 
tion pins, when configured as outputs, can be con- 
trolled by the CPU through the Modem Control Regis- 
ter. The Modem module has four registers associated 
with it: 


Modem Status 
Register (MSR)--State 
transitions on modem input 
pins, and State of the modem input pins 


Modem Control (MCR)-Control 
state of Modem 
Output pins 


Modem Interrupt 
Enable (MIE)-Enabl,! Interrupt on State transitions in 
modem input pins 


I/O Pin Mode (PMD)-Functions 
and Directions of 
Multifunction pins 


2.6 Timing Unit 


The Timing Unit is responsiblefor the generation of the 
System Clock, using either its Crystal Oscillator or an 
externally generated dock, and generation of the Tx 
and Rx clocks from either the On-Chip Baud Rate 
Generators or the SC1LKpin. It is also responsible for 
generating 
Timer 
Expired 
interrupts 
when 
the 
BRGs/Timers are configured for use as Timers. There 
are ten registers associated with the Timing Unit, four 
of these are used in the,Timer mode only. 


Timer Status (TMST)-Timer 
A and/or Timer B ex- 
pired 


Timer Interrupt 
Enable (TMIE)-Enables 
Interrupts upon Expiration 
of Timers A or B in TMST 


1 


Timer Control (TMCR)-Start 
and Disable Timers 


Clock Configure (CLCF)-Se1ect source and mode for 
Tx and Rx clocks 


BRG B Configuration (BBCF)-Mode 
and Clock 
source of BRG B 
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BRG B LSB of Divisor (BBL)-Least 
Significant Byte 
of BRG B Divisor/Count 


BRG A MSB of Divisor (BBH)-Most 
Significant Byte 
of BRG B Divisor/Count 


BRG 
A Configuration 
(BACF)-Mode 
and Clock 
source of BRG A 


BRG A LSB of Divisor (BAL)-Least 
Significant Byte 
of BRG A Divisor/Count 


BRG A MSB. of Divisor (BAH)-Most 
Significant 
Byte of BRG A Divisor/Count 


2.7 
FIFOs, Rx and Tx 


The Dual FIFOs (transmit and receive), serve as buff- 
ers for the 82510. They butTer the transmitter and Re- 
ceiver from the CPU. Each of the FIFOs has a pro- 
grammable threshold. The threshold is the FIFO level 
which will generate an interrupt. The threshold is used 
to optimize the CPU throughput and provide increased 
interrupt to service latency for higher baud rates. It can 
be configured through the FIFO Mode Register. Each 
FIFO character has flags associated with it (TxF and 
RxF). As each character is read from the Rx FIFO its 
flags are put into the RxF register. Before a write to 
TXD (if character configuration requires) the character 
flags are written to the TXF register. The two FIFOs 


are totally independent of each other and each FIFO 
can generate an interrupt request which indicates that 
the configured threshold has been met. 


3.0 
HARDWARE 
DESIGN 


3.1 System Interface 


The 82510 has a standard I/O peripheral interface, it 
has a demultiplexed Bus, which consists of a bidirec- 
tional eight bit Data Bus, and three Address lines. In- 
terrupt, Read, Write, Chip Select and Reset pins com- 
plete the system interface. The three address lines along 
with the Bank register are used to select a particular 
register. 


3.1.1 REGISTER 
ACCESS 


The 
82510 
registers are logically divided into four 
banks. Only one bank can be accessed at anyone time. 
Each register bank occupies eight I/O addresses. To 
select a register, the correct Bank must first be selected 
by writing to the GIR/Bank 
register (the GIR/Bank 
register I/O address is two (Ao = 0, AI = 1, A2 = 0). 
Then one of the eight I/O space addresses is selected by 
outputting 
a value (between zero and seven) to the 
82510 address pins Ao-A2' 
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Figure 1.82510 Block Diagram 
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BANK ZERO 82SO--<:OMPATIBLE 
BANK 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
Defaul 


xD 
Tx Data 
Tx Data TxData 
TxData 
Tx Data 
TxData 
Tx Data 
Tx Data 
0 
- 
bit 7 
bit 6 
bitS 
bit 4 
bit 3 
bit 2 
bit 1 
bit 0 


~xD 
RxData 
RxData 
RxData 
Rx Data 
Rx Data 
RxData 
RxData 
RxData 
0 
- 
bit 7 
bit 6 
bitS 
bit 4 
bit 3 
bit 2 
bit 1 
bit 0 


~AL 
BRGA lSB 
Divide Count (DLAB = 1) 
0 
02H 


"'AH 
BRGA MSB Divide Count (DLAB = 1) 
1 
OOH 


~ER 
0 
0 
Timer 
TxMachine 
Modem 
RxMachine 
TxFIFO 
RxFIFO 
1 
OOH 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Enable 
Enable 
Enable 
Enable 
Enable 
Enable 


~IR/BANK 
0 
BANK 
BANK 
0 
Active 
Active 
Active 
Interrupt 
2 
01H 
Pointer 
Pointer 
Block Int 
Block Int 
Block Int 
Pending 


bit 1 
bit 0 
bit 2 
bit 1 
bit 0 


CR 
DLAB 
Set 
Parity 
Parity 
Parity 
Stop bit 
Character 
Character 
3 
OOH 
Divisor 
Break 
Mode 
Mode 
Mode 
Length 
Length 
Length 
latch 
bit 2 
bit 1 
bit 0 
bit 0 
bit 1 
bit 0 
Accessbi 


MCR 
0 
0 
OUT 0 
Loopback 
OUT2 
OUT 1 
RTS 
DTR 
4 
OOH 
Complemen 
Control bit 
Complemen 
Complement 
Complemen 
Complemen 


SR 
0 
TxM 
TxFIFO 
Break 
Framing 
Parity 
Overrun 
RxFIFO 
S 
60H 
Idle 
Interrupt 
Detected 
Error 
Error 
Error 
IntReg 


MSR 
DCDlnpu 
RI Input DSR Input 
CTS Input 
State 
State(H-l) 
State 
State 
6 
OOH 
Inverted 
Inverted Inverted 
Inverted 
Change 
Change 
Change 
Change 
inDCD 
inRI 
inDSR 
inCTS 


ACRO 
Address or Control Character 
Zero 
7 
OOH 


BANK ONE-GENERAL 
WORK BANK 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
uefault 


TxD 
TxData 
Tx Data 
Tx Data 
TxData 
TxData 
Tx Data 
Tx Data 
Tx Data 
0 
- 
bit 7 
bit 6 
bitS 
bit 4 
bit 3 
bit 2 
bit 1 
bit 0 


RxD 
Rx Data 
Rx Data 
Rx Data 
RxData 
Rx Data 
RxData 
RxData 
RxData 
0 
- 
bit 7 
bit 6 
bitS 
bit 4 
bit 3 
bit 2 
bit 1 
bit 0 


RxF 
- 
RxChar 
RxChar 
RxChar 
Address or 
Break 
RxChar 
Ninth 
1 
- 
OK 
Noisy 
Parity 
Control 
Flag 
Framing 
Data bit 
Error 
Character 
Error 
of Rx Char 


TxF 
Address 
Software 
Ninth bit 
0 
0 
0 
0 
0 
1 
- 
Marker bit Parity bit of Data Char 


GIR/BANK 
0 
BANK 
BANK 
0 
Active 
Active 
Active 
Interrupt 
2 
01H 
Pointer 
Pointer 
Block Int 
BlOCk Int 
Block Int 
Pending 
bit 1 
bit 0 
bit 2 
bit 1 
bit 0 


TMST 
- 
- 
GateB 
Gate A 
- 
- 
TimerB 
Timer A 
3 
30H 
State 
State 
Expired 
Expired 


TMCR 
0 
0 
Trigger 
Trigger 
0 
0 
Start 
Start 
3 
- 
GateB 
Gate A 
TimerB 
Timer A 


MCR 
0 
0 
OUT 0 
loopback 
OUT2 
OUT1 
RTS 
DTR 
4 
OOH 
Complement 
Control bit Complement 
Complement 
Complement 
Complement 


Figure 
2. 82510 Register 
Map 
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BANK ONE-GENERAL 
WORK 
BANK (Continued) 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
Default 


FLA 
- 
Rx FIFO Level 
- 
Tx FIFO Level 
4 
OOH 


RST 
Address/ 
Address/ 
Break 
Break 
Framing 
Parity 
Overrun 
RxFIFO 
5 
OOH 
Control 
Control 
Terminated 
Detected 
Error 
Error 
Error 
Interrupt 


Character 
Character 
Requested 


Received 
Match 


RCM 
Rx 
Rx 
Flush 
Flush 
Lock Rx 
Open Rx 
0 
0 
5 
- 
Enable 
Disable 
RxM 
Rx FIFO 
FIFO 
FIFO 


MSR 
DCD 
RI Input 
DSR Input 
CTS Input 
State 
State 
State 
State 
6 
OOH 
Complement 
Inverted 
Inverted 
Inverted 
Change 
Change 
Change 
Change 
inDCD 
inRI 
inDSR 
inCTS 


TCM 
0 
0 
0 
0 
Flu~h Tx 
Flush Tx 
Tx 
Tx 
6 


. 
- 
Machine 
FIFO 
Enable 
Disable 


GSR 
- 
- 
Timer 
TxM 
Modem 
RxM 
TxFIFO 
RxFIFO 
7 
12H 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 


ICM 
0 
0 
0 
Software 
Manuallnt 
Status 
Power 
0 
7 
I 
- 
Reset 
Acknowledge 
Clear 
Down 
Command 
Mode 
. 
- 


BANK TWo-GENERAL 
CONFIGURATION 


Register 
7 
6 
5 
4 
3 
2 
1 
I) 
Address 
Default 


FMD 
0 
0 
Rx FIFO Threshold 
0 
0 
Tx FIFO Threshold 
1 
OOH 


GIR/BANK 
0 
BANK 
BANK 
0 
Active 
Active 
Active 
interrupt 
2 
01H 
Pointer 
Pointer 
Block Int 
Block Int Block Int Pending 
bit 1 
bit 0 
bit 2 
bit 1 
bit 0 


TMD 
Error. 
Control 
9-bit 
Transmit 
Mode 
Software 
Stop Bit Len'9th 
3 
OOH 
Echo 
Character 
Character 
Parity 


Disable 
Echo Disable 
Length 
Mode 


IMD 
0 
0 
0 
0 
Interrupt 
RxFlFO 
ulan 
Loopback 
or 
4 
OCH 
Acknowledge 
Depth 
Mode 
Echo Mode 
Mode 
Select 
of Operation 


ACR1 
Address 
or Control 
Character 
1 
5 
OOH 


RIE 
Address/ 
Address/ 
Break 
Break 
Framing 
Parity 
Overrun 
0 
6 
1EH 
Control 
Control 
Terminate 
Detect 
Error 
Error 
Error 
Character 
Character 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Interrupt 
Recognition 
Match 
Enable 
Enable 
Enable 
Enable 
Enable 
Interrupt 
Interrupt 
Enable 
Enable 


RMD 
Address/Control 
Disable 
Sampling 
Start bit 
0 
0 
0 
7 
OOH 
Character 
Mode 
DPLL 
Window 
Sampling 


Mode 
Mode 
r, 
" 


BANK THREE-MODEM 
CONFIGURATION 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
Default 


CLCF 
RxClock 
RxClock 
TxClock 
TxClock 
0 
0 
0 
0 
0 
OOH 
Mode 
Source 
Mode 
Source 


BACF 
0 
BAGA 
0 
0 
0 
BRGA 
0 
0 
1 
04H 
Clock 
Mode 
Source 


BBL 
BRGB LSB Divide Count (DLAB 
= 1) 
0 
05H 


BBH 
BRGS MSS Divide Count (DLAS 
= 1) 
1 
OOH 


Figure 2. 82510 Register 
Map (Continued) 
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BANK THREE-MODEM 
CONFIGURATION 
(Continued) 


Register 
7 
6 
5 
4 
3 
2 
1 
0 
Address 
Default 


GIR/BANK 
0 
BANK 
BANK 
0 
Active 
Active 
Active 
Interrupt 
2 
01H 


Pointer 
Pointer 
Block Int 
Block Int 
Block Int 
Pending 


bit 1 
bitO 
bit 2 
bit 1 
bitO 


BBCF 
BRGB Clock Source 
0 
0 
0 
BRGB 
0 
0 
3 
84 


Mode 


PMD 
DCD/ICLKI 
DCD/ICLKI 
DSR/TAI 
DSR/TAI 
RI/SCLK 
DTR/TB 
0 
0 
4 
FCH 


aUT1 
aUT1 
aUTO 
aUTO 
Function 
Function 


Direction 
Function 
Direction 
Function 


MIE 
0 
0 
0 
0 
DCDState 
RI State 
DSRState 
CTSState 
5 
OFH 
Change Int Change Int Change Int Change Int 


Enable 
Enable 
Enable 
Enable 


TMIE 
0 
0 
0 
0 
0 
0 
TimerB 
Timer A 
6 
OOH 
Interrupt 
Interrupt 


I 
Enable 
Enable 


3.1.2 READ AND WRITE 
CYCLES 


Figure 
2. 82510 Register 
Map (Continued) 


3.1.380186 
INTERFACE 


Like most other I/O based peripherals the Read and 
Write pins are used to access data in the 82510. Each 
read or write cycle has specified setup and hold times in 
order for the data to be transferred correctly to/from 
the 82510. The critical timings for the read cycle are: 
1. Address Valid to Read Active (Tavrl) 
2. Command Access Time to Data Valid (Trldv) 
3. Command Active Width (Trlrh) 


The less critical parameters are: 
4. Address Hold to Read Inactive (Trhax) 
5. Data Out Float Delay after Read Inactive (Trhdz) 


The critical timings for the write cycle are: 
I. Address Valid to Write Low (Tavwl) 
2. Write Active Time (Twlwh) 
3. Data Valid to Write Inactive (Tdvwh) 


The less critical parameters are: 
4. Address and Chip Select Hold Time After Write 
Inactive (Twhax) 
5. Data Hold Time After Write Inactive (Twhdx) 


These timings determine the number of wait states re- 
quired for the 82510 and the CPU interface. The inter- 
faces for some popular microprocessors are discussed in 
the following sections. 


The exact interface is shown in Figure 3. The schematic 
shows the 80186 interface to the 82510 on a local bus. 
Although the Data Bus is buffered, it is possible to 
directly connect the 82510 to the 80186 data bus; be- 
cause the Data Float Delay after read inactive is 40 ns 
for the 82510, which is well under the 85 ns require- 
ment of the 80186. The timing equations for the inter- 
face are given below. 


Read Cycle: 


Address to Read Low = Tclcl - Tclavmax + Tclrlmin 
- 
Latch DelaYmax 


Read Access Time = 2Tclcl - 
Tclrlmax - 
Tdvcl - 
Transceiver DelaYmax 


Read Active Time = Trlrh 
= 2Tclcl - 46 


Write Cycle: 


Address Valid to Write Active = Tclcl + Tcvctvrnin 
- 
Tclavmax - 
Latch Prop. DelaYmax 


Write Active Time = Twlwh 
= 2Tclcl - 40 


Data Valid to Write Inactive = 2 Tclcl - Tcldvmax - 
Transceiver DelaYmax+ Tcvctxmin 
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Figure 3. 82510 Interface 
to 80186 
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The user can transfer data to the 82510, ~ 
the 
DMA capabilities of the 80186, by using the RTS pin, 
in automatic modem control mode, as a DMA request 
line. The RTS pin, in automatic mode, will go inactive 
as soon as the Tx FIFO and the Tx shift register are 
empty. It will become active once a data character is 
written. to the TXD register. In most 80186 DMA trans- 
fers the user has to make sure that the DMA request 
line goes inactive at least two clock cycles from the end 
of the DMA deposit cycle. In this case, the extra DMA 
cycle is not a problem, because the Tx FIFO will buffer 
the data to prevent an overrun (Since the Tx FIFO can 
buffer up to four characters, the RTS pin only needs to 
go inactive two clocks before the end of the deposit 
phase of the fourth DMA). Typically RTS will go inac- 
tive five (82510) system clocks after the rising edge of 
write. 


3.1.480286 
INTERFACE 


The 80286 interface is shown in Figure 4. The 82510 is 
on the local bus, and is using the control signals from 
the 82288 Bus Controller. The Data Enable (OE) is 
qualified by the 82510 Chip Select, to avoid Data Bus 
contention between the 82510 and the CPU. The timing 
equations for the Read and Write Cycles are given be- 
low. 


Read Cycle: 


Address Valid to Read Active = T1 (CLK period) + 
T29min (CLK to cmd active) - 
T16max (ALE active 
delay) - 
Latch Prop. DelaYmax 


Read Access to Data Valid = 2T1 (CLK period) 
T29max (CLK to cmd active) - 
T8 (Read Data Setup 
Time) - 
Transceiver DelaYmax 


Read Active Time = 2T1 (CLK period) - 
T29max 
(CLK to cmd active) + T30min (CLK to cmd inactive) 


Write Cycle: 


Address to Write Low = T1 (CLK period) + T29min 
(CLK to cmd active) - T16max (ALE active delay) - 
Latch DelaYmax 


Write Active Time = 2 T1 (CLK period) - 
T29max 
(CLK to cmd active) + T30min (CLK to cmd inactive) 


Data to Write High = 3 T1 - 
T14min (Write Data 
Valid Delay) + T30min (CLK to cmd inactive) - 
Xcvr. DelaYmax 


Using an 8 MHz 80286 with the 82510 at 18.432 MHz 
(divide by two--9.216 MHz) requires two wait states. 
The critical timings are the read cycle timings-Read 
Access Time and Read Active Width. Inserting two 


wait states means that the access times for the relevant 
parameters will be increased by 250 ns. 


NOTE: 
The address decoding scheme of the 80286 interface is 
different from the IBM PC/PC AT I/O addresses for 
the serial ports, therefore the interface shown in Fig- 
ure 4 cannot be used in PC/PC AT oriented designs. 


3.1.580386IN:rERFACE 


The 80386 interface to the 82510 is given in Figure 5. 
The example uses the Basic I/O interface given in the 
80386 Hardware Reference Manual section 8.3. The 
only differences are in the specific address lines used for 
chip select generation, and the additional wait states in 
the wait state generation logic. The address lines A3, • 
A4 and A5 are used to select one of the eight register 
address spaces in the 82510, therefore, A6 and A7, 
rather than A4 and A5, are used in the I/O decoder. 
This causes a granularity of four in the 8251O's I/O 
address space, i.e., the addresses of two consecutive reg- 
isters in the 82510 differ by four. 


The 82510 requires one additional wait state (as cur- 
rently specified), the design assumes that the PAL 
equations are modified for that purpose. The user may 
also externally generate the wait states and connect to 
the "other ready logic" input ORed with the RDY pin 
of PAL 2. The two read timings Read Active width and 
Read Access time to Data Valid each require one addi- 
tional wait state in order to meet the 82510 timing re- 
quirements. The timings are given below. (82510 times 
are at 9.216 MHz) 


Read Cycle: 


Read Access to Data Valid 
= 253.25 ns 


82510 Trldv 
= 308 


additional time reqd. 
= 308-253.25 


= 54.75 ns 


Read Active Width 
= 269.25 


82510 Trlrh 
= 308 


additional time reqd. 
= 308-269.25 


= 38.75 ns 


Address Valid to Read Active = 132.75 ns 


82510 TAVRL 
, = 7ns 


Since each additional 
wait state 
adds 
62.5 ns at 
16 MHz, the 82510 requires one additional wait state. 
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NOTE: 


The interface shown in Figure 5 uses a different ad- 
dress 'decoding scheme than that used for the IBM 
PC/PC 
AT families, for the serial ports. Therefore, 


the interface in Figure 5 can not be used in PC/PC 
AT compatible designs. 


3.2 Reset 


The 82510 can be reset either through hardware (Reset 
pin) or Software (reset command via Internal Com- 
mand Register-ICM). 
Either 
reset would cause the 


82510 to return to its default wake up mode. In this 
mode the register contents are reset to their default val- 
ues and the device is in the 16450compatible configura- 
tion. The Reset pulse must be held active for at least 
eight system clocks, the system clock should be running 
during reset active time. 


3.2.1 DEFAULT 
MODES 
FOR 16450 
COMPATIBILITY 


Upon reset the 82510 will return to its Default Wake 
Up mode. The default register bank is bank zero. The 
registers in bank zero are identical to the 16450register 
set, and provide complete software compatibility with 
the 16450' in the IBM PC environment. The registers 
in the other banks have default values, which configure 
the 82510 for 16450 emulation. The recommended sys- 
tem clock (for PC compatibility) is 18.432 MHz, this 
allows the baud rates generation to be done in a manner 
compatible with the PC software. The PC software cal- 
culates baud rates based on a source frequency of 
1.8432 MHz. The 82510 system clock (18.432 MHz) is 
divided by two before being fed to BRG A and then is 
again divided by five (BRG B default). This causes the 
frequency to be divided by ten before being fed into 
BRG A. 18.432divided by ten yields 1.8432 MHz, so in 
effect the BRG A is generating baud rates from a 
source frequency of 1.8432 MHz (which is compatible 
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is the PC AT version 
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RECEIVE 
Stand Ctl. Char. Recogn. disabled 
Digital Phase Locked Loop (DPLL) disabled 
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BkD, FE, OE, PE Int. enabled 
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Figure 6. Default Pin Out Configuration 
of the 82510 


3.3 System Clock Options 


The term "System Clock" refers to the clock which 
provides timings for most of the 82510 circuitry. The 
82510 has two modes of system clock usage. It can 
generate its system clock from its On-Chip Crystal Os- 
cillator and an external crystal, or it can use an exter- 
nally generated clock, input to the device through the 
CLK pin. The selection of the system clock option is 
done during reset. The default system clock source is an 
externally generated clock, which can be reconfigured 
by a strapping option on the RTS pin. During Reset, 
the RTS pin is an input; it is internally pulled high, if it 
is externally driven low, then the 82510 expects to use 
the Crystal Oscillator for system clock generation, oth- 
erwise it is set up for using an external clock source. 
This can be done by using an open collector inverter to 
RTS, the input of the inverter is the Reset signal. The 
82510 has a pull up resistor in the RTS circuitry so no 
external pull up is needed. In the crystal oscillator 
mode the CLK/Xl 
pin is automatically configured to 
Xl, and the OUT2/X2 pin is configured to X2. In the 
External Clock mode, the CLK/Xl 
is configured to 
CLK and the OUT2/X2 is configured to OUT2. 
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system clock, then the clock frequency is always divid- 
ed by two before being fed into the rest of the 82510 
circuitry. If, however an external clock source is being 
used to supply the system clock, then the user has two 
options: 
I. Use the System Clock after division by two, e.g. if a 
8 MHz clock is being fed into the CLK pin, then the 
actual frequency of the 82510 system clock will be 4 
MHz (default). 


2. Disable Division by two and use the direct undivid- 
ed clock, e.g. if an 8 MHz clock is being fed into the 
CLK pin, then the actual frequency of the 82510 
system clock is also 8 MHz. 


The divide by two option is the default mode of opera- 
tion in the External Clock mode of the 82510. A strap- 
ping option can be used to disable the Divide By Two 
operation (For Crystal Oscillator Mode Divide By Two 
must always be active). During Reset, the DTR pin is 
an input; it is internally pulled high, if it is externally 
driven low then the Divide By Two operation is dis- 
abled. The strapping option is identical to the one used 
on RTS for selection of the System Clock source. 


The 82510 system clock must be chosen with care since 
it influences the wait state performance, Baud Rate 
Generation (if being used as source frequency for the 
BRGs), the power consumption, and the Timer count- 
ing period. The power consumption of the 82510 is de- 
pendent upon the system clock frequency. If using the 
system clock as a source for the Baud Rate Genera- 
tor(s), then the system clock frequency must be a baud 
rate multiple in order to minimize frequency deviation. 
For standard baud rates a multiple of 1.8432 MHz can 
be used, in fact the 18.432 MHz maximum frequency 
was chosen with this particular criteria in mind. 
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3.3.1 POWER 
DOWN 
MODE 
3.3.1.2 Idle Mode 


The 82510 has a "power down" mode to reduce power 
consumption when the device is not in use. The 82510 
powers down when the power down command is issued 
via the Internal Command Register (ICM). There are 
two modes of power down, Power Down Sleep and 
Power Down Idle. 


3.3.1.1 Sleep Mode 


This is the mode when even the system clock of the 
82510 is shut down. The system clock source of the 
82510 can either be the Crystal Oscillator or an exter- 
nal clock source. If the Crystal Oscillator is being used 
and the power down command is issued, then the 
82510 will automatically enter the Sleep mode. If an 
external clock is being used, then the user must disable 
the external clock in addition to issuing the Power 
Down command, to enter the Sleep mode. The benefit 
of this mode is the increased savings in power con- 
sumption 
(typical power consumption 
in the Sleep 
mode is in the range of hundreds of microAmps. How- 
ever, upon wake up, if using a crystal oscillator, the 
user must reprogram the device. The data is preserved 
if the external clock is disabled after the power down 
command, and enabled prior to exiting the power down 
mode. To exit this mode the user can either issue a 
Hardware reset, or read the FIFO Level Register (FLR) 
and then issue a software reset (if using a Crystal Oscil- 
lator). In either case the contents of the 82510 registers 
are not preserved 
and the device must 
be repro- 
grammed prior to operation. 


NOTE: 
If the Crystal Oscillator is being used then the user 
must allow about 1 ms for the oscillator to wake up 
before issuing the software reset. 


The 82510 is said to be in the Idle mode when the 
Power Down command is issued and the system clock 
is still running (i.e. the system clock is generated exter- 
nally and not disabled by the user). In this mode the 
contents of all registers and memory cells are preserved, 
however, the power consumption in this mode is great- 
er than in the Sleep mode. Reading FLR will take the 
82510 out of this mode. 


NOTE: 
The data read from FLR when exiting Power Down is 
incorrect and must be ignored. 


4.0 
INTERRUPT 
BEHAVIOR 


4.1 
FIFO Usage 


The 82510 has two independent four bytes transmit and 
receive FIFOs. Each FIFO can generate an interrupt 
request, when the FIFO level meets the Threshold re- 
quirements. The FIFOs can have a considerable impact 
on the performance of an asynchronous communica- 
tions system. For systems using high baud rates they 
can provide increased interrupt-to-service 
latency re- 
ducing the chances of an overrun occurring. In systems 
constrained for CPU time, the FIFOs can increase the 
CPU Bandwidth by reducing the number of interrupt 
requests generated during asynchronous 
commuuica- 
tions. It can reduce the interrupt load on the CPU by 
up to 75%. By choosing the FIFO thresholds which 
reflect the system bandwidth or service latency require- 
ments, the user can achieve data rates and system 
throughput, unattainable with traditional UARTs. 


Table 2. The Power Down Modes 


Mode 
Clock Source 
Exit Procedure 
Power Consumption 
Data Preservation 


Sleep 
Crystal Oscil!. 
H/W Reset or 
100-900/-LA 
Not Preserved 
Automatically 
Read FLR and 
Must be Reprogrammed 
Disabled 
Issue S/W Reset 


External Clock 
Enable External 
100-900/-LA 
Not Preserved 
Must be Disabled 
Clock, Read FLR 
Must be Reprogrammed 
by User 
and Issue S/W Reset 
H/W Reset 


Idle 
External Clock 
H/W Reset 
1-3 mA 
AllData Preserved 
Running 
Read FLR 
Does Not Need to be 
Reprogrammed 
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4.1.1 INTERRUPT-TO-SERVICE 
LATENCY 
, 
Going back to equation (2): 


The interrupt-to-service latency is the time delay from 
the generation of an interrupt request, to when the in- 
terrupt source in the 82510 is actually serviced. Its 
primary application is in the reception of data. In tradi- 
tional UARTs the CPU must read the current charac- 
ter in the Receive Buffer before it is overrun by the next 
incoming character. The Rx FIFO in the 82510 can 
buffer up to four characters, allowing an interrupt-to- 
service latency of up to four character 
transmission 
times. The character transmission time is the time peri- 
od required to transmit one full character at the given 
Baud Rate. It is dependent upon the baud rate and is 
given by equation (1): 


(1) Character Transmission Time = 


Num. of Bits per Character Frame 
Baud Rate 


The Transmit and Receive FIFO thresholds should be 
selected with consideration to two factors the Baud 
rate, and the (CPU Bandwidth allocated for Asynchro- 
nous Channels is dependent upon the number of chan- 
nels supported since it does not include the overhead of 
supporting other peripherals) number of Asynchronous 
Serial ports being supported by the CPU. In order to 
avoid overrun, the interrupt-to-service delay must be 
less than the time. it takes to fill the 82510 Rx FIFO. 
The relationship is given by equation (2): 
(2) Int_to_service-latency 
< FIFO Size X 


Character Transmission Time 


Example 


Calculate the maximum baud rate that can be support- 
ed by a 6 MHz PC AT to support four Full Duplex 
Asynchronous channels using 


a) The 82510 with four byte FIFO. 


b) The 82510 with one byte FIFO. 


Assumptions: 


• CPU dedicated to Asynchronous communications. 
• UART Interrupts limited to Transmission and Re- 
ception only. 
• Interrupt Routines are optimized for fast through- 
put. 
• 
10 bits per character frame. 


Int._to_service 
latency < Buffer size x JO/baud rate 
Int_to_service 
latency = # of Channels 
X (# of 
into sources per channel) 
X Time required to serv- 
ice interrupt 
Int_to_service 
latency = 4 X 2 X Time required to 
service interrupt 


The Time required to service interrupt has been calcu- 
lated to be 100 /Josfor a slightly optimized service rou- 
tine. RMX86 interrupt service time is given as 250 /Jos 
and for other operating systems it should be slightly 
higher. 
Int_to_service 
latency 
= 4x2xl00 s 
= 800 /Jos 
82510 max Baud Rate = 4 X 10/800 /Jos 
(four byte FIFO) 
50K bits/sec 
82510 max Baud Rate = 1 X 10/800 /Jos 
(one byte FIFO) 
12.5K bits/sec 


4.2 
Interrupt 
Handling 


The 82510 has 16 different sources of interrupt, each of 
these sources, when set and enabled, will cause their 
respective block interrupt 
requests to go active. The 
block interrupt request, if enabled, will set the 8251O's 
INT pin high, and will be reflected as a pending inter- 
rupt in the General Interrupt Register (GIR) if no other 
higher priority block is requesting service. If a higher 
priority block interrupt is also active at the same time, 
then the General Interrupt Register will reflect the high- 
er priority request as the source of the 82510 interrupt. 
The lower priority interrupt will issue a new edge on 
the interrupt pin only after the higher priority interrupt 
is acknowledged and if no other priority block requests 
are present. Both the block interrupts and the individu- 
al sources within the blocks are maskable. The block 
interrupts are enabled through the General Enable Reg- 
ister (GER) which prevents masked bits in the General 
Status Register (GSR) from being decoded into the 
General Interrupt Register. This does not prevent the 
block request from being set in the General Status Reg- 
ister, it only prevents the masked GSR bits from being 
decoded into the General Interrupt Register, and thus 
generating any interrupts. The individual sources with- 
in the block are masked out via the corresponding in- 
terrupt enable register associated with the specific block 
(Rx Machine, Timing Unit and the Modem I/O mod- 
ule each have an Interrupt Enable register). 
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The 82510 interrupt logic consists of the following ele- 
ments: 


4.2.1.1 Interrupt Sources Within Blocks 


Three of the 82510 functional blocks (Rx Machine, 
Timer, Modem I/O) 
have more than one possible 
source of interrupts, for instance the Rx Machine has 
seven different sources of interrupts-standard 
control 
character 
recognition (Std. CCR), control character 
Match (special CCR), Break Detect, Break Terminat- 
ed, Overrun Error, Parity Error, and Framing Error. 
The multiple sources are represented as Status bits in 
the Status registers of each of these blocks. When en- 
abled the Status bits cause the block request to set in 
the General Status Register. There is no difference in 
the behavior of the INT pin or the block status bits in 
GSR, for multiple sources within a block becoming ac- 
tive simultaneously. The corresponding block status bit 
in GSR is set when one or more interrupt sources with- 
in the block become active. When the status register for 
the block is read all the active interrupt sources within 
the block are reset. Each source within the three blocks 
can be masked through its respective enable register. 


4.2.1.2 General Status Register (GSR) 


This register holds the status of the six 82510 blocks 
(all except Bus Interface Unit). Each bit when set indi- 
cates that the particular block is requesting interrupt 
service, and if enabled via the General Enable Register, 
will cause an interrupt. 


4.2.1.3 General Enable Register (GER) 


This register is used to enable/disable the correspond- 
ing bits in the General Status Register. It can be pro- 
grammed by the CPU at any time. 
Table 3. Block Interrupt Priority 


Block 
Priority 
GIRCODE 
3 2 1 (Bits) 


Timers 
5 (highest) 
1 0 1 
Tx Machine 
4 
1 0 0 
Rx Machine 
3 
011 
RxFIFO 
2 
010 
TxFIFO 
1 
001 
Modem I/O 
o (lowest) 
000 


4.2.1.4 Priority Resolver and General Interrupt 
Register 


If more than one enabled Interrupt request from GSR 
is active, then the priority resolver is used to resolve 
contention. The priority resolver finds the highest pri- 
ority pending and enabled interrupt in GSR and de- 
codes it into the General Interrupt Register (bits 3 to I). 
The General Interrupt Register can be read at any time. 


NOTE: 
GIR is updated continuously, so while the user may 
be serving one interrupt source, a new interrupt with 
higher priority may update GIR and replace the older 
one. 


4.2.2 INTERRUPT ACKNOWLEDGE MODES 


The 82510 has two modes of interrupt acknowledge- 
ment-Manual 
acknowledge and Automatic acknowl- 
edge. In Manual Acknowledge mode, the user has to 
issue an explicit 
Acknowledge 
Command 
via the 
Internal Command Register (ICM) in order to cause 
the INT pin to go low. In Automatic Acknowledge 
mode the INT pin will go low as soon as an active or 
pending interrupt request is serviced by the CPU. An 
operation is considered to be a service operation if it 
causes the source of the interrupt (within the 82510) to 
become inactive (the specific status bit is reset). The 
service procedures for each source vary, see section 
4.2.3.2 for details. 


4.2.2.1 Automatic Acknowledgement 


In the automatic acknowledge mode, a service opera- 
tion by the CPU will be considered as an automatic 
acknowledgement of the interrupt. This will force the 
INT pin low for two clock cycles, after that the INT 
pin is updated i.e. if there is an active enabled source 
pending then the INT pin is set high again (reflected in 
GIR). This mode is useful in an edge triggered Inter- 
rupt system. Servicing any enabled and active GSR bit 
will cause Auto Acknowledge to occur (independently 
of the source currently decoded in the GIR register). 
This can be used to rearrange priorities of the 82510 
block requests. 
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Figure 10. Automatic 
Acknowledge 
Mode Operation 
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4.2.2.2 
Manual Mode of Acknowledgement 
mode. Of course the user has the option of issuing the 
acknowledge command immediately after the service, 
which would be similiar in behavior to the automatic 
mode. If the manual acknowledge command is given 
before the active source has been serviced and no higher 
priority request is pending, then the same source will 
immediately generate a new interrupt. Therefore, the 
software must make sure that the Manual Acknowl- 
edge command is issued after the interrupt source has 
been serviced by the CPU (see section 4.2.3.2. for more 
details on interrupt service procedures for each source). 


The Manual Acknowledgement 
Mode requires that, 


unlike the automatic mode where a service operation is 
considered as an automatic acknowledge, an explicit 
acknowledge command be issued to the 82510 to cause 
INT to go inactive. In this mode the CPU has complete 
control over the timing of the Interrupts. Before exiting 
the service routine, the CPU can check the GIR register 
to see if other interrupts are pending and can service 
those interrupts in the same invocation, avoiding the 
overhead of another 
interrupt 
as in the Automatic 
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Figure 12. Typical 
Interrupt 
Handler 
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4.2.3 GENERAL 
INTERRUPT 
HANDLER 
Since the 82510 registers are divided into banks, and 
the interrupt handler may change register banks during 
service, it is best to save the bank being used by the 
main program and then do the interrupt 
processing. 


Upon completion of service, the original bank value is 
restored to the GIR/Bank 
register. 


In general an interrupt handler for the 82510 must first 
identify the interrupt source within the 82510, transfer 
control to the appropriate 
service routine and then 
service the active source. The active source can be iden- 
tified from two registers-General 
Interrupt Register, 
or General Status Register. The GIR register identifies 
the highest priority active block interrupt request. The 
GSR register identifies all active (pending or in service) 
Block Interrupt Requests. The typical operation of the 
82510 interrupt handler is given in Figure 12. The two 
major issues of concern are the source identification 
and Control Transfer to the appropriate service routine. 


4.2.3.1 Source 
Identification 


The 82510 has 16 interrupt sources, and the CPU must 
identify the source before performing any service. Al- 
though the procedure varies, the typical method would 
be to identify the block requesting service by reading 


USER PRIORITY 
=! RX FIfO 
(HI) 
RX W"CHINE 
TlWER 


(TX 
FIFO 
TX W"CHINE 
WODEW (LOW) 
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Figure 13. Bypassing 
the 82510 Fixed Interrupt 
Priority 
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GIR bits 3-1. If the source is either Tx Machine, Tx 
FIFO, or Rx FIFO, no further indentification is need- 
ed, the user can transfer control to the service routine 
(in most cases, only one Timer will be used, therefore 
the Timer Routine can also be directly invoked). All 
modem I/O interrupts can be handled via one routine 
as all the modem interrupt sources are supplementary 
to the modem handshaking function. The Rx Machine, 
however, has two different types of interrupt sources, 
event indications (CCR! Address recognition CCR! Ad- 
dress Match, 
Break Detect, 
Break Terminate, 
and 
Overrun Error), and error indications (parity Error, 
Framing Error, these error indications do not refer to 
any particular character, they just indicate that the spe- 
cific error was detected during reception). For most ap- 
plications, the error indicators can be masked off, and 
only the event driven interrupts enabled. The error in- 
dicators can be read from the Receive Flags prior to 
reading a character 
from the FIFO. This interrupt 
scheme can be used, because the Receive character er- 
ror indicators are available in the Receive Flags, and 
can be checked by the Receive routine before reading 
the character from the Rx FIFO. 


Since all active status bits (except Rx FIFO interrupt in 
LSR and RST) are reset when the corresponding block 
status register is read, the interrupt routine must check 
for all possible active sources within the block, and 
service each active source before exiting the interrupt 
handler. 


The 82510 interrupt contention is resolved on a fixed 
priority basis. In some applications the fixed priority 
may not be suitable for the user. For these cases the 


user can bypass the 8251O'syriority resolution by using 
the General Status Register (rather than GIR) to deter- 
mine the block .interrupt 
sources requesting service. 
Each source is checked in order of user priority and 
serviced when identified (There will be no problem with 
using this algorithm in auto acknowledge mode because 
the INT pin will go low as soon as a pending and en- 
abled interrupt request goes low). The user will be trad- 
ing some service latency time for additional source 
identification time, this algorithm's efficiency will im- 
prove as the number of block sources to verify is re- 
duced. See Figure 13 for the algorithm. 


4.2.3.2 Interrupt Service 


A service operation is an operation performed by the 
CPU, which causes the source of the 82510 interrupt to 
go inactive (it will reset the particular status bit causing 
the interrupt). An interrupt request within the 82510 
will not reset until the interrupt source has been serv- 
iced.Each source can be serviced in two or three differ- 
ent ways; one general way is to disable the particular 
status bit causing the interrupt, via the corresponding 
block enable register. Setting the appropriate bit of the 
enable register to zero will mask off the corresponding 
bit in the status register, thus causing the INT pin to go 
inactive. The same effect can be achieved by masking 
off the particular block interrupt request in GSR via 
the General Enable Register. Another method, which is 
applicable to all sources, is to issue the Status Clear 
command from the Internal Command Register. The 
detailed service requirements for each source are given 
below: 


Table 4 Service Procedures For Each Interrupt Source 
Interrupt 
Status Bits 
Interrupt 
Specific 
General 
Source 
& Registers 
Masking 
Service 
Service 
Timers 
TMST(1-0) 
TMIE(1-0) 
ReadTMST 
Issue 
GSR (5) 
GER(5) 
Status Clear 
(StC) 
Tx 
GSR(4) 
GER(4) 
WriteCharacter 
Issue StC 
Machine 
LSR(6) 
toTxFIFO 
Rx 
LSR(4-1) 
RIE(7-1) 
Read RSTor LSR 
Issue StC 
Machine 
RST(7-1) 
GER(2) 
WriteOtobit 
GSR(2) 
inRST/LSR 
RxFIFO 
RST/LSR(0) 
GER(O) 
Write0 to LSR/RST 
IssueStC 
GSR(O) 
Bitzero. 
Read Character(s) 
TxFIFO 
LSR(5) 
GER(1) 
WritetoFIFO 
IssueStC 
GSR(1) 
ReadGIR 
Modem 
MSR(3-0) 
MIE(3-0) 
ReadMSR 
IssueStC 
GSR (3) 
GER(3) 
write0 intothe 
appropriatebitsof 
ofMSR (3-0) 


NOTE: 
The procedures listed in Table 4 willcause the INTpin to go lowonly ifthe 82510 is in the automatic acknowledge mode. 
Otherwise,onlythe intemal source(s) are decoded, the INTpin willgo lowonlywhen the ManualAcknowlegecommand is 
issued. 
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The 82510 can be used in a polling mode by using the 
General Status Register to determine the status of the 
various 82510 blocks, this is useful when the software 
must manage all the blocks at once. If the software is 
dedicated to performing one function at a time, then 
the specific status registers for the block can be used, 
e.g. if the software is only going to be Transmitting, it 
can monitor the Tx FIFO level by polling the FIFO 
Level Register, and write data whenever the Tx FIFO 
level decreases. Reception of data can be done in the 
same manner. 


5.0 SOFTWARE 
CONSIDERATIONS 


5.1 Configurati~n 


The 
82510 
must be configured for the appropriate 
modes before it can be used to transmit or receive data. 
Configuration is done via read and write registers, each 
functional block (except for BIU) has a configuration 
register. Typically the configuration is done once after 
start up, however, the FIFO thresholds and the inter- 
rupt masks can be reconfigured dynamically. If the 
82510 configuration is not known at start up it is best to 
bring the device to a known state by issuing a software 
reset command (ICM register, bank one). At this point 
all block interrupts are masked out in GER and all 
configuration and status registers have default values. 
The bank register is pointing to bank zero. The 82510 
can now be configured as follows: 
1. If BRG A is being issued as a baud rate generator 
then load the baud rate count into BAL and BAH 
registers. 


2. Configure the character attributes in LCR register 
(Parity, Stop Bit Length, and Character Length). 


(Note if interrupts are being used, steps 1 and 2 can 
also be done at the end, since the user will have to 
return to bank zero to set the interrupt masks in GER) 
3. Load ACRO register with the appropriate Control 
or Address character (if using the Control Charac- 
ter Match 
or Address Match 
capability of the 
82510). 


4. Switch to Bank two. 
(In this Bank the configuration can be done in any 
order) 
5. Configure the Receive and Transmit FIFO thresh- 
olds if using different thresholds than the default). 


6. Configure the Transmit Mode Register 
for the 
Stop Bit length, modem control, and if using echo 
or 9 bit length or software parity, configure the 
appropriate bits of the register. The default mode 
of the modem control is Manual, if using the FIFO 
then the automatic mode would be most useful). 
7. Configure the Rx FIFO depth, interrupt acknowl- 
edge mode, /-Llanor normal mode and echo modes 
in IMD register. 


8. Load ACR1 if necessary 
9. Enable Rx Machine Interrupts 
as necessary via 
RIE. 
10. Configure RMD for CCR, DPLL operation, Sam- 
pling Window, and start bit. 


11. Switch to Bank 3. 
12. Configure CLCF register for Tx and Rx clocks and 
or Sources 
13. Configure BACF register for BRG A mode and 
source. 
14. Load BBL and BBH if BRGB is being used (as 
either a BRG or a Timer). 
15. Configure BBCF register if necessary. 
16. If reconfiguration of the modem pin is necessary 
then program the PMD register. 
17. Enable any modem interrupt sources, if required, 
via MIE register. 
18. Enable Timer interrupts, if necessary, via TMIE. 
19. If using interrupts 
then 


i) 
Switch to Bank zero. 
Disable Interrupts at CPU (either by masking 
the request at the interrupt controller or exe- 
cuting the CLI instruction). 
ii) Enable the appropriate 82510 Block interrupts 
by setting bits in the'GER register. (CPU inter- 
rupts can now be reenabled, but it is recom- 
mended to switch banks before enabling the 
CPU interrupts). 


NOTE: 
At this stage it is best to leave the TxM and Tx FIFO 
interrupt disabled. See section 6.3 Transmit Operation 
for details) 
20. Switch to Bank One. Load Transmit Flags if using 
9-bit characters, or 8051 9-bit mode or software 
parity. If using interrupts CPU interrupts can now 
be enabled. 


Bank One is used for general operation, the 82510 can 
now be used to transmit or receive characters. 
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ENABLE INTERRUPTS FOR 
RX STATUS BITS VIA 
RX INTERRUPT 
ENABLE REGISTER 


SET MODES Of 
CONTROL 
CHARACTER RECOGNITION, 


DATA SAMPLING, 
AND 
DPLL USE, 


IN RX MODE REGISTER 


TO C 


Figure 14. Configuration 
Flow Chart 
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C 
IojODEIoIAND 
TIIoIING UNIT 
CONFIGURATION 


IN CLOCKS CONFIGURE 
REGISTER: SELECT SOURCES 
OF TX at RX CLOCKS 
SELECT IojODES OF 
TX at RX CLOCKS 


CONFlGURE BRG A CLOCK 
SOURCE AND t.lODE OF 
OPERATION VIA BRG A 
CONFIGURATION REGISTER 


o 


ENABLE 
THE 82510 
BLOCK 
INTERRUPT 
SOURCES 
VIA GENERAL 
ENABLE 
REGISTER 


CONFIGURE BRG B FOR 
SOURCE AND IojODE VIA BRG B 
CONFIGURATION REGISTER 
(IF BEING USED AS A BRG) 


ENABLE INTERRUPTS 
(IF NECESSARY) ON 
1oj0DEIoIINPUT PINS VIA 
IojODEIojINTERRUPT 
ENABLE REGISTER 


ENABLE TIIojER INTERRUPTS 
AS NECESSARY, VIA 
TIIojER INTERRUPT 
ENABLE REGISTER 


TO D 
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Figure 14. Configuration 
Flow Chart (Continued) 
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Figure 15.Tx FIFO Interrupt Hysteresis 


5.2 Transmit Operation 


5.2.1 GENERAL OPERATION 


To transmit a character the CPU must write it to the 
TXD 
register, this character along with the flags from 
the Tx Flags 
register is loaded to the top of the TX 
FIFO. If the Tx Machine is empty, then the character 
is loaded into the shift register, where it is serially 
transmitted 
out via the TXD pin (the flags are not 
transmitted 
unless the 8251O's configuration requires 
their transmission e.g. if software parity is selected then 
the S/W parity bit is transmitted as the parity bit of the 
character). The CPU may write more than one charac- 
ter into the FIFO, it can write four characters in a burst 
(five if the Tx Machine is empty) or it can check the 
FIFO level before each write, to avoid an overrun con- 
dition to the transmitter. In the case of the latter, the 
software overhead of checking the FIFO level must be 
less than the time required to transmit a character, oth- 
erwise the transmit routine may not exit until another 
exit condition has been met. 


e.g. at 288,000 bps for an 8-bit char no parity 
It takes 34.7 J.l-sto transmit one character. 


If the time, from the write to TXD to the reading of the 
Transmit FIFO level, is greater than 34.7 J.l-sthen the 
Tx FIFO level will never reach higher than zero, and 
the FIFO will always appear to be empty. Therefore, if 
the transmit routine is checking for a higher level in the 
FIFO it may not be able to return until some other exit 
condition-such 
as no more data available-vis met. 


This can be a problem in the interrupt handler, where 
the service routine is required to be efficient and fast. 


The transmitter has two status flags. Tx Machine Idle 
and Tx FIFO interrupt request, each of these condi- 
tions may cause an interrupt, if enabled. The Transmit 
Idle condition indicates that the Tx Machine is either 
empty or disabled. The Tx FIFO interrupt bit is set 
only when the level of the Tx FIFO is less than or equal 
to the threshold. These interrupts should remain dis- 
abled until data is available for transmission. Because 
outside of disabling the corresponding GSR status bits, 
the only way to service Tx Idle is by writing data to the 
Transmitter. Otherwise, the Tx Machine interrupt may 
occur when no data is available for transmission, and as 
a result will keep the INT pin active, preventing the 
82510 from generating any further interrupts (unless 
the Transmit Interrupt routine automatically disables 
the Tx Machine Idle and Tx FIFO interrupt requests in 
GSR). The threshold of the Tx FIFO is programmable 
from three to zero, at a threshold of three the Tx FIFO 
will generate an interrupt after a character has been 
transmitted. While at a threshold of zero the interrupt 
will be generated only when the Tx FIFO is empty. For 
most applications a threshold of zero can be used. If the 
threshold 
is dynamically configured, i.e. it is being 
modified during operation, then the Tx FIFO 
level 
must be checked before writing data to the transmitter. 


5.2.1.1 Transmit Interrupt Handler 


The Transmit Interrupt Handler will be invoked when 
either the Tx FIFO threshold has been met or if the 
Transmitter is empty. Since the Tx Machine interrupt 
is high priority (second highest priority, with Timer 
being the highest), the interrupt line will not be released 
to other lower priority, pending 82510 sources until the 
Tx Machine interrupt has been serviced. If no data is 
available for transmission, then the only way to ac- 
knowledge the interrupt is by disabling it in the General 
Enable 
Register. Thus the Tx Machine interrupt should 
not be enabled until there is data available for transmis- 
sion. The Tx Machine interrupt should be disabled af- 
ter transmission is completed. 


5.2.1.2 Transmission 
By Polling 


Transmission on a polling basis can be done by using 
the General Status Register and/or the FIFO Level Reg- 
ister. The software can wait until the Tx FIFO and/or 
the Tx Machine Idle bits are set in the General 
Status 
Register, and then do a set number of writes to the TXD 
register. This method is useful when the software is try- 
ing to manage other functions such as modem control, 
timer management and data reception, simultaneously 
with transmission. 


If management of other functions is not needed while 
transmitting, then continuous transmission can be done 
by monitoring the Tx FIFO level. A new character is 
written to TXD as soon as the FIFO level drops by one 
level. 
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Figure 16. 16 Tx Interrupt 
Handler 
Flow Chart 
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Figure 17. Using GSR for Polling 
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Figure 18. Data Transmission 
by Monitoring 
FIFO Level 
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Figure 19. Break Transmission 
Using Tx FIFO to Measure 
Break Length 
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5.2.1.3 
Break Transmission 
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The 82510 will transmit a break when bit six of the 
Line 
Control 
Register 
is set high. This will cause the 
TXD pin to be held at Mark for one or more character 
time. The Tx FIFO can be used to program a variable 
length break, see Figure 19 for details. If the break 
command is issued in the midst of character transmis- 
sion the TXD pin will go low, but the transmitter will 
not be disabled. The characters from the Tx FIFO will 
be shifted out on to the Tx Machine and lost. To pre- 
vent the erroneous transmission of data, The CPU must 
make sure the Transmitter is empty or disabled before 
issuing the Send Break command. 
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5.3 
Data Reception 


The receiver provides the 82510 with three types of 
information: 
a) Data characters received 
b) Rx Flags for each data character 
c) Status information on events' within the Rx Ma- 
chine. 


The Rx FIFO interrupt request goes active when the 
Rx FIFO level is greater than the threshold, if the in- 
terrupt for this bit is enabled then it will generate an 
interrupt to the CPU. This is a request for the CPU to 


read characters from the 82510. Each character on the 
Rx FIFO has flags associated with it, all of these flags 
are generated by the Rx Machine during reception of 
the character. These flags provide information on the 
integrity of the character, e.g. whether the character 
was received OK, or if there were any errors. The re- 
ceiver status is provided via the Receive Status 
Register 
(RST), 
which provides information on events occurring 
within the Rx Machine, since the last time RST was 
read. The information mayor 
may not apply to the 
current character being read from the RXD 
register. 


The CPU may read one or more characters from the 
Rx FIFO. After each read, if the FIFO contains more 
than a single character, a new character is loaded into 
the RXD 
register and the flags for that character are 
placed into the RXF 
register. The software can check 
for the Rx character OK bit in the flags to make sure 
that the character was received without any problems. 


5.3.1 RECEIVE 
INTERRUPT 
HANDLER 


The Receiver will generate two types of interrupts, Rx 
FIFO interrupt 
and Rx Machine Interrupt. 
The Rx 
FIFO interrupt requires that the CPU read data char- 
acters from the Rx FIFO. If the Rx Machine interrupts 
are disabled then the CPU should also check for errors 
in the character before moving it to a valid butTer.The 
interrupts generated by the Rx Machine can be divided 
into two categories--occurrence 
of errors during recep- 
tion of data (parity error, framing error, overrun error), 
or the occurrence of certain events (Control! Address 
character received, Break detected, Break Terminated). 
For typical applications, the error status of each re- 
ceived character can be checked via the Receive 
Flags, 


and the events can be handled via interrupts. 


5.3.2 RECEIVING 
DATA 
BY POLLING 


To receive data through polling, the 82510 can use the 
General Status 
or the Receive Status 
Registers to check 
for the Rx FIFO request. If the Receive routine does 
not generate time outs or modem pin transitions, then 
the data can also be received by monitoring the Rx 
FIFO level in the FIFO Level Register. The implemen- 
tation using GSR would be useful in applications where 
the software routine must monitor the timer for time 
outs or the modem pins for change in status. The exam- 
ple polling routine illustrates the use of the FIFO Level 
Register 
in receiving data. It waits for the Rx FIFO 
request before beginning data reception. The procedure 
Rx_Data_PolI 
will receive the number of characters 


requested in Char_count 
and place them in the Re- 
ceive butTer. 
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Figure 20. Rx FIFO Interrupt 
Handler 
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#define 
base 
Ox3F8; 
/* base 
address 
of. 82510 
*/ 
#define 
buff __ size 
128; 


Rx __Data __Poll 
(Char __ count, 
Rxbuffer) 
int 
Char __ count; 
/* Total 
# of bytes 
to be 
received 
*/ 
char 
*Rxbuffer 
[buff size]; 
{ 
int 
count = 0; 
int 
status, 
lvI, 
Rok; 


While 
(((status 
= 
(Inp(base+7) 
& Ox05)) 
( 
OxOl) 
/* If Rx 
FIFO 
Req 
in GSR 
set 
* 


/* Assume 
in bank 
one 
*/ 
/* 
If Rx FIFO 
is not 
empty 
*/ 
While 
((IvI = 
((Inp 
(base+4) 
& Ox70)/OxlO)0&&(count 
< 
(Char __ count)) 


{ 
/* 
If Character 
Received 
OK 
*/ 
if 
(((Rok = 
(Inp 
(base+l) 
& OxGO)) 


{ 
Rxbuffer 
[count] = Inp 
(base); 
++count; 


Figure 21. Example 
Polling Routine 


CONTROL 
CHARACTER 
HANDLING 


The 82510 has two modes of control character recogni- 
tion. It can recognize either standard ASCII or stan- 
dard EBCDIC control characters, or it can recognize a 
match with two user programmed control (or Address 
Characters in MCS-51 9-bit mode, for Automatic Wake 
up) characters. 
Each mode generates an interrupt 
through the Receive Status 
Register. The Receive Flags 
also indicate whether the character being read is a con- 
trol character. The usage of CCR depends on the maxi- 
mum number of possible control characters that can be 
received at anyone 
time. Applications such as Termi- 
nal Drivers, which have no more than two control 
characters outstanding, such as XON and Ctl-C, or 
XOFF and Ctl-C, can use just the Control Character 
Match mode by programming the registers ACRO and 
ACRI. If the CPU needs to process text on a line by 
line basis, the standard Control. Character recognit~on 
capability can be used to determine when an end of line 
has occurred e.g. a whole line has been received when a 
Carriage Return (CR) or Line Feed (LF) is received by 
the UART. 


Implementation of a character oriented asynchronous 
file transfer protocol can be done using both standard 
and specific Control Character Recognition. In such 
protocols most control characters 
such as Start of 
Header (SOH), can' only be received during certain 
states, these characters can be received via Standard 
Control 
Character 
Recognition. 
A few Control 
Charac- 


Ox40) 


ters (e.g. abort) can be received at any,stage of commu- 
nication, these can be received by using the Control 
Character Matching capabilities of the 82510. 


5.3.3 BREAK 
RECEPTION 


The 82510 has two status indications of break recep- 
tion, Break Detect indicates that a break has been de- 
tected on the RXD pin. Break Terminated indicates 
that the Break previously detected on the RXD line has 
terminated 
and normal Data reception can resume. 


Each of these status bits can generate an interrupt re- 
quest through the Rx Machine Interrupt request. N.or- 
mal consequence of break is to abort the data reception 
or to introduce a line idle delay in the middle of data 
reception. In the case of the former, the Break. Detect 
interrupt can be used to reset the 82510 Receive Ma- 
chine and the Rx routine flags; in the case of the latter, 
the break terminated interrupt can be used to filter out 
the break characters 
and resume normal reception. 


Each break character is identified by a break flag in the 
Rx 
Flags Register 
(the CCR flag, Framing error, and 
CCR Match flag also may become active when a break 
character is received) and is loaded onto the Rx FIFO 
as a NULL character. If break continues even after the 
Rx FIFO is full, then an overrun error will occur but 
no further break characters will be loaded on to the Rx 
FIFO. The user can also measure the length of the 
break character stream by using the Timer. 
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Figure 22. Handling Control 
Character 
Interrupts 
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Figure 23. Using Control Character 
Match in Terminal 
Ports 
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To improve the reliability of the incoming data the 
82510 provides a digital filter, a Digital Phase Locked 
Loop, and multiple sampling windows (which provide a 
noise indication bit). 


5.3.4.1 
Digital Filter 


The Digital Filter is used to filter spikes in the input 
data. The Rx Machine uses a 2 of 3 filter. The output is 
determined by the majority of samples. If at least two of 
the three samples are "I" then the output will be a "1". 
Spikes of one sample duration will be filtered but spikes 
of two or more samples duration will not be filtered. 


5.3.4.2 Digital Phase Locked 
Loop 


The Digital Phase Locked Loop (DPLL) is used by the 
Rx Machine to synchronize to the incoming data, and 
adjust for any jitter in the incoming data. 


The 82510 DPLL operates on the assumption that a 
transition in the incoming data indicates the beginning 
of a new bit cell. A valid asynchronous character frame 
will contain one or more transitions depending upon 
the data. If upon occurrence of the transition, 
the 
DPLL phase expectation is different from the sampled 
phase, then there is jitter in the incoming data. The 
DPLL will compensate for the phase shift by adjusting 
its phase expectations, until the expected phase and the 
sampled phase are locked in. The user can enable or 
disable the DPLL through the Receive Mode Register 
(RMD). 


5.3.4.3 Sampling 
Windows 


The sampling windows are used to generate the data 
bit, by repeated sampling of the RXD line. The bit po- 
larity decision is based upon a majority vote of the sam- 
ples. If a majority of the samples are "I" then the bit is 
a "I". 
If all samples are not in agreement then the 
Noisy Character bit in the RXF registeris set. The sam- 
pling windows are programmable for either 3 of 16 or 7 
of 16. The 3/16 mode improves the jitter tolerance of 
the medium. While the 7/16 window improves the im- 
pulse noise tolerance of the channel. 


The sampling windows also provide a Noisy character 
bit in the RXF register. This bit indicates that the cur- 
rent character being read had some noise in one or 
more of its bits (all the samples were not in agreement). 
This bit can be used along with the Parity and Framing 
error bits to provide an indication of noise on the chan- 
nel. For example, if the Noisy Character bit and the 
Parity or the Framing errors occur simultaneously, 
then the noise is probably sufficient to merit a complete 
check of the communications channel. The noisy bit 
can also be used to determine when the cable is too long 
or the baud rate is too high. The user would keep a tally 
of the noisy characters, and if more than a certain num- 
ber of characters were received with noise indications, 
then either the baud rate should be lowered or the dis- 
tance between the two nodes should be reduced. 


5.4 Timer Usage 


The 82510 has two baud rate generators, each of these 
can be configured to operate as Timers. Typical appli- 
cations use BRG A as a BRG and BRG B as a Timer. 
Since both the Transmitter and the Receiver may need 
to generate time outs, it is best to use the Timer as a 
Time Base to decrement ticks (upon a Timer Expired 
Interrupt) from (software implemented) Tx and/or Rx 
counters. The Timer can also be used to time out the 
Rx FIFO and read characters that otherwise may not 
have been able to exceed the Rx FIFO threshold. 


5.4.1 USE AS A TIME 
BASE 


The transmitter and the receiver routines use a software 
variable which acts as a counter. The variable is loaded 
with the required number of ticks that are needed for 
the Time Out period. Once started the Timer generates 
an interrupt each time it expires, the interrupt handler 
then decrements the counters. Once loaded the soft- 
ware monitors the counters until their value reaches 
zero, this would indicate to the software that the re- 
quired time period has elapsed. The Time Base value 
should be selected with regards to the CPU interrupt 
load. The CPU load will increase substantially when 
the Timer is used as a Time Base, therefore using the 
Timer in this mode at very high baud rates may cause 
character overruns. A time base of 5 or I ms is proba- 
bly the most useful. An additional benefit of the Time 
Base is that it can support more than two counters if 
required. 
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5.4.2 USE FOR RX FIFO TIME 
OUT 
BRG·B is used as Timer. 
BRG·A is used as BRG. 
TB Ex bit in TMST Enabled. 
T>t-Timer_Count 
contains count for Transmitter. 


R>t- Timer_Count contains count for Receiver. 
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Figure 24. Timer use as Time Base for Transmit 
and Receive 


In the 82510, Rx FIFO interrupts will occur only after 
the FIFO level has exceeded the threshold. Due to this 
mechanism and the nonuniform arrival rate of charac- 
ters in asynchronous communications, there is a chance 
that characters will be "trapped" 
in the Rx FIFO for 
an extended period of time. 


For example, assume the 82510 is a serial port on a 
system and is connected to a terminal. The user is en- 
tering a command line. The Rx FIFO Threshold = 3, 
and at the end only two bytes are received. Since the 
FIFO threshold has not been exceeded, the Rx FIFO 
interrupt is not generated. No other characters are re- 
ceived for 30 minutes, if the characters 
(in the Rx 
FIFO) are a line feed and carriage return, respectively, 
the CPU may be waiting for the CR to process the 
characters it has received. Consequently the characters 
will not be processed for 30 minutes. 


In order to avoid such situations, a Rx FIFO Time Out 
mechanism can be implemented by using the 82510 
Timer. The time out indicates that a certain amount of 
time has elapsed since the last read operation was per- 
formed. It causes the CPU to check the Rx FIFO and 
read any characters that are present. 


In applications where the character reception occurs in 
a spurious manner (the exact number of characters can- 
not be guaranteed), the Rx FIFO Time Out is the only 
way to prevent characters from being trapped. The time 
out period is measured from the last read operation, 
every read operation resets the Rx FIFO Tinier. To 
synchronize with the beginning of the data reception, 
initially the Rx FIFO threshold is set to zero. After the 
first character has been received, the threshold is ad- 
justed to the desired value. When a Rx FIFO time out 
occurs and no data is available, the threshold is reset to 
zero. In error free data transmission, the beginning' of 
data transmission is signaled by the reception of a con- 
trol character, such as SOH or STX, the Rx FIFO time 
out mechanism should be triggered to the reception of 
these control characters. 


2-219 


• 


intJ 
AP-401 


( 
MAIN RX ROUTINE) 


RX rlFO 
INTERRUPT ROUTINE 


231928-29 


2-220 


inter 
AP-401 


ONE'S 
COMPLEMENT 
OF PACKET 
NUMBER 


8 BIT 
8 BIT 


CONTROL 
CHARACTER 
231928-30 


128 
BYTES 
OF DATA 


128 
BYTES 


Figure 26. Packet Structure 
of XMODEM 


6.0 82510 IMPLEMENTATION OF 
XMODEM 


The 82510 XMODEM implementation is a file transfer 
program for the 82510 based on the XMODEM proto- 
col. The software runs on the PC AT on a especially 
designed adapter board (the adapter board design is 
shown in Figure 33). The software uses most of the 
82510 features including the baud rate generator, Tim- 
er, Control Character 
Recognition and FIFOs. The 
software uses an interrupt driven implementation, writ- 
ten in both assembly and C languages. 


6.1 XMODEM Protocol 


XMODEM is a popular error free data transfer proto- 
col for asynchronous communications. Data is trans- 
ferred in fixed length 128byte packets, each packet has 
a checksum for error checking. The packets are deline- 
ated by control characters, which act as flags between 
the Receiver and the Transmitter. There are four con- 
trol characters, SOH, EOT, ACK, and NAK. SOH in- 
dicates the Start of a Packet, EOT indicates the End Of 
Transmission; ACK and NAK are positive or negative 
acknowledgements 
of the 
packet 
respectively. The 
packet structure and protocol flow of XMODEM 
is 
provided in the figures given below. 


6.2 Software 


Interrupts are used to transmit and receive data. The 
software is implemented as two independent finite state 
machines-Transmit 
State Machine and Receive State 
Machine. Each state machine is triggered by external 
events such as user commands and data or Control 
Character reception. The state machines communicate 
with the 82510 interrupt service routines through soft- 
ware flags. The overall structure of the main routine is 
given in Figure 31. The major modules of the software 
are given in the hierarchy Chart, Figure 34, which lists 
the different modules in order. 


The interface between the main program and the inter- 
rupt service routine is done through global flags. The 
interrupt 
handler 
services four 
sources- Transmit, 


Timer, Receive, and Control Characters. Each of the 
interrupt sources communicates with each of the state 
machines through the global flags. The state machines 
keep track of their individual states through state vari- 
abIes. The interface between the individual states within 
a state machine is done through state flags. The state 
machine diagrams are given in Figure 29 and Figure 
30. 
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Figure 27. Protocol 
Flow for Transmit 
Side of XMODEM 
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Figure 28. Protocol 
Flow for Receive 
Side of XMODEM 
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Figure 29. Transmit 
State Machine 
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Figure 30. Rx State Machine 
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l 
END 


Figure 31. Software 
Structure 


6.2.1 TRANSMISSION 
OF DATA 


The Transmit interrupts are disabled until data trans- 
mission is required, this prevents unnecessary Transmit 
interrupts. The Transmit interrupt is enabled when a 
packet has been assembled or if a Control Character is 
required to be transmitted, Upon invocation the Trans- 


mit interrupt service routine reads characters from the 
packet buffer and writes it to the Tx FIFO. Since it 
does not require the use of the Transmit Flags, no in- 
formation is written to the TXF register. 


6.2.2 RECEPTION 
OF DATA 


Data reception begins only after a Start of Header 
(SOH) control character is received. This control char- 
acter puts the receiver in a data reception mode. After 
receiving the SOH, the CCR interrupt is disabled (since 
all data being received now is transparent and can not 
be interpreted as a control character). After 132 charac- 
ters are received, the CCR interrupt is reenabled and 
the corresponding ACK or NAK sent to the Transmit- 
ting system. The receiver has a time out feature, which 
causes it to check the Rx FIFO for any remaining char- 
acters. End of Transmission is indicated by an EOT 
control character, which causes the file to be closed and 
the Receiver to go into the Idle state. 
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,--------- 
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RECEIVE STATE MACHINE) 
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STATE 
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RX 
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CCR_TO_GET 
GET_CCR_RO 
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Figure 32. Using Flags for Communications 
with Interrupt 
Routine 
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A3 
Al 
30 
Al 
A2 29 
A2 
AD 31 
AD 


DO 9 
00 
01 8 
01 
02 
7 
02 
M' 
M 
' 


O. 5 
O. 
05. 
05 
06 
3 
06 
07 
2 
07 
iOR 
U 
iOR 
IOW 13 
iOvi 


RESET 2 
RESET 


ClK 
20 
IRQ. 
2. 
IRQ4 
IRQ3 25 
IRQ3 


OSC 30 


-12Vr,7~--~~--- 
+12V 
9 
GNO 1 
GNO 31 


5V 3 
OSC 30 


MOTHER-BD 


~Cl 
; 1 
1 
~\1 
Bot!-!! 12C2 
22K 


18.• 32 101Hz 


mu 
hi 


01 
RTS 
16 
RTS 


02 
Xl 
9 
Xl 


03 
X2 
8 
X2 


O. 


05 
06 
1 
TXOl 


07 
AD 
Al 
RXO 
11 
RXOl 


A2 
Ri 
5 
CTS 


R 
OSR 
1 
11 
,SET ". 
oeo 


t/tll 
~ 
i, 
I 


Ir 


CTS 


U3 


+5V 


75154 


1 3T 
.T 
1. 
2 
2T 
1Y 
13 
1; ~[: 


+5V 


OSR 


7.lS05 
I 
~ 
co 


U. 
I 


75150-P 


RI 
1 
S 
+12V 
! ~~O 
-1~~ 


U5 


OTR 


-12V 


TXO 


Ul0 


cl 


» 
'"CJ 
I~o..•. 


."~c; 


(0) 
!'> 


I\) 
::z:: 
N 
CD 
~ 
iil~~ 
'<o~ 
DI~ 
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...•. 
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PACE 
""IN 
PROCRAM. 
ftp.c 
'l~tO 
IKOO£" 


1 
Z. 


3 
4. 
S.,. 
7. 
I. 
t. 
10. 
I!. 
U. 
13. 
14. 
15. 
16. 
17. 
11. 
19. 


ZOo 
II 
U. 
13. 
24. 
2S . 
16. 
17 
21. 
U. 
30. 
31. 
32. 
33. 
34. 
35. 
U. 
37. 
lI. 
39. 
40. 
41. 
U. 
43. 
44. 
45 
46. 


47 . 
•• 
U. 
SO. 
SI. 


SI 
53. 
54. 
SS. 
56 . 
57. 


'includt 
MC:\ftp\f\p,def" 
'include 
"C:\lc.\fc.ntl.b" 
Itnclude 
-c \ lc\.tdl 
ib .x- 
tinclud 
••• t: \ 1c\.Ui 
o. h" 


/ 
/ 
,t.. 
•..••/ 
,... 
SEPTE,..ER 1'" 
••••• 
/ 


J •• 
' 
••••• 
/ 
,... 
11510 
1"01)£" 
UtPLEH.ENTATION 
••••• 
, 
t •••••••••••••••••••••••••••••••••••••••••••••••• 
/ 
int 
tof 
_his.; 
/* 
tnd 
of 
file 
f1&9 ., 


int 
npt 
.0; 


int 
tart 
19; 


int 
fufl,. 
int 
I.p_plct_nua,. 
1; 
/* 
nut 
P&cttt 
nuahr 
uptcted 
by 
r ece Leer 
*/ 
int 
ptst; 
int 
r s t een t : 
/. 
Tt •• 
Out 
counter 
for 
rlc.li'er 
./ 
int 
quit 
.hllt; 


int 
tt, 
• 0; 


int 
sohcnt 
.0; 
/ •• 
of 
SOH chauchu 
ree.hld 
*/ 
int 
r a t en t 
.0; 
/ •• 
of 
R. FIFO Interrupts 
*/ 
int 
c.ereftl 
.0; 
,* • of 
Ctl-Char. 
Inteuuptl 
., 
int 
tI_Itate 
.ta_idl.; 
,. 
Transailler 
State 
Yullbh 
., 


iftt 
ra_state 
•• ra_idl.; 
,. 
R.c.lur 
Stale 
Variable 
., 
int 
ta_cad. 
inacU.,..; 
,. 
Indicat., 
I. Valid 
Ta Coaaand 
wa, 
th.n 
./ 
int 
ra_cad. 
inacth.; 
/* 
Indicat., 
I. 
••alid 
Ra Co_and 
was 
h,a.d 
., 


,. 
Fil. 
to 
b. 
Transaitt.d 
., 
c.hu 
tI_ti 
l._na.et 
40] 
• 


,. 
Fil. 
to 
be R.c..i •.• d 
., 
char 
ra_fi 
It_ftaad 
40] 
• 


•• nd_ccr_r.q 
• 
inad 
i'f'; 
int •.• c .a; 
I, 
tldata 
[131]; 


rabuf 
t r ae r : 


radata 
(131]; 
ra_f_baf 
(nOaOI; 


In' 
In' 
int 
char 
chat 
char 
char 


I' 
flaG 
- 
R.qu •• t 
to 
Ta Ctl-Char 
*/ 
/. 
eontaln, 
the 
CIK 
uctot 
*1 


1* 
T. 
Buffer 
*/ 
" 
R. 
Buffer 
'1 


,. 
Ra Fil. 
Stored 
t n thh 
buffer 
., 


/ •••••••••••••••••••••••••••• 
I 
/ ••• 
t. 
stat 
••. 
ariabI.s 
••••• 
, 
, 
, 
int 
ta_in.a; 
I' 
Pointer 
to 
the 
n.lt 
charaeter 
in 
the 
buffer 
./ 


s t r a e t 
pacht 
char 
char 
ehar 
ehar 
char 


h.ad; 
paet_nu.; 
pact_eapl; 
buffer 
Cllll; 
eU.a; 


• t r ue t 
pac.t.t 
rapac.t. 
hpact; 
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PACE 
1 
HA IN 
PROGRA" 
ft p. c. 
11510 
IKODE" 


SI. 
59. 
60. 
U. 
61 
63 . 
• 4 
'5."."... 
n. 
70. 
71. 
71. 
73. 
14. 
75. 
7. 
71. 
11. 
79. 
ao 
11. 
11 
'3. 
84. 
IS. 
U. 
11. 
11. 
19 
'0. 
.1. 
tl 
tl 
94. 
'5.... 
97 
n." . 
100 
lOt. 
101. 
103. 
104. 
105. 


, ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
I 
,.... 
t. Shtt 
••. chine 
and 
inttrrupt 
•••••• 
, 
/.... 
handler 
flagl 
•••••• 
/ 
, ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
I 


, •• 
ha 
fond t. 
fifo 
inl 
tI_uq 
.0; 


inl 
int 
int 


c.c.r_to_tl 
c 0; 
h_bJtt_c.nt 
.0; 
ptt ,_,tnt 
.0 j 


'" 
/* 
Fla9 
- 
indic.atu 
•. rtq'Uut 
for 
tran •• iuion 
to 
11510 
Interrupt 
Handler 
*/ 
/* 
Aetoal 
Ctl-c.hu 
to 
Tu,n •• it 
*/ 
,* Total. 
of 
8,t •• 
Tran •• ithd 
*/ 
'* • of 
P&ehh 
unt 
*' 


, •• 
Ti •• r 
•• / 
inl 
II 
Uat_e.nt 
.0; 
/. 
Tran •• t t t e r Ti •• r 
Counter 
*' 


, •• 
CeR 
•• , 
inl 
gtt_c.cr_rq 
.0; 
'* 
rtf-V 
- 
RtquUl 
to 
RH'he 
Ctl-c.huac:.ter 
./ 
inl 
eer_to_get 
.OJ '* 
Rec.ti,,.d 
etl-char 
•• 1Qt *' 


/ •••• 
t ** ****••••• 
*•• *•• *••• *. *. *•••••••••••• 
*. *••••••••••• 
*' 
,.... 
* •••• 
, 


,.... 
RI 
STATE 
VARIABLES 
••••• 
, 
,.... 
.*•••, 
,.... 
...../ 
/ ••••••••• 
*•••••••• 
*•• *** •••• 
*•••••• 
*.** •• *.* ••••••• 
*.*** •• / 


char 
1nl 
1nl 


pk_chtJa 
i 
eot_cnt 
.0 i 
bad_pkt_cnt; 


/* 
Calculated 
CHl1Ia 
*1 
1* • 
of 
EOT, 
Rlcliud 
./ 


1* 
• 
of 
h,d 
hcklt, 
Receiud 
./ 


/ .* •••••• 
*.* ••• *••••••• 
** ••••••••••• 
*•• *••• *•••••••• 
, 
/*... 
ra 
,tate 
a&chine 
and 
Interrupt 
*•••• 
, 
/.... 
handler 
flaV' 
.*.*., 
/ •••• 
*••• **. *•••••••• 
*••••••••••• 
*. **.* ••••••• 
**.* *./ 
'" 
1nl 
fifo 
**1 
tI_byte_cnt 
.0; 


, •• 
CCR **' 


Ln t 


int 
,U 
Tiau 
*., 
Lnt 
tl_t 
iae_cnt 
.0 i 


I. 
Flav-Indicating 
that 
I. CU-Chlt. 
h, 
been 
reclhd*' 
1* 
Actual 
Ctl-e.h&r 
recei.ld 
*/ 


" 
Ree.ei.1 
Tia.r 
Count 
*1 
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PACE 


II'. 
101 
101. 
109 
110 
111. 
112- 


113 
114. 
115. 
116 
tt7.'". 
119 
120 
III 
121. 
123 
124 
12$ 
116 
121 
121. 
119 
130 
131 
III 
133. 
134. 
13$ 
136. 
131 
131 
139 . 
140. 
141 
142- 
143 
144. 
14$ 
146 . 
147. 
141 
149 . 
1$0 
151. 
1$1. 
1$3 
1$4 
1$$ 
1$6 . 
157. 
1$1. 
1$9 
160 
1&1 
162 
1&3. 
164 
16$. 


HAIN 
PRotRA" 
ftp.c 
81510 
1"00£'" 


J •••••••••••••••••••••••••••••••••••••••• 
, 


,.. 
"AIN 
ROUTINE 
•• *' 
t ••••••••••••••••••••••••••••••• 
* ••• 
11I 
•••• 
, 


•• in 
() 


( 
Int 
int 
int 
int 
1nt 
r t LE 
FILE 
int 
In t 
int 
int 
Int 
int 


q,hfLrrfl; 
r •• l,Y 
.0 
j 
cad 
•• 0; 
'#fp_ltatu 
•• 
0; 


.cod 
••• 
Dj 


tfPi 
-nIp 
j 
r"'lt; 
welt, 
rttJ_cnt 
.0; 


t oent 
.0; 
ta_sles, 
r~_llc,; 
1. s . 
Ipc.nt 
• 
0; 


,* R.tufts_it 
count 
*' 
,* 
Tt •• 
Out 
Count 
./ 


eLR 
(); 


MV_CURS (Io_r 
.IO_el 
; 
printf 
(11); 


ini 
t 
() 
i 


MENU 
o . 
.nbint4 
(); 


outp 
<lpOQ.I01>; 
outp 
«bp&+3l,QaU); 
1pent 
••0; 


" 
Cllar 
Ser •• n " 
/' 
S19R 
On " •••• 
9. " 


" 
Initialiu 
USIO 
and 
Vu i&blu 
" 
/' 
Pr int 
M,nu " 
" 
Enab 1. 
Interrupts 
In 
UstA 
" 
" 


ISSU, 
EOI 
" 


" 
.tlrt 
tiau 
B' ., 


" 
KupI 
Traet 
of • 
of 
Loop. 
" 


It ••••••••••••••••••••••••••••••••••••••••••••••••• 
t 
/... 
.,in 
while 
loop 
•••• 
, 
, 
/ 
while 
(quit-.f&lse) 


( 


/ 
/ 
/ •• 
displ&y 
protocol 
par •• e t e r s 
H/ 


/ 
••••••••••••••••••••••••••••••• 
/11./11 
•• 
/11 I 


++ 
Ipcnt; 
.,,_curs 
(4,30); 
printf 
("loop' 
• 
lIftu",lpcntlj 
.,,_curs 
(4 .~O); 
printf 
("ra 
t nt . 
cnt 
•• lIftu",rafc.nt), 
• •._eurs 
(5,50); 
printf 
(flcer 
int 
ent 
•• lIftu",c.erentl; 
••. _curl 
(4,1 I; 
printf 
("interrupt 
•.• c t e r 
•• lIftu \n", 
int 
•• e r : 
q. 
inp 
(bpa+4Ii 
tlfl 
• 
q I 
0.07; 
• •._curl 
(~,l)i 
printf 
("TI 
FIFO 
•• '4u 
",tlf!)i 
q 
•• inp 
(bpa+4)j 
ufl 
• 
q 
, 
0.10, 
••. _c.urt 
(&,t); 
printf 
("RX 
FIFa. 
~h 
\n",ulllt&)i 
• •._curs 
(',~O); 
printf 
("SOH 
count 
•. '43u",.ohc.nt); 
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166 
•• _tUU 
(Lt); 


167 
printf 
("bytes 
nc:ei"td 
t.3u",rI_bytt_cnUj 
161. 
."_cun 
(7,30); 
lU. 
print! 
("Byte. 
Sent. 
"3u".h_b,tt_cnOi 


17Q. 
a"_CUlI 
0, 
SO); 


171. 
printf 
{"[OT 
tount 
"hi", 
tot_cnt> 
i 


17% 
."_C1HI 
(S.301; 


113. 
printf 
("pUs 
rid. 
t.3u",<t.p_pkt_nua-l)j 
174. 
.,,_curl 
(&'30); 
115. 
prinH 
{"pUI 
IU.t 
••• 3•••• pU'_Itnt)i 


116. 
ta_,.c, 
• h_t i.,_cnt 
1100; 


177. 
[I_"U 
• 
tI_U 
•• _cnt/UOi 


171. 
open_wind 
(3,t,"T. 
Tt.ertl)i 
tn. 
print( 
t " 
• "lu 
tat,",ta_Ife,); 


Ho 
opan_wind 
(3.50,"aa 
Tiau")j 


111. 
printf 
CM. 
"lu 
•• e••••r._ •• e.); 


111 
.,,_cau 
<1,1) 
j 


113. 
print' 
("lad 
Plck.ts 
RId. 
'Uu".hd_pkt_cntlj 
114. 
.,,_cuutl. 30) i 


115. 
prinU 
COO, 
of 
R.T. 
pack.t. 
• IIth",reta_tnU; 
I". 
U1. 
'* 
If 
Co_and 
I"u,d 
then 
proc ••• 
the 
Co•• and 
./ 
Ill. 
if 
«hy 
.tbhitO) 
) 0) 
I" 
quit. 
procu,_cad 
(); 


190. 
Ul. 
.1•• 
192. 
( 
1t3 
1'4. 
/ ••••••• 
_•••••• 
-.- •••••• 
_••• _._._._ •••••••••••••••••••••• 
t 
tU. 
,..... 
Proc ••• 
T. 
STATE HACMIN£ 
••••• 
t 


1". 
,..... 
r •.•.ision 
0 
•••• 
_, 


.1t7. 
,._._. 
._-_./ 
tt. 
1_ •••• 
._ 
••••• 
_._._._ 
•••••••••••• 
_ ••••••••••••••••••••• 
, 
I" 
ZOO. 
switch 
(tl_Ihhl 
( 
JOt. 
e.a•• 
ta_idl.: 


201 
103. 
, ••••••••••• 
_•••• _••• _••• _.- ._ ••• - ••••••••••••••••••••••• 
, 


Z04 
,.... 
•• 
••• 
, 
105. 
, •••• 
TRANS"lTTER IDLE BTATE 
••••• 
, 
10'. 
/ _... 
••••• , 


207. 
,.... 
Ch.e.h 
for 
a S.nd 
Ct I-Char. 
• •••• 
t 
101. 
/.... 
Ch.cks 
for 
the 
Tr •••• 
it 
Co_and 
••••• 
, 
10'. 
,.... 
• •••• 
t 
110. 
,.... 
•• ••• 
/ 


Itl. 
,.~ •••••••••• 
- ••••••••••••••••••••••••••••••••••••••••••• 
, 


111. 
113. 
214. 
,. 
It 
Control 
Charachr 
to 
b. 
TrulIatthd 
Then Tuns.it 
the 
115. 
Control 
Charachr 
b, 
.etting 
the 
TI_uq 
Flag 
and 
enabling 
116. 
the 
T••• and T. 
FIFO inhtt·upts 
./ 
1 t 7. 
111. 
if 
«,.nd_cu_teq 
•• 
ae t !.•.•) U 
(!h_f.q» 


%\,. 
( 
110. 
tI_r.q 
_c t I_ch; 


11t. 
h_i_.nb 
(); 


121. 
while 
( h_uq)O); 


113. 
ta_i_dh 
0; 


U4. 
,.nd_ccf_fe._ 
hact 
i •• ; 


US. 
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PACt 


116 


227 
HI. 
n, 
130 


131 
132. 


233 
134. 
235 


136 
. 
237 


131. 
239 
240. 
24t. 
242. 


243 
. 


244. 
245. 
244 
247. 


241 
lU 
250. 
251. 
251 
253 
254. 
15' 
256 
. 
157 


258 
. 


2". 
160. 


261 


262 
163. 
264 
US. 


266 


267 
268. 
169. 
%70. 


271 
271 


273 
114 . 
275 . 
276 . 


277. 
278. 
H' . 
UO. 
Ul 


21%. 
U3. 
U4.U'. 


MAIN 
PROCRAM 
ftp 
c 
11'10 
XMODEM 


1* 
If 
the 
Trans.it 
Co•• and 
is 
i •• uld 
then 
Wait 
for 
I. 
HAl 
*1 
if 
(ta_cad 
activt> 


( 
h_cad 
= 
inactive; 
get_eec_Iq 
alet 
i •• ; 
tl_ti 
•• _cnt 
.100*,0; 
't 
60 
s e e . T1•• 
Out 
*/ 
h_state 
• 
wait_NAI; 


) 
bred: ; 


C.I. 
wait_NAX 
/* 
Waiting 
for 
I. 
HAK chuachr 
to 
blgin 
TI *' 


/ ••••• 
t ••••••••• 
** ••••••••• 
* ••••••••••••••••••••••••••••• 
, 
, •••• 
TRANSMITTER \lAtTINe 
FOR A MAl 
TO BEeIN 
••••• 
t 
, •••• 
TRANSMISSION. 
•• ••• 
/ 
/.... 
t.t •• , 


, •• U 
Chick, 
For 
Ti •• 
Out 
••••• 
, 
,.... 
or 
NA~ 
Rectifed 
••••• 
/ 
, 
/ 


wn_,tatu. 
a: 
chick_wait 
(); 
switch 
(wn_Ihtlu) 
( 
1* 
Ti •• 
Out 
or 
HAX Re.dt 
fI' 
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,* 
If 
Ti •• 
Out 
thin 
Abort 
Tran •• is.ion 
ft, 
t a_st ate 
.t a_i d le 
j 


beep o . 
pra'l) 
(UTi.e 
OUT !!!! 
tee.her 
not 
r •• ,d,"); 
ell 
(t a_r, 
t a_c) 
j 
open_wind 
(ta_l,ta_e,"NOHE")j 


break; 


ease 
waiting 
,ft 
if 
no Tiae 
Out 
and 
no HAt 
lewd 
then 
do nothing 
ft, 
bruk, 


,ft 
If 
NAl reeeiYed 
.then 
Open 
file 
and 
adunee 
to 
Tran •• it 
Paeket 
State 
., 


fp 
.fopen 
(ta_file_na.e,"rb" 
); 


if 
(fp 
•• 
NULL) 


( 
beep 
(); 
pra'l) 
("ERROR! 
11 
file 
do•• 
not 
ni.t"); 
ell 
(ta_l,ta_C); 
\ 


open_wind 
~ t a_r 
I t a_c, 
"none") 
j 
t a_st at. 
at a_i dl.; 


) 
el.e 


( 
ta_state. 
ta_rd,. 
tarflg 
• akpktj 
1* First 
task 
for 
Ta 


is 
to 
Prepare 
Packet 
*1 
,* Relet 
'Wait_NAtt Fh9 
tl 
VD_statUI. 
0; 


) 
break, 


) 
breat;'. 
end 
wait 
nak 
.f 
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PACE 


211 . 
207. 
UI. 
U9. 
no. 
2fl. 
292. 
2f3. 
U4 
295. 
It, . 
U7. 
U'. 
2" . 
300 
301 . 
302 
303. 
304 
305. 
306 . 
307. 
301. 
3n. 
310. 
311. 
3U. 
313. 
314. 
315. 
316. 
317. 
311. 
317. 
320. 
311 . 
322. 
323. 
324 . 
325. 
316. 
l17. 
3U. 
319 . 
330. 
331. 
332 . 
333. 
334. 
335 
336. 
337. 
331. 
339 . 
340. 
341. 
342. 
343. 
344. 
345. 


""IN 
PROGAA" 
ftp.c: 
az~10 
1110DEI1 


It 
Praput 
het.t 


ca.. 
h_rdy 
/ 
/ 


,.... 
TANSI1ITTER 
READY 
TO 
TRANS"lT 
•••• 
1: I 


/.... 
thr •• 
It&91t: 
of 
trans.ission 
••••• 
/ 
,.... 
prtp&rt 
packtt 
1•••• 
/ 
,.... 
Iftt. 
Handler 
Tt.n •• HUng 
••••• 
/ 
/.... 
or 
tatrant.tt 
reqat.t 
Ut 
•• , 
, 
, 
,* Any Control 
Charachr 
To Trans.it? 
ft, 
if 
«lInd_CCf_rtq 
•• 
actiu) 
&& 
(tl_rtq 
•• I» 
tI_ttq 
_ct I_chI'; 


./ 


/* 
Aeqat.t 
Int 
M.ndhr 
to T. 
data 
in 
bufhr 
I' 
/* 
Start 
Trln •• i.,ion 
., 


,. 
EnAble 
Ta" 
and 
T. 
FIFO 
Intunph 
*' 


It 
Interrupt 
Handler 
R ••• 
ts 
this 
flag 
to 
0, 
wbtn 
131 
byte. 
Ut 
tranlaitted 
*/ 


h_inh 
.0 j 
pr •• v ("pICket 
tun,.ithd")j 
gtt_eu_rq 
.aetht; 
1* Vait 
tor 
ACJt or 
NAJt */ 
h_ti.t_ent 
• 100*10; 
/* 
10 s ee Tt.t 
Out 
*1 
tl_Ihh 
• wait_CC; 
/* 
Vait 
tor 
e t I Ctu.rader 
*/ 
hrtl; 
•• tptt; 
h_i_dh 
r i , 
1* Disablt 
T," 
and Ta FlFO 
Inttrrapts 
*1 


/' 
Ta_rtq 
not 
rt,tt 
th.n 
IU 11 tunl.tttinv 
./ 


/' 
Th. atltan,.it 
r.qu.lt 
I. 
ts,atd 
by 
tht 
Vait 
_CC 
Itat. 
'/ 
/' 
.nab It 
t,., 
f IUlh •• fifo 


& ••• "/ 
/. tranl.it 
PICktt, 
pU. 
In 
buf ftr 
'/ 
/' 
ntat 
tast - RtTr anl.l 
t 
./ 
/' 
Enablt 
Ta" 
and Ta 
FIFO 
Inttrrupts 
./ 
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1* Vhtc.h Slagt 
of 
tunl.hlion 
?*I 
.witc.h 
(hrfl;) 


( 
c.u •• 
tpkt: 


if 
(h_uq"O) 


( 
••• bptt 
(pUI_ltnt, 
fp) 
j 
c.pylbuf 
(); 
h_uq 
.pH; 


tarf!v,.,ta.tv; 
ta_lnd 
•• 
0 j 


t '_i_tnb 
() j 


1 
brut; 
c.alt 
t •• tv 


if 
(t,_uq 
•• 
Ol 


I 
.11. 
pr.lV 
("tun 
•• ittillv") 
j 


outp( (bpa.'), 
tun); 


hrflv 
.ta.tv; 
t '_i_tnb 
() 
j 


buat 
j 
1 
brtat. 
1* 
End ta 
rd, 
c.••• 
*1 
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AP-401 


'ACE 
? 
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346. 
341. 
341. 
34' . 
350 
351. 
352 . 
353. 
354. 
355 . 
3H. 
351. 
351. 
35•. 
160. 
311. 
3"61. 
U3. 
314. 
US, 
3". 
"'. 
31•. 
3". 
310 
311 . 
312. 
313. 


374. 
315 
316 . 
311. 
311. 
379 . 
310. 
311. 
312. 
313. 
314. 
315. 
316 . 
311. 
3 •• 
311 . 
390. 
19l. 
311. 
393. 
394 . 
315. 
3". 
311., 
"I. 
3" 


ea •• 
VI. I t_CC 


J •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
/ 
/.... 
• ••• */ 
, •••• 
Tt.n •• t t t e r 
Stale 
- WaitinG 
For etl 
Char. 
•• ••• / 
/.... 
.t.,. J 


,.... 
MA.1 
rt,u •• t, rltta.s.h,ion 
*,*u/ 
,.... 
lCt 
- Tralls.it 
Nut 
Pact,t 
••••• 
, 
/.... 
. 
/ 
/.... 
. 
/ 
/•••••••••••••••••••••••••••••••••••••••••••••••••••••• 
t. f 


/* 
Cheek 
for 
onl 
of 
the 
Fo110whl, 
••• ftt,: 


TA •• 
Out 
MAl a.c. I •• d 
"Clt a,ell 
•• d 
or 
Sttll 
Waiting 
*/ 
I.iteh 
(welt' 
t 


'* 
If 
Ti •• 
Out, 
thin 
ruhrt 
Ta 
Ttser. 
Abort 
if 
Tt •• 
Out 
count 
is 
,ruht 
than 
tIn 
*/ 


if 
(toent 
>10) 
t 
wett 
.0; 
.lIort_la 
(); 
pr.,v 
("tleth'.r 
not 
r•• pondin,"); 


l 
el •• 
t 


++tOCftt; 
tl_t i.I_c.nt 
-100*10; 


l 


,. 
Inc. 
Tia. 
Oat 
Count 
., 


hut; 


e a•• 
"aitin, 
buat; 
I. 
if 
"aitin,. 
do notbia, I' 


I1 
If 
NAIt or 
Corrupt.d 
etl-ehar. 
r ee•••• d ., 
ca•• 
r I_,.n 
,ra'9 
("NAI ue.iud"); 
if 
(uh_cnt 
)10) 
'I aor. 
than 
10 att.apt., 
then 
Abortl, 
t 
r.t1_cnt 
.0; 
tocnt 
.0; 


abor t_tI 
(); 
pra'9 
(".ad 
link 
tun,ai 
•• ion 
alIorted"); 


l 
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• 


inter 
Ap·401 


PAGE 


400. 
40 I. 
401. 
403 
404. 
405. 
406. 
401. 
401 
40' . 
4\0 
411. 
411 
. 413. 
414. 
415. 


416 
. 


411 
4\1 
419. 
420. 
411. 
421. 
413. 
424. 
415 
4U. 
421. 
421. 
Ht. 
430 
431 
432 . 
433. 
434, 
435 
436 
431. 
431. 
43t. 
440 
44t. 
442 . 
443. 
444 . 
445. 
446. 
447 . 
441. 


"A IN PROGRA" 
It p.' 
82510 
I"ODE" 


el •• 


( 
tuftg 
_ut.; 
++ 
rlh_cnt 
; 


t I_' t & t •• 
t I_f dy 
j 


) 
breat; 


ea •• 
u_ACK: 


pralQ 
("ACl 
tlethed·); 


rltl_c.nt.O; 
tocnl 
• 
0 j 
++ptt._'lnt; 
printf 
("ptt,_"nt 
• "la", 


if 
<tof 
•• f.l'l) 


( 
tarftg 
.atpkt; 


ta_stat. 
.tl_cd,. 


) 


,I •• 


( 
pta'9 
(".,ndlng 
EOT"); 


eer_to_h 
• 
EOT; 


h_rlq 
act I_chr; 


ta 
i 
Inb 
(), 


while 
(tl_rlq 
!. 
Ol. 


,. 
If 
Rltunl.it 
Count 
Not 
uc.,ded 
then 
go 
bad 
to 


Tun •• it 
lta,1 
- 
tast 
i, 


r e t e an •• it 
./ 


pU,_ •• nt) 
j 


/* 
If 
.Ort 
hta 
to 
tran 
•• tt 
then 
tetrun 
to 
atptt 


lla;, 
and 
ta 
nlw 
ptt 
.• 
/ 


,. 
if 
end 
of 
fill 
, 
thin 
..nd 
EOT ./ 


/. 
wait 
for 
t a t . 
Handler 


to 
r ••• 
t 
fhg *' 
tl_I_411 
() 
j 


Vlt_ccr_rq 
a.ctiff; 
,. 
wait 
for 
Ac:k *' 
whil. 
(gtt_cc:r_rq 
•• e e t t •• 
>; 


pr.IQ 
("EOT 
&etnawledg •• ent 
rec.h.d"); 


if 
(ccr_to_Qet 
•• 
leX) 
1* 
ICIt rad 
• Clol' 
File *' 


( 


I 
• 
fdon 
(fp); 


abort_t.() 
; 


pr.IQ 
("file 
tran,.iI,ion 
co.phtetl)i 


231928-45 


) 


t I_I tat e • t 1_1 dle; 
) 


flir.at; 


} 
1* 
lend 
",ait_cc. 
cal. *' 


breat; 
} '* 
end 
.witch 
t. 
ltate 
., 
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It p. c 
III 10 SHODtH 
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44t. 
410. 
451. 
4H. 
413. 
414 . 
451 . 
4H. 
4\7. 
4\1. 
4\9 . 
UO. 
HI. 
461. 
H3. 
464. 
UI. 
4" . 
U1. 
UI. 
"f, 
470. 
471 
471. 
473. 
474. 
415. 
476 
477 . 
471. 
419 . 
410. 
411. 
411. 
413. 
414. 
411 
4,. . 
417 
418. 
4". 
490. 
491. 
491. 
493. 
494. 
US. 
U, . 
417. 
4f1. 
499. 
100. 
101. 
101. 
103. 
104. 
101. 
10£. 


, •••••••••••••••••••••••••••••••••••••• 
t ••••••••••••••••• 
, 
,..... 
Process 
R. 
STATE ""CHtHE 
••••• 
/ 
,.*... 
e e e t s t en 
0 
••••• 
, 
/..... 
...../ 
,** ••••••••••• 
* •••••••••••••••••••••••••••• 
11I 
•••••••••••• 
t, 
.witch 
(ra_ltatl) 


( 
ca•• 
rl_idl.: 


/ 
/ 
,.... 
. 
, 


, •••• 
RECEIVER 
IDLE: 
••••• 
/ 
,.... 
....., 
,.... 
wlit. 
tor 
Ullr 
eo••• nd 
••••• 
, 
,.... 
before 
l.ndinljJ 
HAK, 
••••• 
, 
,.... 
. 
/ 
,.... 
. 
, 
, 
, 


'* 
If 
f.e.h. 
Co_and i. 
h,Iad 


th.n 
.tart 
RI 
t iau 
and 
chaDV. 
R.c.iTU 
.tat. 
to 
ru.d, 
./ 


Irl_.tate 
_ rl_rd, 
j 
u_tia._cnt 
_100.10; 


ri_cad. 
inacti 
•.• ; 


bred:; 


ease 
ra_rd,: 


/ 
/ 
,.... 
. 
/ 
/ •••• 
RECEIVER READY: 
••••• 
/ 
/.... 
.end. 
HAlt 
upon 
Ti.e 
Out 
••••• 
/ 
/.... 
or 
check. 
(or 
SOH 
••••• 
/ 


,.... 
or 
EOT dl·char. 
•• ••• / 
/.... 
. 
/ 
,~... 
.. 
, 


( 
/ 


rlrt 
19 _wait_ra 
(); 
,. 
Cheek. 
R. Tt •• r 
aDd return. 
- 
Ttae 
Out 
it 
•• pind 
waitino 
if 
not 
•• pind 
SOH If 
SOH e e e r.ceiud 


EOT 
if 
EOT 
c c r 
fece 
h.d 
., 
.witeh 
{rut 
I,) 


( 


ease 
waitin9 
't 
1t 
waitin9 
then 
do 1Iiothin9 
., 
bruk; 


eu. 
SOH 
,. 
It 
SOH fecelud. 
then 
90 
into 
data 
neept 
ion 
.ode 
and 
eh an,. 
RI 
Tt.er 
count 
to 
4 ne 
•• 
, 


++ 
.ohent 
j 


u_.tate 
_u_pkt 
j 


rl_tt.e_cnt 
_100.4; 
I. 
tour 
.econd 
ti •• 
out 
., 
r e t e eat 
_0; 


break; 
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• 


inter 
Ap·401 


PACE 
10 


50' 
501. 
sat, 
510 . 
'" 
511. 
513. 
514. 
'" 
SU. 
'" 
511. 
SU. 
520 . 
'" 
512 . 
513. 
H•. 
515. 
5H. 
511. 
HI. 
519. 
5l0. 
511. 
sn. 
'" 
53 •. 
535."., 
SUo 
Sll. 
u., 
540 . 
'" 
5n. 
543. 
$44. 
S4S . 
SU. 
547 . 
'"~ 
H'. 
SSO . 
551. 
SU. 
553. 
'H. 
su. 
SUo 
557. 
SS •. 
'" 
HO. 
'",n 
SUo 
s••. 
SUo 
'66 . 


e ••• 
t i••_oul. 
,. 
if 
0 •• 
out 
, 
not 
in 
till aid.l 
of 
PAct.t 
r e e.• pti." 
thl ••••• 
HAl 
I' 


1f 
II 
IIp_pU_I 
•••• 
tI 
Cl 
I ri_by 
te_cat 
•• 01) 


( 
pr.s. 
("la 
ti •• 
ovt 
It!!! 
•• ndi1l0 
HAI~); 
if 
< •• 
nd_eel_to 
••• 
i"acth.' 


( 


ccr_to_tI 
.NAIt; 


,,"d_eel_roq 
aactl".; 


r._tt.o_Cftt 
.200'10; 


br.at; 


e••• 
[aT: 
" 
If 
Eftd 
01 
Tut 
r e .•d, 
and 
data 
re,d 
tho •• 
u"d 
lCI 
"ad •••.• 
all 
packot. 
roeoh 
•• 
la 


flit 
" 


++ 
oot_cat; 


opo,._wlnd 
In,SD,~Elld 
of 
Tut"); 


if 
<tI,_,U_nu_ 
)1) 
( 


If 
< •• 
nd_ccI_roq 
•• 
inlC:U 
•• 1 " 
Sond 
ACI 
., 


t 
••• 
d_eel_t 
••• 
actho; 


ccr_to_h 
.At"; 
I 
rI_It.t. 
_rI_idle; 
,t 
Roe.hor 
Roturns 
to 


141e 
., 
,. 
e r •• te 
file 
., 
rafp 
.fop 
•• 
(rI_fU._ 
••••• 
• ••• 
·,. 


rWlt 
_twrlt. 
CCra_f_ • .,[OJ.IU.llp_ptt_n 
•• -I.rlfp); 


if 
(rwlt 
(1) 


( 
pr." 
PYrite 
file 
uror 
"); 


priaU 
C".rror 
• 
IIt4 •••• 
Crw.t.f.rrorCr.f'»); 
I 


r •• l 
.felo,. 
(r.fp); 


if 
t r •• l 
•• D' 


pr." 
C"file 
tee..t.elll"); 


.Is. 
pr •• , 
("Error 
in 
cl.,lII, 
fil. 
"'; 


I 
"'e •.tj 
I 
"'e •.t; 


c.'e 
rI_ptt: 
'ft 
P•.etet 
reeeptioll 
., 
, 
, 
,.... 
. 
, 


,.... 
RECEIVE 
PlCIET 
STATE 
••••• 
, 


/.... 
• •••• 
t 


,.... 
cheet, 
for 
Ti •• 
Out 
••• u, 
,.... 
or 
III .,t•• rec.h'.d 
••••• 
, 
/ •• u 
wblcb 
al,a&1I 
tbe 
.alll ., 
p&ctet 
••••• 
, 
,.... 
. 
, 
I·················.· 
············· 
/ 
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AP-401 


PACE 
11 


567 
561.'" . 
S70 
57l. 
571 
573. 
574. 
57S. 


576 
. 


S77 
571. 
S79 . 
HO. 
SII 
. 


HI. 
Sl3. 
S14. 
SlS. 
5U. 
517. 
SIB 
519 . 
590. 
591 
HI. 
H3. 
SH. 
HS 
5". 
Sf7. 
5"'" . 
.00 
6D I. 
&01 
'03. 
'04. 
605. 
'04. 
60? 
60' . 
,n. 
,to . 


611. 
'11. 
'U. 
614. 
615. 
616, 
617 
61 •. 
61' . 
610. 
62-1. 
611. 
613. 
614. 
US. 
61' . 


"-A1N 
PROCRA" 
ftp 
c 
81510 
IHODEK 


It 
If 
y.lid 
R. 
Ti •• 
Out. 
i .• 
no 
d,ta 
ncti.,d 
for 
4 
"Cl 
the" 


eh, et 
RI 
UFO 
for 
characters 
and 
tll,d 
if 
an, 
••• ill.bl, 
*1 
if 
«tl_ti.,_cnt 
•• 0) U 
(fI_byte_cnt 
(131) 


( 
ran 
• 
«inp 
(bp •• 
4l 
, 
0.10)1 
0.10); 


if 
«utoc.nl 
)a 
ID) 
" 
(ran 
(.0)) 


l1_1 t. t •• 
t I_i d1.; 


pr •• g 
t " 
Ree.ti.er 
Tt •• 
Out, 
no 
DATA"); 


t.tocnt 
.0; 


/. 
chlct 
R. 
rIFO 
Lt.et *' 
'* 
if 
aort 
thin 


to 
.It..ph 
."d 
no 
data 
thin 
abort 
t ran •• it 
«t 


,I •• 
'* 
otherwhe 
-res t er t 
Ra Ti.er. 
and read 
data 
fro. 
510 
*/ 


( 
if 
(raft 
!_ 
0) 
J. 
R. 
FIFO 
1••• 
1 ) 
0 ., 


( 


rI_t 
i.,_cnt 
.100*'; 
ufl 
• 
«inp 
( bp. 
+41 , 
0170)10110); 


whilt 
( 
nfl 
!. 
0) 
1* 
R•• d 
fro. 
FIFO 
.f 


( 


ndata 
ClI_byte_cnt) 
• 
inp 
(bp"; 


++ 
rl_b,tl_cnt; 


++ 
tafent; 
-- 
rlf1; 


) 
r s t e en t 
• 
0; 


) 
el.e 


( 
ritocnt; 
ra_t 1.a_cnt 
.200.4; 


/. 
rn e . 
raceh. 
Tt •• O"t 
Coont 
./ 


) 


) 


it 
(u_b,te_cnt 
•• 
131) 


( 


u_b,te_cnt 
.0; 


r.tocnt 
.0; 


pt.t 
.chtptt 
(up_ptt_n".); 
/. 
Chect 
Pacht 
«t 


/. 
return. 
EOft if 
Packet 


without 
./ 
/ •. fA·/ 


if 
«pl.t 
••• 
01) 
: I (ptst 
•• .old» 


( 
pr •• g ( •••• nding 
At,;"); 


for 
(hO; 
UU'; 
i++) 
tabaf 
(1) 
• 
udah 
[1+2]; 


/ •• 
writa 
pactet 
to 
baffer 
•• / 
it 
(pht 
•• aol) 


( 
/. 
eop, 
to .ain 
file 
buffer 
./ 
231928-48 
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inter 
AP-401 


PACE 
12 
""IN 
PROCRAM 
ft p. e 
azs 10 
1110D£" 


H1. 
611. 
U9. 
'30. 
631. 
631. 
633. 
634. 
635 
636. 
'11. 
6lt. 
'19. 
uo. 
'41. 
641. 
643 
644. 
645. 
6U. 
641 
641. 
649 
'50. 
651. 
'51 . 
653. 
'54 . 
'SS. 
'56 
657. 
'58. 
659 . 
660. 
661. 
661. 
663. 


664. 
"5 
H' 
667. 
HI. 
'" 
. 
670. 
671. 
H2. 


bd_c:py 
(n,_pkt_Dua) 
; 
..p_pt t_na. ; 


) 
.Is. 
pr•• 
CJ 
(·old 
pu.tet 
utra 
•••• lthd-); 


et •• 
sh_pU_par.a 
C); 
I· 
If 
error 
th, •• show 
plet,t 
'. 
c.hhua 
.Dd 
paek.t 
c:oaph •• nt 
*/ 
rl_.h.t •• 
rl_t4Yi 


..tint4 
C); 
/* 
Enabl. 
etl-tlu 
intl' 
.tt_hnk 
(00); 
oatp 
«bp.+tl,(inp<bpu.)lechn»; 


.tt_hnt 
(Ot); 
enbint 
4 
(); 


•• nd_cer_rtq 
sacU •• ; 
'* Stnd 
1CI( ., 
cc:r_to_h 
.ACK; 


) 
,. 
Ind 
,t •• *' 


) 
, •• 
end 
switch 
fI 
Itate 
•• , 


) 
brl.1t: 
; 


) 
/* 
Ind 
while 
quit 
*/ 


ut 51 0 
(); 


outp 
«bp. 
+ 
11,00); 


cad. 
0,10; 


•• in, 
(0.21), 
cad 
• 
(... 
: 
c:ad); 
oatp 
(O.U.c.ad); 
e t r 
(); 


Icode 
• 
0; 


_,.it 
<1e:04,); 


)1* end .,In 
*/ 


/. 
r ••• t 
12510 *' 
/* 
di •• ble 
11510 inhrraph 
./ 


/. 
dhabh 
115U. 
interrupt 
., 
/. 
00010000 
., 
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intJ 
AP-401 


PACE 
t 3 


673. 
674. 
675. 
'""7. 
471'" . 
410. 
Ut. 
HI. 
413. 
414. 
415 . 
.,,,. 
617. 
HI. 
'If 
. 


"0. 
"1. 
"1. 
"3 
"4. 
,,5 
'" 
"7. 
" a .'" . 
700. 
701. 
701 
703 . 
704. 
70S. 
706 . 
707. 
701. 
709. 


710 
. 


711. 
711. 
713. 
714. 
715. 
716. 
117. 


""IN 
PROCRAM 
ftp. 
c. 
82 H 0 11100£" 


utSl0 
() 
/ 
, 
,.... 
. 
/ 
,.... 
RESET 11510 
to 
d.fnlt 
",at. 
GP aod. 
•• ••• , 
/.... 
. 
/ 
,.... 
. 
, 
,.... 
. 
, 


/ 
, 


( 
'It_bank 
<Ol); 
outp 
(tbp&.').hlO)j 


) 


•• nu 
() 
, 
/ 
,.. 
dilp1&,. 
thl 
•• na 
on 
the 
"I 
/.. 
s e e e en . 
.., 
,.. 
.., 
/.. 
.,/ 
/.. 
../ 


/ 
, 


op.n_wind 
(t,t,"baud 
rat,"); 
print! 
t " 
,. 
1100 
")j 
op.n_wind 
(l,lZ,"c:hat. 
sis'''); 


priftH 
(" 
•• 
bits"); 
op.n_wind 
(1.45 
• 
MParit,M); 
print( 
( •• disabled"), 


open_wind 
(l.U, 
"Stop 
Bit."); 


pr 1nt f 
( ••• 
1"); 


.._curs 
(1,1); 
printf 
(Mu •• r ••••• 
g•• 
:M), 


.y_curs 
(10,15); 
printf 
("(1) 
TR1NS"lT 
FILE 
.); 
OPEN_VIND (ta_r,h_c,"non."); 
.y_c.url 
(12,1$); 
printf 
("(1) 
RECEIVE 
FILE 
"), 
OPEN_VIND (ra_r. 
ra_Co. ·non."); 
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• 


AP-401 


PACE 14 


711. 
719 . 
110. 
721. 
711. 
713. 
724. 
71$. 
716. 
727. 
711. 
7Jt 
730. 
731. 
731. 
733 . 
734 . 
735. 
136 . 


737. 
731. 
739 . 
740. 
741. 
742 
743. 
744. 
745 
7H. 
747 
741. 
749 . 
750. 
75t. 
752. 
753. 
754 . 
755. 
756. 
757 
751. 
7H. 
HO. 
761 . 
761. 
163. 
164. 
765 . 
766 . 
167. 
HI. 
7". 
770. 
771. 
772. 
773 
774 . 
775 . 
776. 
777. 


Ini 
t 
() 
/ 
, 
, •• 
tnthl1 
••• 
Softwue 
and Confie_u, 
H/ 
, •• 
the 
12510. 
Al.o 
lets 
tip 
the 
hternpt 
•• t 
/.. 
Hu,dl.t. 
../ 
,.. 
../ 
/.. 
at, 
, 
, 


( 
h_t i.l_tDt 
.100; 
r'_ti.l_cnt 
.1000; 
initpack 
0; 
cia, 
(); 


init_Ut 
t t ; 


CODUt_5lO 
(); 


•• t_b.nk 
(01); 


1* 
S.t 
up 
tnhrrapt 
handler 
*' 


1* 
COllfi,'u. 
SlUG 
*/ 


1* 
Swit ch 
to 
aanlt 
on. 
for 
opera 
ti on * I 


) 
initpac.t 
() 
,•••••••••••••••••• 
** ••••••••••••••••••••••••••••• 
/ 
/*. 
.., 
,.. 
Jnt1&l1.u 
T. 
Buffer 
to 
NUL. 
tt, 
/.. 
../ 
, 
/ 


( 
int 
i; 


hp.et.h 
•• d • 
SOK; 


r .pack 
h.ad 
.SOH; 


tapu:t 
pact_nu •• 
0; 


rapact 
pact_nu •• 
0; 


hpact.pact_c.pl 
• 
0; 
rapact 
_pact_c.pt 
• 
0; 
for 
<i.0; 
I 
<tU; 
1++) 


( 
rl,ac.t.baffuCIl.HUL; 
tlpact.llafhrCil.NUL; 


) 
tap.ct.cht 
••• 
0; 


up.d:. 
cbt ••• 
0; 


) 


anbjnt" 
() 
, 
, 
,.. 
.., 
,.. 
Enable. 
IHT. 
in 
the 
12$91 
ta, 
/.. 
.., 
t ••••••••••••••••••••••••••••••••••••••••••••••••• 
, 


( 
int 
tnt_anll 
• 
O.EF; 


tnt 
y; 


y.lnp 
(ipOl); 
tnt_anb 
• 
(y , 
tnt_anll); 


outp 
(ipOl,tnt_eub); 


) 


/. 
11101111 
./ 
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c:.onfig_510 
(I 


t •••••••••• 
111111111111111111111111111111••••••••••• 
11•• 
1111.11.11 
•••• 
' 
,.. 
.., 


,.. 
Configure 
the 
11510 
•• , 


,.11 
•• 
, 


/ ••••••• 
11.11111111111111111111 •• 
11•• 
1111••••• 
11.11111111 •••• 
1111.11 ••• 
11' 


( 
int 
ul; 


193 . 
7" 
"S. 
176 . 


797. 
?tl. 


799 
. 
aoo. 
8O!. 
a02. 


80' 
104. 
eoS. 
a06. 
107. 
eoa 
109 . 
810 
all 
812. 
al3 
81' 
81 S. 
IU. 
111. 
818. 
11t. 
820 
111. 
an 
123 . 
82' 
82S. 
116. 
827 
82a 
129. 
130. 
831. 
13l. 
833. 
a34. 
83S. 
836. 
837. 


.et_hnt 
(021; 
.al 
• 0,00; 


outp 
«bpa 
• 4), 
ull; 


't'al .0,71 
outp 
«bpa 
.7) ,'t'a1); 


ul 
••0.00 
outp 
«bpa 
.3),.,..1); 


.,..1 
.0.30; 


outp 
«bp 
•• l>,u1); 
.,..1 
-0.10; 


outp 
«bp"') 
,ul>; 


ut_hnt 
(03); 
'ul 
.0.50; 


outp 
«bpal 
.• al)j 


Yal .O.d'; 
•• 
t_dlab 
(OH; 
outp 
«bpl), 
ul); 


't'al _0,b4; 
outp 
«lip" 
1>,'t'al); 


re •• t_dlall 
(03); 


.,.al •• 0.00; 
outp 
«bp 
•• 3),'t'a1); 
n.1 
••0,02; 


outp 
«bp •• ') ,'t'al); 
.et_hnt 
(00); 
't'al 
_blt.nb; 


outp 
«bpa.ll,ull; 


't'a1 _ 0.07 
j 
outp 
«bp 
•• 3),'t'al); 


ut_dldl 
(00); 


.,&1 
• 
OlEO; 


01ltp 
(bpa ,'t'.I); 


n,1 
_ 0.01 j 


oatp 
«lIp&+1>,Yall; 
r ••• t_dlab 
(00); 


) 


t ••••••••• 
1111••••••••• 
11••••••••••••••••••••••• 
, 


/. 
I"D 
- 
R. 
FIFO 
depth 
.4, 
auto 
ac:.t.noraal 
11/ 
/. 
10(:&1 Ioopbac:.t 
., 


/. 
RtrO 
- 
ASCII 
CeR.dil&ble 
dpl1.7/U 
•• apl 
., 
I. 
window,.blolate 
s t e r t 
bit 
l.ap1in9 
., 


,. 
TKD 
- 
a&nual 
aode, 
2 Itop 
bits 
., 
,. 
no 
'-bit 
eh e r , 
no 
,/w 
putt, 
., 


,. 
F"D 
- 
RI fifo 
Threshold. 
3 
., 
,. 
T, fifo 
thruhold 
.0 
., 


,. 
RIE 
- 
Enable 
tI 
interrupts 
11' 
,. 
., 


,.- 
I'(ODE" 
CONFICURATION 
., 


/. 
CLeF 
161. 
IRCA 
./ 
/. 
., 


/. 
IlL 
for 
Sa. h.. 
./ 
,. 
., 
,. 
., 
,. 
., 
,. 
ISH - 
for 
5 a, h.. 
., 
,. 
./ 


/. 
IBeF 
"1 
c:.lk s ear e e • tiaer 
aode 
., 
,. 
./ 


,. 
TKIE 
Tiaer 
I 
interrupt 
enable 
., 
,. 
., 


,. 
BANk 
0 FOR 
CENERAL eONF le. 
, 
,. 
CER - 
enabl. 
ttaer, 
r e , 
CCR 
./ 
,. 
bloc:.t 
interrupts 
11' 
,. 
LCR - 
disable 
puity, 
• 
bit 
c:.hat 
11' 
/. 
., 
,. 
·1 


111 
BRCA 
dl't'i.or 
.0lEOK 
for 
1100 
., 


, ••••••••••••••••••••••••••••••••••••• 
11•••••• 
t 
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• 


inter 
AP-401 


PACt 
l' 


838. 
13' . 
140. 
'41. 
In 
143. 
144. 
145. 
IU. 
847. 
141 
an. 
ISO. 
IS I. 
152 . 
153 . 
154. 
IS5. 
"6. 
151 
asl. 
159 . 
"0. 
HI. 
HI. 
"3. 
U4. 
US. 
U' 
167. 
UI. 
I •• 
110. 
111. 


•• t_dlal! 
(bank) 
, 
, 
It' 
tt, 
,.. 
Set 
OL11 bit 
to 
allow 
lee ••• 
to 
•• / 
,.. 
OJ,jlor 
R'gilters 
H' 
,t. 
.., 
, 
, 


inl 
banlt; 


[ 
inl 
in.,l; 


•• t_hnt 
(00); 


in •• I • 
inp(bpa 
.3); 


in.,l 
.in,al 
: 01 ID ; 


oulp 
«bpI.+3),inul); 
•• t_bant 
(bant); 
I 


'* 
ut 
dll.b 
in teR*' 


r ••• 
t_41 •• 
(bant) 
, 
,,' 
,.. 
_., 


,.. 
R••• 
l 
OL11 
bit 
of 
LeR 
u, 
ft. 
.., 
, 
, 


inl 
hank 
j 
[ 
inl 
in •• 1j 
•• t_blnt 
(00); 
in,.t 
• 
inp{bpa 
+3); 


in,.1. 
(in•• l , 
h7f); 


oalp 
«bpl+3). 
in •• 
l); 


t.t_bant 
(bant); 


I 


,- 
dl.b 
• 
0 in Le.-, 
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It p. c 
12 S10 IHODEit 
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111 
113. 
174. 
I7S. 
I". 
171. 
171. 
179 . 
110. 
I" 
IU. 
113. 
114. 
liS. 
I". 
117. 
IIII., 
.,0. 
Ifl. 
In. 
It3. 
.,4. 
US. 
I" . 
I". 
I". 
I" . 
tao. 
901 . 
901. 
ta3. 
"4. 
taS.'" . 
t07. 
"I. 
'Of . 
910. 
911 . 
tu. 
91' . 
914. 
915. 
tu. 
917.'". 
'If . 
no. 
tu. 
'U. 
'11. 


J •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
, 
/.... 
...../ 
,.... 
11510 inter rapt 
lu'tic.. 
toatlal 
••••• 
, 
,.... 
....., 
,.... 
.2S10 
Int,rrapt 
soare •• : 
••••• 
t 
/.... 
Ta" 
TI 
FIFO 
••••• 
, 
/.... 
CCR 
II 
FIFO 
••••• 
, 
,.... 
TI"tR 
8 
••••• 
, 
,.... 
• •••• 
I 
/.... 
Jhntifi 
•• 
and 
•• r s r e •• 
the 
n510 
interrupt 
••••• 
/ 
/t... 
aOUtce 
rlqv.,Unt 
•• r.ie.. 
"Uti 
,.... 
• ••• 1/ 
/.... 
. 
, 
, 
, 


tu_stD 
() 
( 
1nl 
tnl 
1nl 
1nl 
tnl 
1nl 
1nl 
tnl 
int 


soatce 
cad_b 
j 


.t_b; 
i; 
et! e• 


f 1,,; 
(lif".l; 
flth!; 
ta_char; 


,t 
Stor •• 
Tt.p. 
Valut 
of 
elR 
./ 


eiry.1 
-1np 
(bpa.21; 
'* Sa•• hnk 
utisht 
in hap. 


location *' 
outp 
CCbp•.• l) .0.10) 
aoare. 
& ,.tsre 
C); 
lnt",e 
.soare,; 
switch 
<soare,) 


/. 
C.t 
V,etor 
Fro. 
CIR 113 ./ 


/. 
S.r .•le. 
the 
Soure •• 
/ 


e •.•• 
t ia.r 
/ 
/ 
,.... 
....•, 


,.... 
TInER 
SERVICE 
ROUTINE 
••••• 
/ 
/.... 
d.er •• ,nt, t. 
eo"nt.r 
••••• 
/ 
/.... 
d.cr •• tnt. 
r. e01l1lttr 
••••• 
/ 
/.... 
...../ 
t •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
/ 


.t_b 
• 
inp 
(bp".)}; 
if 
Ch_ti.'_Ult 
)0) 
h_t 
t.t_ent 
.h_t 
t.,_ent 
- 
1; 
if 
Cu_ti.,_eftt 
)0) 
rl_t 
ia,_cnt 
.rl_t 
ta._c.at 
- 
1; 
c.ad_1:! • 
OIU; 
01ltp ( 
(I:Ip •.• 3) .c.acCb 
); 


oatp 
«bp •.• 7) ,0.01); 
bre.k; 


/. 
Duna.nt 
Iheti" 
Coanter 
., 


/. 
r,.t 
•.ft 
Haer 
./- 


I' 
a'_1Il1 
let 
./ 
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III 


AP-401 


PACE 
18 
!'lAIN PROCRA" 
ft p. ellS 
10 I"OD£" 


'14 
'15 . 
'16. 
917 
911. 
,a. 
'30. 
931. 


932. 
'33 . 
'34 
935. 
'H 
937. 
'31. 
939 
. 


940. 
941. 
'42 . 
943 
. 


944 
. 


14$ 
9U. 


947. 
'41. 
949. 
9S0. 
'$1. 
'$2- 
'$3 
"4. 
9$$ . 
'H 
957. 
HI.'" . 
960. 
"t. 
9U. 
Ul. 
'H. 
965.'" . 
967. 
'61. 
,,,. 
910. 
911. 


ca.t 
t •• 
ca.t 
tat 
, 
, 
/*... 
. 
, 
, •••• 
TRA.NS"ITTER 
SERVICE 
ROUTINE 
••••• 
, 
,.... 
....., 
/.... 
tran •• it. 
roar 
c)uract.rs 
••••• 
/ 


/.... 
and 
r 
•• t, 
tl_raq 
f1a9 
whan 
••••• 
, 
/.... 
whole 
pae.ket 
tr,nt.itt,d 
••••• 
/ 
,.... 
. 
/ 


/ 
/ 
'* 
If 
datA 
to 
•• nd 
., 


pkU 
/* 
requI.t 
to 
•• nd Pact,t 
*/ 


for 
t I 
.0 
j 
1<4 
;i++1 


( 
ta_char 
• 
tad. 
ta 
t t 
+ 
ta_in 
clI ]; 


outp 
(bpa,ta_char); 


tl_lnds 
._4, 
ta_byte_cnt 
._4; 


if 
na_ind. 
).1321 
tl_raq 
• 0; 


/* 
it 
131 ehu 
.•• 
nt 
then *' 
,. 
e e•• l T. requllt 
./ 


if 
(ta_uq 
•• c:t1_ehr) 
/* 
if 
ell 
char. 
hanlail.ion 
requelted 
, 
then 
tranlait 
the 
char. 
in 
eer_to_ta 
./ 
outp 
(bpa, 
eer_to_h) 
j 


h_req 
.0; 


J 
elle 


( 
/* 
If 
no 
data 
to 
tran.att 
*' 
/. 
then 
di.able 
la 
interrupts 
*/ 
.et_bank 
(00); 
outp 
«bpa+l), 
(inp(bpa) 
U.idb)}; 


.et_bank 
(01); 


J 
oatp 
«bp&+7}.o.OI); 


break; 


/. 
i.lue 
aanuII 
aetnowhd,. 
*/ 
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inter 
Ap·401 


PACE 
19 
"AIN 
PRoeRAII 
Itp.< 
IZSlO 
IIIODEII 


e ••• 
e e e 
, 
, 
,.... 
. 
, 
,.... 
Control 
Charact.r 
S.twic. 
Routin. 
• •••• 
, 
,.... 
....., 
,•• ** 
if 
control 
char. 
HAI 
or 
ACI{ 
••••• 
, 
/.... 
in'ors 
tralls.ttt.r 
••••• , 


/.... 
if 
SOH 
Of 
EOT 
••••• 
/ 
,.... 
intor. 
rtc,i"'t 
••••• , 
, 
/ 


.tt_bant 
(OO); 
oatp 
(Cbp 
•• U,(inp(bpa+1>& 
ccidb); 
.tt_bank 
(D1); 
I 
if 
(ra_,tat 
••• 
u_rdy) 
/* 
if 
nether·w.ltine 
for 


SOH 
and 
nad, 
to 
r es 
, 


th'n 
intot. 
rlcthtt 
of 


& 1'll1d ctl. 
c.har. 
*/ 


.+cc.rc.nt; 
flIt 
_inp 
(bp •• 
5); 


f1'1 -inp 
(bp •• l); 
e t Le -inp 
<bp.)-; 


if 
«fl,_ 
, 
hFFl 
•• 0141) 
( 


Iwi tch 
(ct 
le) 
( 
eI." 
NAK: 
ca,. lCI: 
If 
C,.t_c:.c:r_rq 


( 


'tt_ct.r_rq 
eer_to_,.t 


buat; 


ca •• 
SOH: 


u •• 
EOT: 
if 
t e t Le 
•• 
SOH) 
( 


dl_rld_U, 
•• eth.; 


rl_etl_ehf, 
••e t t e • 


bred:; 


I 
I 
01ltp 
«'PI+1» 
,0.01); 


'71. 
973. 
'74. 
'75. 
'H. 
'77. 
'71. 
'H. 
"0. 
'11. 
,n. 
'U. 
"4 
"5. 
'''. 
tl7.".. 
'" . 
"0. 
'U. 
'H. 
'U. 
'94 . 
"5.'" . 
"7.t". 
'" . 
1000. 
1001 . 
1101. 
1003 . 
1004. 
1005. 
1006 . 
1007. 
110•. 
lOot . 
1010. 
lOll 
. 
lOll. 
10\3 . 
1014. 
lOtS . 
IIU. 
1117. 
1011. 


IOU. 
1010. 
IOU. 
IIn. 
Ion. 
(124. 
1015. 
111' . 
1017 . 
br.at; 
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,. 
read 
RIT ,.,hter 
to .u.ie. 


RIK 
Interrapt 
., 


/. 
If 
no errOf. 
Ind 
e t t . 
cbar 
., 
/. 
then 
proc ••• 
control 
char .• 
/ 
,. 
and 
•• nd to 
la 
or 
fa 
.tat 
•• 
, 


Icth.) 
,. 
intor. 
trln 
•• t t t e e thlt 
ctl.· 
char. 
,ee.h.d 
., 
.inacth 
•• 


e e t t e , 


/. 
if 
SOH 
dllablt 
CCR 
Int .• 
, 


,. 
l"lIt 
.1"0&1 let .• / 
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• 


IOU. 
1043 
1044. 
1045. 
10H. 
1147. 
IOU. 
IOH. 
1050. 
1151. 
1051. 
1053. 
1054. 
1055 . 
IOU. 
1057. 
1051. 
1059 . 
10l0. 
1061 . 
1,6% . 
IOU. 
IU4. 
IOH. 
tU,. 
IOn. 
1D6I. 
1069 . 
1070. 
1071. 
1072 . 
1073 . 
1074. 
1075. 
1076. 
1071. 
107•. 
IOU. 
1010. 
1011 . 
1012. 
1013 . 
1014. 
1015. 


/. 
re.tt 
RI Tiaer 
to 
tndic.at. 


eha r . 
ee e e I •• d b.fort 
t I•• 
out 
*/ 


rafl.l 
• 
«inp 
( .p. +4) 
, 
0.70)/0.10); 


while 
( llfhI 
!a 0) 
"~It Ch.d: 
R. FlFO 1.,,.1 
and rtad 
data 
if 
FIrO 
not 
•• pt, 
*/ 


( . 


udata 
[rl_byte_cnt) 
• 
inp 
(bp.); 
++ [s_byte_ent; 
++ tlfcnt; 
-- nft.l; 
) 
outp 
(o.p&+7),o.OI); 


h.ak; 
ClIt •• It 


outp 
«b,&+7),0.0l); 


hut; 
) 
oatp 
«b,&+1) 
.9ina1); 


outp 
Ci,OO.I01); 


) 


1* 
1"0' 
•• nual 
.etnowhelv, 
*/ 


/* 
if 
in •• lid 
loarc. 
tbe" 
h •••• 
.anual 
acknowledge 
*' 


'* 
R.,tort 
Original 
Yah. 
of 
Bant 
riGhter 
to 
fetvrn 
the 
USlO 
to 
or1,i"ll 
lank 
"'. 


'* 
111.1 end of 
int. 
to 
1159*/ 


Stt_baRt 
(bant_Dua) 
iDt 
bank_nuai 


•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
J 
,.... 
PROCEDURE SET_BANK 
. 
•• ••• 
/ 
/.... 
.witche. 
11510 
u,hter 
b •.nk 
to 
**,."/ 
/.... ,i 
n •.1.111.. 
• •••• 
/ 
/ 
/ 


( 
int 
port; 
int 
bank_r.'_ 
•.•.l; 


bank_re,_"al 
.bank_nu. 
it 
0110,; 
port. 
,ir_addr 
+bpa; 


outp 
(port. 
bant_u9_ 
•.al) 
j 
~ 


/. 
output 
•.• la. 
to 
bank 
re,ithr 
.1 
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inter 
Ap·401 


PACE 
21 
MAIN 
PROCRAM 
ftp 
e 
12110 
IIIOOEM 


1016 
. 


1017. 
tall. 
10" 
. 


10'0. 
1091. 
1091. 
1093. 
10t4 
1095. 
ID" 
1097. 
t098 . 
1099 . 
1100. 
1101. 
1102 . 
1103. 
1104. 
1105. 


1t06. 
1107 
1101. 
1109, 
1110. 
1111. 
1112. 
1113 . 
1114. 
1115. 
1116 . 
1117 
1111. 
1t 19 
lUO. 
112 t . 
1111. 
1123. 


1124 
. 


1125. 
l1H. 
1117 . 
lUI. 
1119. 
1130. 
1131 . 
1132. 
1133 . 
1134 
1135. 


oetsrc: 
() 
, 
, 
'** 
nad 
eIR 
and 
returns 
the 
uI 
,.. 
Vet-tor 
•• , 
/.. 
../ 
tu 
Tt.er 
- 
OS 
Hu 
•• , 
,** 
T. ".chine 
- 04 Hu 
H' 
,.. 
eCI 
- 
03 N.. 
.., 
'** 
RI 
FIFO 
- 
01 
HII 
H' 
/** 
T. 
FIFO 
- 
01 
H.. 
.., 
,U 
tt, 
, 
, 


( 
Int 
e •Ire: 
j 


•• inp 
(bp& 
.1); 
s r e 
•.•. 
" 
hOE; 


1* 
rud 
CIR *' 
/* "ut 
out 
&11 
bits 
nc.apt 
for 
bits 
1.1 
and 3 */ 
s ee • Irell; 
r.turn(ue:); 
I 


proe 
••• 
_cad 
(I 


, 
••••••••••••••••••••••••••••••••••••••••••••• 
11 •••••••••• 
/ 
/*... 
..... , 
t •••• 
PROCESS 
COKH1ND 
••••• 
, 
,.... 
Proe ••••• 
U•• r 
e.o••• ad. 
••••• , 
,.... 
• Tran •• it 
••••• 
, 
,.... 
_ Reeei •.e 
••••• 
t 
,.... 
- Re.et 
11510 
••••• 
/ 


/.... 
0 
- 
quit 
••••• 
, 
,.... 
- Reinithliu 
IUtO 
••••• 
t 
,.... 
- s,ste •• 
onitor 
••••• 
/ 
,.... 
. 
, 
,.... 
. 
, 
, 
/ 


( 
int 
r : 


int 
ufI, 
_tal •• 
int 
nep 
; 


,eteh 
(); 
."'it eb 
(r) 
( 


ea.e 
'0' 
nf1g 
true; 
brtat 


1* 
nit 
*/ 
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• 


AP-401 


PACt 
21 


1136. 
1137. 
1131. 
1139. 
1140. 
1141 . 
114Z. 
1143. 
1144 
1145. 
I1H. 
1147. 
1141. 
1149 . 
11 SO. 
1151. 
11$1 
1153. 
1154 . 
1155 
1156. 


1257. 
1151 
1159. 
t t 60. 


1161 
1162 
1163 
1164. 
1165. 
1166 . 
1167 
ttU. 
1169 . 
1170. 
1171 
111% . 
1113. 


1174 
. 


1115. 
llH. 
1111. 
117 •. 
1179 
. 


1110. 
1111 . 
1111. 
1113. 


1184. 
1115 
11U. 
1117 
1111. 
lilt. 
1190. 
1191. 


HAIN 
PROCRAM 
ft p. e 
82:5 t 0 
11100£11 


e e •• 
I I' 


if 
(h_lhh 
/. 
Tun.ai 
t 
Co•• and 
onl, 
.ec.phd 
if 
idle 
., 


ctxs (); 
eLL 
<tt_rota_c); 


MV_CURS 
<tt_r,tl_c}; 


printf 
("file 
:"); 
/. 
eet 
fta•• 
of 
file 
to 
T•• 
/ 
IcaBt 
("..... 
et I_f i le_fta •• ) ; 


ell 
(tI_f. 
h_c) 
; 


open_wind 
(tl_f, 
tl_C, 
OIt ran •• i t tin;"); 


open_wind 
(tl_f, 
ta_c+14. 
h_f i It_ft ••• '; 


tl_cad 
• ac.U •• ; 
,. 
"cU •• hl 
(I&g to 
lignal 
Tuns.it 
idle 
stat. 
./ 


) 
.1.1 


( 


b •• 
p 
() 
j 


pr •• g 
t 
v t r an •• i.lion 
in 
progr 
•• ,"); 


) 
breat 
j 


ca •• 
'Z' 


CLKS 
(); 
eLL 
(rl_f,rl_c), 
"V_CURS (fI_t. 
ra_Co); 
print! 
("fil. 
:"); 
1* 
C.t 
rl 
file 
nI.a. 
*1 
,eanf 
("",", 
&rl_fil._"aa.); 
e t r 
(r._r,rl_c:); 


open_wind 
(rl_f,r._c.·.nabl.d"); 


op.n_wi nd 
(r I_f ,ri_e.. 
14, r I_f i I._naa.) 
; 


ri_cad 
.acti 
•• ; 
I' 
AcH •• t, 
flag 
to 
lignal 
r. 
state 
aaehin. 
'1 
break; 


ut510 
0; 
,. 
r •• et 
11510 
., 
open_wind 
(14.30,·d 
•• t ee 
r ••• 
t ••); 


brut; 


"r ' 


[lt51O 
(); 


init 
(); 
,. 
reinitialiu 
11510 
*1. 


.nbint4 
(); 


beep 
(). 


pra'9 
(. 
11510 
reinitialiud"); 


break; 
ca •• 
'I' 
e.cp 
•• 
,.t.a 
(-d:\aicoa"); 


default 
: 


8E£P 0; 
pr.'Q 
t 
v t ne er r ee t 
e.oa.and. 
r.ent.rlt); 


break; 


) 
if 
<ufl9 
•• 
tru.) 
,. 
if 
uit 
ee•• and 
ilsu.d, 


then 
quit 
pro9ra. 
*1 
return 
(trUt); 


.1s. 
r e t e r a 
(fal •• ); 


1* 
.nd 
at 
co_and 
p r ce•• s in9 *' 
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inter 
AP-401 


PAct 
23 
IUIK 
PROCRAK 
ftp. 
e 
12 S I 0 
IKODt" 


1191. 
".'pkt 
(,It._,ent 
,fp) 
11'3. 
, ••••••.••••••••••••••••••••••••••••••••••••••••••••••••••••• 
, 


11 9 •. 
IUS. 
11" . 
11t7. 
lUI. 
inl 
11f' 
. 
1100. 
FILt 
\lOt. 
( 
1101. 
int 
UOl. 
int 
12041. 
int 
1105. 
char 
1106. 
1207. 
1101 . 
110' . 
1110 
1211. 
1112. 
1113 . 
1114 
1215. 
1116 
1117. 
1111. 
Ill' . 
IUO. 
1121 
1212. 
1113 
1114 
IllS. 
1110. 
t227. 
IUI. 
1129 . 
1130. 
1131. 
1131. 
1133. 
1134 . 
11n·, 
) 
I1U. 
1137. 
1U'. 
c.pyZbuf 
() 
123'. 
/ •••••••••••••••••••••••••••••• 
/ 
1240. 
, •• 
cop, 
pactet 
to 
la 
buffer 
**1 
1141. 
/ •••••••••••••••••••••••••••••• 
, 
1141. 
( 
1143. 
1nt 
i i 
U4 •. 
lies. 
11" 
1141. 
1141. 
1249 . 
IIS0. 
liS\. 


,.. 
Ru,h 
filt 
to 
b. 
tran.attted 
and potl 
**/ 
'** 
'th. 
data 
into 
the 
proper 
•• od •• 
pactet 
fora.t 
**' 
, 
, 


/* 
thit 
uhl. 
11 u•• d to 
,*t 
the nut 
ptt 
• I' 


.u•• 
0; 
Lblkcnt; 
s t , ft; 
cptt. 
cptc..p; 


bltent 
.tr.ad 
(lhp.ct 
lIufhtCO)'ll1.t. 
ip), 
if 
(blkcnt 
(1) 


( 


,. 
read 
UI 
b,t ••• 
/ 


if 
«It.hof(fp)) 
)0 
" 
Hft-hrror(fp))) 


( 
eof 
a true; 
J. 
if 
end of 
fll. 
then 
,l,nal 
EOr 
., 


b •• 
p 
(); 
pra" 
("EOr 
!""!!I!!I 
H); 
.1,. 
if 
(ft 
)0) 


( 
b.ep 
(); 
pra" 
("READ 
ERROR 
la_' 
ta te.t 
I_I d le; 
I 


!!!!!!!I!I!!"); 


epU 
.ptt._,ent 
+1; 


hpaet. 
paet_nua 
a eptt; 


epteap 
."hpaet.paet_hua; 


hpad:.paet_eapl 
a epteap; 
,. 
o.e', 
coapleaent 
of 
pad:et 
nuaber 
./ 
for 
(hO; 
1 <UI; 
i+.) 
lua 
• 
,ua.tapaek 
.buff.r 
(i l; 


t.pact.eht,a 
a laa" 
155; 
,. 
eheet.a. 
ealcalat.d 
./ 


hd&t& 
[0] 
ahp&et 
.h.ad; 
hd_h 
[1] .hp&et.pact_nu.; 
hd&t&C2] 
ahp&c.t.p&et_capl; 
for 
{l.a; 
i 
(t2l; 
1+.) 
hd&h 
[1+3] 
a hpaet.bufhr 
t.dah 
[131] 
ahpac.t.eht 
•• ; 
I 


[j I; 
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• 


intJ 
AP-401 


PACE 
24 


U51 
U53. 
U54. 
1255. 
1156 . 
1157. 
1158 
1159 
1160. 
1161. 
1161. 
1163. 
1'1'4. 
1165. 
1166. 
1267. 
1168. 
lU9. 
1170. 
1171. 
1171. 
1173. 
1214 . 
1175. 
1176 
1177. 
U?I . 
11" 
1110. 
11111. 
1111 . 
1213 
Ill' 
. 


lU5. 
1186 . 
1117. 
1111. 
lU9. 
1190. 
1191. 
1191 
1193. 
1194. 
1195. 
1196. 
1197 
1198. 


ehu:k_wait 
C) 


, 
••••••••••••••••••••• 
11I 
•••••••••••••••••••••••••••••••••• 
/ 


/ •••• 
PROCEUORE 
CHECI_WAIT 
••••• 
/ 
,.... 
...../ 
/.... 
ehects 
T. 
Tiaer, 
c.c.r_to_,et 
and 
t •••• 
/ 
/.... 
9.t_c.er_raq 
"nd 
r e t ue ns : 
••••• 
, 
/.... 
...../ 
/.... 
Tt •• 
Out 
- 
T. 
Tt •• r 
• 
0 
.utill 
/.... 
u_ACK 
- 
Act 
r,cltted 
••••• 
, 
,.... 
ra_HAI 
- 
Hat 
rlc.thld 
•••• *' 
/.... 
",.iUn, 
- t. Tt.er 
not 
•• pired 
••••• 
/ 
/.... 
...../ 


/.... 
• •••• 
I 


/ 
/ 


/* 
if 
t. Tt •• r 
•• pired 
aftd 
still 
.aitina 
for 
c.ontrol 
char,than 
Tt •• 
oat *, 


231928-61 


,11, 


if 
('It_c.c.r_rq 
•• 
inaeti.') 
/* 
Ct I-Chu 
rC'fd 
then 
return 
statuI.' 


{ 
svitch 
(ecr_to_;eU 


{ 
e e •• 
ACI 
return 
Cra_ACIt)i 
break; 


ClS. 
NAI 
re tarn 
(ra_HAIU; 


default: 


,. 
corrupted 
et! 
char 
al 
return 
(ra_;en); 
break; 
I 
) 
e t s e 
if 
«ta_ti.a_cnt 
)0) 
U 
(;et_cer_rq 
•• act ha}) 
return 
(v.IUn;); 
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AP-401 


PACE IS 


12" . 
1300. 
1301 
1301. 
1303 
1304. 
130S. 
1306 
1307 
1301. 
130' . 
131 O. 
1311. 
1311. 
1313 
1314. 
i a i s . 
1316. 
1317. 
1311. 
13 If . 
1310. 
1311. 
131l. 
1323. 
1324. 


t 315. 
1326 . 
1317. 
1321. 
1329 . 
1330 
Illl 
1332. 
1333. 
1334. 
i s as . 
qU. 
1337. 
IUI. 
1339 . 
1340. 
1341. 
1342. 
1343 . 
1344. 
134S 
1346 . 
1347. 
1341. 
134t. 
13S0. 
I3SI. 
135l. 
1353 
13H. 
1355. 
I3S' 
. 


1357. 


IIAIN PROCRAII 
fI p. c 
a 2S! 0 IIlODElI 


abort_h 
() 
, 
_ 
/ 
,.... 
. 
/ 
,.... 
Abort 
trlft 
•• Les Len, 
I.intialit. 
• •••• 
/ 
,.... 
Tt.,u.jUlr 
••••• , 
/.... 
F119' 
••••• 
, 
,.... 
·····1 
, 
, 


lof 
_fa I•• ; 


tarflg 
•• 
1:p1:t. 
quit 
.fal 
•• ; 


te, 
• 0; 
ta_I t •.t •• 
t x_i die; 
ta_cad 
I: 
inacti 
•.• ; 
..nd_ccr_rlq 
• 
inacth.; 
t._ind 
•• 
0; 


t._rlq 
_iD.etl 
•• ; 


c.cr_to_h 
• 
O. 


h_IIyh_cnt 
.0; 


pttl_'.nt 
.0; 
h_U ••_cnt 
.0; 


•• t_cc:.r_rq 
.0; 
c:c.r_to_9It 
.0; 
..t_bant 
(00); 


outp 
«bpuU 
,0.27); 


ut_bank 
(00l); 
ootp( (bpa.'). 
0.00) i 
h_.tate 
.ta_idle; 
pr.'9 
("tran 
•• itter 
re'et"); 


wait_ra 
(I 


/ 
/ 
/.... 
. 
/ 
,.... 
ViIT_RI: 
••••• 
, 
/.... 
c.hec.t. 
rl 
tt.er, 
and return. 
the 
••••• 
/ 
,.... 
follo"'in9·alue 
••••• 
/ 
,.... 
SOH 
- 
SOH 
r e e e I •• d 
••••• 
/ 


/.... 
EOT 
- 
EOT 
reee!.ad 
••••• 
/ 
,.... 
tl.a 
out 
- 
rl 
ti •• r alpired 
••••• 
t 
,.... 
",.tUn9 
- ",aHin9 
for 
ayeut 
••••• 
, 
/.... 
. 
/ 


/ 
, 


J. 


if 
«etl_rld_fI9 
•• 
aetha) 
" 
(rI_ti.e_c.nt 
!.o» 


( 
c.tl_rld_fI9·inac.thai 
returu 
( rI_c.tl_c.tl.r) 
i 
I 
all, 
If 
( rI_tt.e_c.nt 
•• 
0) 
r et ar a 
(t i.,_out); 


alu 
r e t ar n (vaitin9); 
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• 


intJ 
AP-401 


PACE l& 
"AIN 
PROCRA" 
ftp.c 
UHO 
1"00£" 


t 3$11. c.htptt 
(pino.) 
1359. 
, ••••••••••••••••••••••••••••••••••••••••••••• 
, 
1360 
,.. 
urifi 
•• 
tb. 
checha. 
Ind 
pac:ktt 
H' 
1361. 
/.. 
nuabu 
of 
the 
teeth,d 
p.c.tet 
u, 
13n 
,.. 
utat 
•••. 
st.tu 
code 
•• , 
1163 
/.. 
.., 
13&4 
,.. 
EOK 
'.ck.t 
Ok 
•• , 
IUS 
'** 
EPJCNUK - 
Error 
in 
p&c:ht 
nosber 
**' 
11". 
,.. 
ECHJCSUK 
- 
Error 
in 
Chick 
SQS 
•• 
, 
1361'** 
£PIC"PL 
- 
Euo 
in 
packet 
eoapl •• ,nt 
•• , 
1361. 
,.. 
**' 
13". 
, ••••••••••••••••••••••••••••••••••••••••••••• 
/ 
1370. 
int 
ptnll.; 
1371. 
( 
U?Z. 
tnt 
i; 
1373. 
lnt 
et.; 


1374. 
1nl 
lua 
.0; 


1375. 
chfor 
c..pl, 
rac.pI. 
cpt. 
chrct.; 


131£ 
1377. 
1311. 
c:pt .pin •• i 
1319. 
jf 
(c:pt 
•• radat&[Dl) 
/* 
pact,t 
nuab't 
correct 
*' 
1310. 
( 
1311. 
capl 
• 
radata 
[0]; 
1311. 
rac.pl 
_n:dat& 
(1]; 
13.3 
if 
(ncapl 
•• 
"capl 
) 
/* 
packet 
nasber 
co.plal 
*' 
1314. 
( 
1315. 
for 
<t.l; 
i<130; 
tu) 
13.' 
lua • saa 
+rldata 
[1] j 
1317. 
eta 
a- 
saa" 
255; 


1'311. 
ehrc.ta 
• c.ta; 
1319. 
pt_chba 
.ehreta; 
1390. 
if 
<c.hrets 
•• 
udata 
(130]) 
/* 
eh.chaa 
ee t r ee t 
-/ 
1391. 
utarn 
(.ot); 


1391. 
11•• 
1393. 
utarn 
<.c.htss); 
1394 . 
1395. 
} 
13". 
.1•• 
13'7. 
utarn 
(Ipkc.sp); 
13,. 
. 


139'. 
.1•• 
1400. 
( 
1401. 
if 
«ud.ta 
[0] 
•• 
c.pt 
-1) 
U 
(ept 
)1) 
f* 
old 
pac.tet 
nuaber 
1401. 
uc:ehed 
* / 
1403. 
return 
(eold); 


1404. 
.1•• 
1405. 
r.tarn 
('pinas); 
140&. 
1407. 
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intJ 
AP·401 


PACE !7 
"AIN 
PROCRA" 
ftp.< 
IISlO 
I"OOE" 
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1401. 
1409. 
1410. 
1411. 
1411. 
1413. 


1414 
. 


141 
S. 


1414. 
1411 
1411. 
t419 
14!0. 
1411. 
1411. 
1413. 


1424 
. 


1415. 


142& 
. 


1417. 
1411. 
tU, 
1430. 
1431. 
1431. 
1433 
1434. 
1435 
1436. 
1437. 
tU8. 
1439 . 
1440 . 
1441. 
1441 
1443 . 
1444. 
1445 
1446. 
1447 . 
1441. 
1449 . 


1450 
. 


1451. 
145! . 
1453 . 
1454. 
ttsS 
. 


145' . 
1457 . 
1451. 
1459 . 
1460. 
1461. 
146! . 
IU3 
1464. 
1465. 


/ 
, 


/t •• t 
tI 
i tits 
PROCEDURE 
••••• 
/ 
/.... 
Disabl 
•• 
ta. 
and 
Ta 
FIFO 
interrupti 
••••• 
, 
,.... 
fro. 
etR 
reCJhttr 
••••• 
, 
, 
, 
h_.i_dis 
C) 


( 
•• kintt 
() 
j 


.et_bank 
(00) 
j 
oatp 
«bp •• I),(inp(bpul) 
, 
hUb»; 


•• t_bank 
(01); 
enbht4 
() j 


'* 
disabl, 
interrupti 
If 
/* 
twitc.h 
to 
bant 
IUO 
I' 
/* 
••• t 
out 
hterrupts 
in 
eER 
- 
T.K 
and 
T. 
rIFO 
*/ 
'* 
ut 
bant 
Oftt *' 
/* 
enable 
interrupts 
*' 


) / 
/ 
,.... 
h_i_enb 
PROCEDURE 
••••• 
/ 
/.... 
.nabl 
•• 
the 
TJK 
and 
Tt 
FIFO 
Interrupt. 
•• ••• / 
/.... 
fro. 
CER r'aister 
••••• 
, 
, •••••••••••••••••••••••••••••••••••••••••••• 
1••••••••••••• 
/ 


t._i_.nb 
() 
( 
•• Unt 
4 () i 


s.t_bank 
(00), 
outp 
«bpa+l),<inp(bpa+'l) 
'It_bank 
<011; 


Inbint4 
t r : 


hien» 
; 


/. 
diu.ble 
interrupts 
./ 
f •• 
",itch 
to 
bant 
e e r e 
.f 
f. 
Inable 
TIJ1 AND TI 
FIFO 
./ 
/. 
r.hlrn 
to 
bank 
on •• 
, 
, •• 
naU. 
lIlhrropts 
./ 


sh_pk t_par 
aa 
() 
, 
, 
/ •• 
Dhplay. 
th. 
pana.tu 
of 
tt'e 
R.ctiud 
•• / 
/ •• 
packet 
no.ber, 
and 
the 
•• pect.d 
para.eteu 
tal 
/ 
/ 


( 
•• 
bad_pkt_cnt; 
pr •• a 
( •••• adtaa 
MAl·); 


prtntf 
(. 
error. 
"Su".pt.t), 
•• _cur. 
(13.1); 
print! 
( •••• ptd 
ptt 
•••• 
3u",up_pkt_nu.); 
•• _cur. 
(14,t); 
printf 
(·r.d 
ptt 
, 
5 "3u·, 
r.dataCO), 
•• _carl 
(13.40), 
prifttf 
( •••• pd 
ptt 
c.pl 
• "'X", 
(-udataCO]»); 


•• _curs 
(14.401, 
printf 
("ud 
ptt 
co.ple 
•• nt 
• "'I", 
radata[l]); 
•• _curs 
(1$, 
t I; 
print' 
("ud 
ehhu 
•• 
"'1·, nd&t&C130]1; 
.,,_cau 
(1$,401; 


pr iftt 
f 
( •••• pd 
chhu 
••• "'J". pt_chtsa); 
I.nd_ccr_req 
.act i"., 
cu_to_h 
• MAl; 
} 
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• 


1111 
1413. 
1414. 


_11, 
pr.,,, 
("fUt 
too 
bi". 
cannot 
11.'t" 
in ••• or,"); 
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inter 
AP·401 


PACE 
DtFINIT;ON 
F!L£ 
ftp.d.t 
125101"OD£" 


1. 


2 
3. 
4 
5. 
s , 
7. 
8. 


9 
10. 
11. 
12. 
13. 
14. 
15. 
16 
17. 
18. 
19. 
20. 
21. 


22. 
23. 
14 . 
25. 
H 
27. 
28. 
29. 
30. 
31 
32 
33. 
34. 
35 
U. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
H. 


47. 
41. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
st. 
'0. 


Id.fin. 
st 
"81510 
FTP .000 
6130186" 


Id.fin. 
bpJ. 
0a3f8 
'de{ in. 
9ir_ldcSr 
02 
Id.t in. 
uet 
11 


Id,l 
in. 
b.1 
07 
Id.t 
in •• 
'9;-C 17 


/' 
I i 9ft 
on 
IUSI&gl 
'/ 
/' 
Base 
addr ••• 
'/ 


/' 
t.cap. 
char . 
in 
hoa 
'/ 


/' 
coordinat 
•• 
01 
the 
••• Iag' 
lin • 
'/ 


/' 


coordinat 
•• 


Id,t int a'9_I 
2 
'defin. 
h_c 
35 


Id,fin' 
h -r 
10 
'hfln. 
r e-e 
35 
'd.fin. 
u_ r 
12 
'define 
IO_C 
50 
tdef ill' 
10- r 
14 
'd,f in. 
hI •• 
0 
tdefin. 
t rut 
1 
IcS.fin. 
aet i •• 
1 
Id.t 1n. 
inacti 
•• 
0 
Id,fin. 
e t I_chr 
2 
.defin. 
pt! 
1 
ldel 
in. 
.ok 
5555 
Id,t in. .ent.a 5$00 
'de( in. 
.pte.p 
5501 
Ide( in. 
.old 
5502 
.d.fin. 
.ptnua 
5503 


'/ 
' 


/* 
control 
chu 
tran •• it 
*/ 
/* 
•• nd 
pae.t.t 
., 
'* pact.t 
r'e.h.d 
ok ., 
/* 
ch.ct.u 
•• 
rror *' 
'* 
pack.t 
coapI 
incorrect 
., 


1* old 
pact 
nu. rec.i'ud 
*/ 
/* 
in".lid 
pacht 
• 
rc.""4. *, 


/ ••••••••••••••••••• 
* •••••• 
, 


, ••• 
h 
stale 
ddtntions"" 
, 
, 


Iddine 
tl_idle 
000 


Idefine 
wait_NAK 
001 
Idd 
t ne TO_ur_60 
001 
Id.fine 
h_rd, 
003 
Id.t 
ine 
h_pactet 
004 
Id.tine 
wait_tC 
OOS 
Id.t 
ine 
h_pk_coap 
006 
Id.t 
Ine 
to_err 
007 
Id.f 
ine 
t •• n 
0.01 
Id.t 
ine 
atptt 
111 
Ide'ine 
taato 
111 
Idefine 
uti 
113 
Idefine 
waitlftO 
114 
, 
/ 
III 
n 
state 
definition 
"I 
/ 
/ 


fd.tine 
u_idle 
000 
Id.t 
in. 
rl_rd, 
aOl 
Id.f 
ine 
u_ptt 
001 


I························.., 
Id.t!ne 
t ia. 
out 
90 
Id.f 
ine 
ri_NU: 
91 
Id.t 
ine 
fl_AtK 
'2 
Idel 
iDe 
r I_oen 
93 


'* 
fl 
state 
ligftal 
.•• lues 
*1 
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• 


inter 
AP-401 


PACE 
DEFINITION 
FILE 
ftp.d.t 
825101"OD£" 


61. 
U. 
'3,.. 
'5. 
"". 
U. 
U . 
10. 
11. 
12. 
13. 
74. 
15. 
H." 
11.". 
10. 
11. 
U. 
13.I. 
IS. 
"". 
11. 
It. 
'0. 
'1 
92. 
'3. 
94. 
'5. 
H. 
" 


/ 
, 
/.. 
' 
'rotoc:ol 
Control 
•••• 
' 


,.. 
chAraeter. 
• ••• 
, 
, ••••••••••••• 
t ••••••••••••••••• 
J 


'det in. 
MAK 
0.14 
• def i•• 
lCI 
0&0' 
Ihf 
in. 
SOH 
0.01 
Ichfine 
EOT 
0.04 
tdefin. 
CAN 
0.18 
'd.t 
in. 
NUL 
0.00 


/. 
N.oath. 
Act ./ 
,. 
Positt 
•• 
let ./ 
J. 
Start 
of 
Me,,'er 
./ 


/. 
End 
of 
T •• 
t 
./ 


, 
/ 
,.. 
interrupt 
.ouree 
•••• 
/ 


J •••••••••• 
t •••••••••••••••••••• 
I 
'd. fin. 
t ieer 
OS 
'der in. 
I •• 
O' 
.,et 
ine 
e c r 
03 
'det h. 
ral 
01 
Idef in. 
tal 
01 
.,ef in. t. i en 
0.12 
Idel in. 
tI id' 
OllD 
'det 
ill. 
e e r ee 
0.04 
I,et 
in. 
eei" 
0.33 
.d.t in. 
bIt.nll 
0.15 


1* 
11$10 
int 
..•.• 
e t e e e 
., 


1* 
unauk 
T," 
and T. 
FIFO *' 
J. aut 
TI" 
and 
T. 
FIFO 
*/ 
/. 
enable 
eCR 
interrupt 
•• 
/ 
'* aut 
eeR 
int 
./ 
'* enabh. 
blod 
interrupts 
throuGh 
CEI for 
11510 
., 
, 
, 
,.. 
125'1 
9.1u ••••••••••• 
/ 


J ••••••••••••••••••••••••••••• 
J 


tdd 
ne 
e e I 
0.20 
tdd 
ne 
ipOO 
0.%0 
Idd 
ne 
ipOl 
0.21 


,. 
end 
of 
interrupt 
., 
J. Ilstl 
port 
0 ./ 
/* 
1259.\ port 
1 *, 
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AP-401 


CRT 
110 
ROUTINES 
c I c 
c 
azSl0 
IPfODEK 
PACE 


1 
linclude 
"ftp.de(" 


2 


3 
CLR<) 


4. 
/ ••••••••••••••••••••••••• 
t •••••••••••••••••••••••••••••• 
, 
S. 
/.... 
• •••• 
/ 


6 ,fit.. 
PROCEDURE 
CLR. 
•• 
••• 
, 
7 
/.,.- 
••••• 
/ 


8. 
/.... 
c l e a r s 
s c r •• n 
••••• 
, 
,. ,.... 
...../ 
10. 
,.... 
• •••• 
, 
tl. 
,.... 
••••• , 


12. 
/ •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
, 


13. 
14. 
( 


15. 
int 
•• eeb r 
z es e I , 
U. 
17 
patch 
t e s e ehr 
r : 
18. 
printf 
("DJ"); 


19. 


20 
21 
22 


13 
VOFF 
() 
14. 
f ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
I 


15 
, ••• 
* 
••••• 
, 
16. 
,.... 
PROCEDURE 
VOFr 
••••• 
/ 
17 
,.... 
• •••• 
J 
18. 
,.... 
Turns 
R•• use 
Video 
orr 
••••• 
, 


19 
/* ••• 
• •••• 
t 


30. 
,.... 
• •••• 
, 


31. 
/.... 
• •••• 
, 


31. 
, •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
/ 


33 
34. 
( 
3' 
int 
•• ct:hr 
z 
es e t : 


H. 
37. 
patch 
( •• e eh r r : 


38. 
printf 
("(Oa"); 


39. 
40 
" 
42. 
43 
RVON 
() 


44. 
, •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
, 


45 
,.... 
• •••• 
, 


46 
,.... 
PROCEDURE 
RVON 
••••• 
, 
47 
,.... 
• •••• 
, 


48. 
,.... 
R ••• 
rs. 
Video 
ON 
••••• 
, 
49. 
,.... 
• •••• 
, 


50. 
,.... 
• •••• 
, 
'1 
,.... 
•••••, 


'1. ,•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
, 


'3. 
54. 
( 


'5. 
int 
•• e eb r 
••• 
e r i 
... 


57. 
patch 
(ucchr)i 


sa 
pr int 
f 
( ••[7."); 


59 . 
• 0 
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inter 
AP-401 


PACE 
e r e .« 
12510lKODEt'I 
eRT 
1/0 
ROUTINES 


61. 
OPEN_WIND 
(row,eol,st;) 
U. 
1nt 
row; 


'3. 
int 
col; 
U. 
c:Ju,r 
It;[]j 
65. 
/ •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
/ 
'6. 
,.... 
..*.*/ 
". J.... 
PROCEDURE 
OPEN_VINO 
••••• 
/ 
6'. 
/.... 
• •••• / 
't. ,.... 
prints 
& 
string 
in 
re,er 
•• 
.,idlo 
••••• 
, 
70. 
,.... 
at 
the 
ghln 
location 
••••• 
, 
11. 
/.... 
• •••• 
, 
72 
,.... 
• •••• 
, 
73. 
/ ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
'.1, 


74. 
7S. 
76. 
77. 
"V_CURS (row, 
col); 


11. 
RVON 
() 
i 
79. 
printf 
("".",st;); 
10 
VOrF()j 
11 
12. 
I 


13. 
BEEP 
() 
I •. 
/ •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
/ 
'5. ,.... 
••••1, 


". 
,.... 
PROCEDURE 
BtEP 
••••• 
, 
,7 
,.... 
••••• / 
la. 
,.... 
product 
•• 
b•• p 
••••• 
/ 
af 
,.... 
• •••• 
/ 
'0. 
/.... 
••••• J 
91 
/.... 
• •••• 
/ 
'1. ,•••••••••••••••••••••••••••••••••••••••••••••••••••••••• / 
93.,.. 
( 
t5. 
int 
belchr 
• 
bel; 
,.. 
'7. 
patch 
(belchr); 
91". 
100. 
101. 
CLLCrow.col) 
101. 
int 
row; 
103. 
int 
col; 
104. 
, •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
/ 


105. 
/.... 
• •••• 
, 


106. 
,.... 
PROCEDURE 
~Lt 
••••• 
, 
107. 
,.... 
•• ••• 
, 
loa 
/.... 
clear 
line 
at 
~i"f'en 
coordinate 
••••• 
/ 
10'. 
/.... 
• •••• 
, 
110. 
,.... 
• •••• 
/ 
111. 
,.... 
•• ••• , 
Ill. 
, •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
, 
113 
114. 
( 
115. 
lnt 
•• eeb r 
., e.cii 


114. 
KV_CURS 
(rov. 
col); 
117. 
patch 
t e e eehr r : 
111. 
printf 
("[It"); 
119 . 
120. 
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AP-401 


PACE 
CRT 
1/0 
ROUTINES 
e I e.« 
11510lHODEtt 
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I U. 
111. 
111. 
114. 
115. 
116. 
117. 
111. 
119. 
130. 
131. 
132 . 
131. 
134 . 
135 
136 . 
137. 
131. 
13' . 
140. 
141. 
141. 
143 . 


144 
. 


145. 
tU. 
H7. 
141. 
14' . 
150. 
151. 
151. 
153. 
154. 
155. 
156. 
157. 
151. 
159 . 
"0. 
161. 
"I. 
163 . 
"4. 
US. 
1" . 
167 
161. 
1". 
110. 
171. 
171. 
173. 
174. 
175. 
176. 
177. 
17•. 
17' . 


CL"!t) 
/ 
/ 


/.... 
• •••• 
J 


,.... 
PROCEDURE 
CLMS 
••••• 
, 


,.... 
• 
•••• 
J 
,.... 
cl •• r .""Q' 
lint 
••••• 
/ 


/.... 
• •••• 
f 


/.... 
• 
•••• 
J 
,*.*. 
•••••/ 
/ 
, 


pr•• , 
<a'9) 
char 
.,, 
[l; 
/••••••••••••••••••••••••••••••••••••••••••••••••••••••*., 
/.... 
...../ 
,.... 
PRINTS 
"ESIAe£ 
AT "ESSACE 
tIME 
••••• 
/ 
/.... 
. 
/ 
/.... 
. 
, 
,.... 
.*••• t 
/.... 
. 
/ 
/.... 
. 
, 
, 
/ 


ela. 
(); 
printf 
(oo 
" 
••••• 
'0); 


CLLC 
t) 


( 
int 
.,eehr 
• 
tiel; 
patch 
( •• eehr); 
pr intf 
( ••Clt •• ); 


!tV_CURS 
( •• 
,) 
/ 
, 
,.... 
• •••• 
t 


/.... 
PROCEDURE 
MV_CURS 
••••• 
, 
/.... 
....., 


,.... 
so ••• 
eae s e r 
to 
.p.eitied 
••••• 
/ 
,.... 
location. 
• •••• 
, 
/.... 
• •••• 
t 


/ 
, 


lftt 
a; 
int ,; 
t 
int 
•• e eb r ...et; 


putch 
< •• 
ech.r); 
cpri1l.tf 
(·[IIu;IIuM· 
••• y>; 
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• 


inter 
A.P-401 


1 
1 
3 
4 
s ., 
1 
a 
• 
10. 
11. 


1Z 
13 
14 
1 S 


16. 
11. 
11 


19 
10. 
11. 
U 
13. 
14 
rs . 


Z6 
11. 
U 
19. 
30. 
31. 


31. 
33. 
34 
3S 
36. 
31. 
38. 
3' . 
40 
41. 
H 
43. 
44. 
4S.u. 
41. 


48 
49. 
SO 
SI 
U. 
S3 
5' 
5S 
56. 
S1. 
sa. 
59 
60. 


NAI1E 
f t pih 


ASH 
8& 
INTERRUPT 
1NIT, 
ihl 
&511 
82510 
IHODEtI 
PAGE 


DGROUP 
GROUP 
DATA 
DATA 
SEGHENT 
WORD PUBLIC 
'DATA' 
ASSUHE 
DS, DGROUP 
DATA 
ENDS 


EITRN 


PROG 
SEGHENT 
BYTE 
PUBLIC 
'PROG' 
ASSUHE 
CS ,_PROG 


PUBLIC 
PUBL I C 


init_ih 


pUlh 


push 


push 


pUlh 
.n 


pUlh 


pop.0..0. 
INT 


pop 


pop 


pop 


pop 
e e t 
hit_ih 


ih' 10 
push 


pUlh 
puh 


push 


push 
pu.h 


push 


push 


push.0..0. 


c.a I1 


pop 


pop 


pop 


pop 


pop 


pop 


pop 


pop 


pop 


t r e t 
ih510 


PRoe 
hI' 
BP 
DI 
AI 
DS 
ox. 
OFFSET 
ih510 
CS 
DS 


AH,15" 
At,OCH 
l1H 
DS 
AI 
DI 
BP 


DOS 
uctor 
ut1,lP 
e a t t 
CO"l 
uctor 
DOS ."tea 
call 


ENDP 


,ROC 
hr 
BP 
AI 
SI 
Cl 
DI 
SI 
DI 
DS 
ES 
AI, 
DGROUP 
OS, 
AI 
lu_SIO 
EO 
OS 
01 
SI 
01 
Cl 
BI 
AI 
BP 


ENDP 
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1.0 OVERVIEW 


AP-310 


The 
82510 Asynchronous 
Serial 
Controller 
is 
a 
CHMOS UART which provides high integration fea- 
tures to offioad the host CPU and to reduce the system 
cost. 


This Ap-Note presents a mechanism for reduction and 
optimization 
of interrupt 
handling during asynchro- 
nous communication using the 82510. The mechanism 
is valuable in applications where handling of interrupts 
degrades system performance i.e., when high baud rate 
is used, when multiple channels are handled or whenev- 
er real-time constraints exist. This implementation of 
the mechanism is a software driver that transmits or 
receives characters at 288000 bits per second. 


The driver is based on the burst algorithm which uses 
the 82510 features (FIFOs, Timers, Control Character 
Recognition etc.) to reduce CPU overhead. CPU is sig- 
nificantly off-loaded for other tasks - 
about 75% of 
the usual load is saved. 


The driver can be easily modified to run in conjunction 
with other 82510 features such as the MCS-51 9-bit 
Protocol. 


This document provides a full description of the driver. 
The burst algorithm is presented in Section 3, the soft- 
ware module flow-charts and their descriptions are pre- 
sented in Section 6, and the PL/M software listing is 
given in Appendix A. 


2.0 
INTRODUCTION 


2.1 CPU Load Consideration 


The trend towards multi-tasking 
systems, combined 
with higher baud rates and increasing the number of 
channels per CPU, has led to the need for decreasing 
the CPU bandwidth consumed by the async communi- 
cations for each byte transfer. Whenever the CPU is 
interrupted, a certain amount of CPU time is lost in 
implementing the context switch. This overhead can be 
as high as hundreds of microseconds per interrupt, de- 
pending on the specific operating system parameters. 
Thus, in high baud-rate or multi-channel environments, 
where the interrupt frequency is very high, a substantial 
portion of the CPU time is taken up by this interrupt 
overhead. Therefore, systems usually require minimiza- 
tion of the number of interrupt events. In the case of an 
asynchronous communication channel, reduction of the 


number of interrupts can be achieved by servicing (i.e., 
transferring to/from the buffer) as many characters as 
possible whenever the interrupt 
routine is activated. 


This can be done by utilizing FIFOs to hold received or 
transmitted characters, so that the CPU is interrupted 
only after a certain number of characters have been 
received or transmitted. 
Using a receive FIFO 
may 
cause a potential problem: Due to the random rate of 
character 
arrival 
in asynchronous 
communications, 


there is a chance that characters will be "trapped" 
in 
the Rx FIFO for extended periods of time. In order to 
avoid such situations, a Rx FIFO time-out mechanism 
can be implemented using the 82510 timer. The time- 
out indicates that a certain amount of time has elapsed 
since the last read operation was performed. It causes 
the CPU to check the Rx FIFO and read any charac- 
ters that are present. This process, however, introduces 
the additional overhead of the timerinterrupt. 
This Ap- 
Note describes the use of the burst algorithm to avoid 
the timer interrupt overhead while maintaining the use 
of the Rx FIFO. 


2.2 82510 Features Used In This 
Implementation 


The following new 82510 features were used in this im- 
plementation: 


2.2.1 FIFOs 


The 82510 is equipped with 2 four-byte FIFOs, one for 
reception and one for transmission. While characters 
are being received, a Rx FIFO interrupt is generated, 
when the Rx FIFO occupancy increases above a pro- 
grammable threshold. While characters are being trans- 
mitted, a Tx FIFO interrupt is generated, when the Tx 
FIFO occupancy drops below a programmable thresh- 
old. The two thresholds are software programmable, 
for maximum optimization to the system requirements. 


2.2.2 TIMER 


The 82510 is equipped with two on chip timers. Each 
timer can be used as a baud rate generator or as a gen- 
eral purpose timer. When two independent baud rates 
are required for transmit and receive, the two timers 
can be used to generate both baud rates internally. Oth- 
erwise, one timer can be used for external purposes. 
The timer is loaded with its initial value by a software 
command and it counts down using system clock puls- 
es. When it expires, a maskable interrupt is generated. 
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2.2.3 CONTROL 
CHARACTER 
RECOGNITION 
3.0 THE BURST ALGORITHM 


Depending on the application, the software usually 
checks the received characters to determine whether 
certain control characters have been received, in which 
case special processing is performed. This loads the 
CPU, as every received character should be compared 
to a list of control characters. With the 82510, the CPU 
is offioaded from this overhead. Every received charac- 
ter is checked by the 82510, and compared to either a 
standard set of control characters (ASCII or EBCDIC) 
or to special user defined control characters. The soft- 
ware does not need to check the received characters, 
and a special interrupt is provided when a received con- 
trol character is detected by the 82510. The specific 
operation mode (standard set, user defined, etc.) is pro- 
grammable. 


2.2.4 INTERRUPT 
CONTROLLING 
MECHANISM 


The twenty possible interrupt sources of the 82510 are 
grouped into six blocks: Timer, Tx machine, Rx ma- 
chine, Rx FIFO, 
Tx FIFO, 
or Modem. 
Interrupt 
source blocks are prioritized. The interrupt 
manage- 
ment is performed by the 82510 hardware. The CPU is 
interrupted by a single 82510 interrupt signal. The in- 
terrupt handler is reported on the highest priority pend- 
ing interrupt block (GIR) and on all the pending inter- 
rupt blocks (GSR), as well as on the specific interrupt 
source. Interrupts are maskable at the block level and 
source level. Interrupts can be automatically acknowl- 
edged (become not pending) when serviced by the soft- 
ware, or manually acknowledged by an explicit com- 
mand. 


3.1 
Background 


The 82510 FIFOs are used to reduce the CPU interrupt 
load. When a burst of characters 
is transmitted 
or 
received, the CPU is interrupted only once per trans- 
mission or reception of up to four characters. FIFO 
thresholds are programmable; thus, when high system 
interrupt latency is expected, an optimal threshold may 
be selected for the desired trade-otT between the CPU 
load, and the acceptable system interrupt latency. The 
required Rx FIFO threshold is also a function of the 
receive character rate. When the rate is high, a deep 
FIFO is required. When the rate is very low (e.g., hun- 
dreds of milliseconds between characters), a low thresh- 
old is needed, to reduce the maximum character service 
latency (a character is available to the application pro- 
gram only after it is stored in the receive butTer). 


The software mechanism described here tunes the Rx 
FIFO threshold dynamically when the incoming char- 
acter rate is variable. The algorithm uses one of the 
82510 on-chip timers for time measurement, in order to 
automatically adapt the threshold to the character re- 
ception rate. This is done without loading the CPU 
with the overhead of serving excessive interrupts gener- 
ated by the timer mechanism itself. 


3.2 
Burst Algorithm 
Description 


The 82510 timer is initialized to the time-out value with 
every Rx FIFO interrupt. 
The time-out value is the 
maximum acceptable time between a character's recep- 
tion and its storage in the receive butTer, but not less 
than five character-times. Upon reception of the next 
character, the timer status is examined to determine 
whether the character rate is high (the timer has not yet 
expired) or low (the timer has expired). 
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Figure 1. Burst Algorithm 
State Diagram 


The algorithm is best described as a finite state machine 
that can be in one of three modes: HUNTING 
mode, 
SINGLE 
mode, or BURST mode. In HUNTING 
mode, after the first character received interrupts the 
CPU, the mode switches to SINGLE. On receiving a 
character in SINGLE mode (that is the second charac- 
ter) the timer is examined; if the character rate is very 
low, the mode is switched back to HUNTING. 
Other- 
wise, the rate is high enough to switch to BURST 
mode. In BURST mode, the Rx FIFO threshold is 
maximal. The machine remains in BURST mode as 
long as a burst of characters is being received. When 
the rate of character reception becomes low, the timer 
eventually expires generating a timer interrupt which 
switches the mode back to HUNTING. 


Note that while a burst of characters is being received, 
the CPU is interrupted 
only once per four received 


characters. If the characters are received at a very low 
rate, an interrupt occurs for each received character. 
The CPU is interrupted by the timer only once, when 
the burst terminates. See Figure I for a state diagram. 


For more details about the burst algorithm see para- 
graph 6.2. 


4.0 SOFTWARE 
MODULE 
MAP 


The driver contains the following software modules: 
• MAIN 


• BURST ALGORITHM 
Burst Algorithm Initialization (*) 
Rx FIFO Step (*) 
HUNTING 
mode 
- 
SINGLE mode 
- 
BURST mode 


,- 
Timer Step (*) 
• INITIALIZATIONS 
- 
Wait for Modem Status 


• INTERRUPT 
HANDLER 
Rx FIFO Interrupt Service Routine 
Tx FIFO Interrupt Service Routine 
Status Interrupt Service Routine 
Timer Interrupt Service Routine 
- 
Modem Interrupt Service Routine 


(*) The burst algorithm modules are called by the ini- 
tialization module and by the interrupt handler mod-. 
ules. 
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INITIALlZATIONS 
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Figure 2. Modules 
Block Diagram 


5.0 
HARDWARE 
VEHICLE 
DESCRIPTION 
6.0 SOFTWARE 
MODULE 
DESCRIPTIONS 


The driver was tested at 288000 baud, on an 80186 
based system, with an 8 MHz local bus running with 2 
wait-states, and an 18.432 MHz 82510 clock. Two sta- 
tions were involved: one transmitter station and one 
receiver 
station. 
Each 
station 
consisted 
of 
an 


iSBC186/51 
with a 82510 based SBX board connected 


to it. See Appendix B for description of the SBX board. 


6.1 
MAIN 


The MAIN module is a simple example of an applica- 
tion program that uses the driver. 


The communication is done between two stations: One 
station is the transmitter and the other one is the re- 
ceiver. After interrupts are enabled, the program waits 
for the FinisLTx 
flag or the Finish_Rx 
flag (for the 


transmitter or receiver station, respectively) to be set. 
In the transmitter station, the driver is preloaded with 
the transmit data. In the receiver station, the received 
data is displayed after data reception is complete. 


This driver is, nonetheless, suitable for running in a 
large number of system environments. 
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Figure 3. MAIN 


6.2 The Burst Algorithm 
Modules 


6.2.1 INITIALIZE 
THE BURST 
ALGORITHM 


This module is called by the initialization module. 


The global variable Burst_algo is used to indicate the 
current burst algorithm mode. 


The burst algorithm is most useful at a baud rate of 
9600 or higher. At lower baud rates, where the Rx in- 
terrupt rate is very low, the burst algorithm is degener- 
ated (Low_baud 
is assigned to Burst_algo). 
At a 
baud rate of 9600 or more, the burst algorithm mecha- 
nism is initialized and starts by disabling the timer in- 
terrupt. 


BURSLalgo = Low Baud 


The initial state of the burst algorithm is HUNTING 
mode. In this mode, it is looking for (hunting) the first 
character. The Rx FIFO threshold is zero, thus the first 
character receivedinterrupts CPU. This interrupt starts 
the burst algorithm mechanism. 
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Figure 4. Initialize The Burst Algorithm 
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6.2.2 BURST 
ALGORITHM 
MECHANISM 


Modules HUNTING, 
SINGLE, BURST are called by 
Rx 
FIFO 
interrupt 
service 
routine. 
Module 
BURST&TIMER is called by timer interrupt service 
routine. 


6.2.2.2 SINGLE 
Mode 


6.2.2.1 HUNTING 
Mode 


When the second character is received, the burst algo- 
rithm 
is in SINGLE 
mode. Timer 
status 
is read 
(TMST). If the status indicates that the timer has ex- 
pired, the receive character rate is low and there is no 
need to increase the Rx FIFO threshold. The burst al- 
gorithm returns to its first state, i.e., HUNTING mode. 
However, if the timer has not expired, the receive char- 
acter rate is high, and the Rx FIFO threshold is set to 
the maximal allowable value. The timer is restarted and 
the timer interrupt is enabled so that, if it expires before 
the Rx FIFO exceeds the threshold, a timer interrupt 
will occur. 


Hunting for the first character received is the first step 
in the burst algorithm. After the first character is de- 
tected, received and handled, it must be determined if 
reception will be at high or low rate. This is done by 
starting the timer. HUNTING 
mode ends by assigning 


the second step, i.e.; SINGLE mode, to Burst_algo. 
SINGLE mode is ended by assigning the third step, 
BURST mode, to BURST_algo. 


BURST mode 


BURSLalgo = HUNTING 
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Figure 5. The Burst Algorithm 
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6.2.2.3 BURST 
Mode 


The algorithm enters BURST mode as soon as the re- 
ceive character rate is evaluated as high, i.e., when two 
successive characters are received without a timer expi- 
ration. The FIFO is now working at ful1threshold and 
the timer is used as a timeout watch dog. BURST mode 
is the most time-critical path of the algorithm. There- 
fore, it consumes a minimum amount of real time. 


The timer is restarted, in order to restart a new timeout 
measurement. The timer status is read to trigger auto- 
matic reset of the previous status; this is done to avoid 
the timer interrupt if the timer has expired during the 
Rx FIFO interrupt service routine execution. 


6.2.2.4 Timer 
Interrupt 
and Bust Algorithm 


If the character reception rate becomes low, then the 
time between two successive Rx FIFO interrupts in- 
creases. Hence, a reduction in the reception rate causes 
the timeout to expire, and a timer interrupt occurs. 
This drives the algorithm back to HUNTING 
mode. 
The timer interrupt 
is disabled and the Rx FIFO 
threshold is configured to zero, to issue an Rx interrupt 
on the first hunted character. 


292038-6 


Figure 6. Timer Interrupt 
and BURST Algorithm 


Table 1. BURST Algorithm 
Modes 


Mode 
FIFO 
Timer 
Timer-Interrupt 
Threshold 


Hunting 
0 
Idle 
Disabled 


Single 
0 
Started 
Disabled 


Burst 
Max. 
Restarted 
Enabled 


6.2.3 FLOWCHART 
DESCRIPTION 


The Rx FIFO interrupt handler executes the burst al- 
gorithm immediately after the Rx FIFO is emptied (to 


avoid an overrun error). The module was designed to 
minimize the CPU overhead inherent in the burst algo- 
rithm itself. 


BURST mode is assigned the fastest path because it is 
the most real time sensitive mode. 


SINGLE mode has a slightly longer path. However, 
under a high reception rate, the algorithm passes SIN- 
GLE mode once only and then stays in BURST mode 
until the end of the burst. Under a low reception rate 
the algorithm passes SINGLE mode many times, but, 
since the period between two successive Rx interrupts is 
long, this hardly affects system performance. 


6.3 Initializations 


This module initializes the driver. It is cal1ed at pro- 
gram start-up: 


The 82510 is configured for the specific operation mode 
by the CONFIG_8251O 
submodule: A Software Reset 
command is issued, and then the character configura- 
tion is selected. In the receiver station ACRO and 
ACRI 
Registers 
are loaded 
with 
the 
End-Of-File 
ASCII character, so that the Control Character Recog- 
nition feature of the 82510 can be used to detect the 
specific file terminator.' In the transmitter station, the 
ASCII 
characters 
XOFF 
and XON 
are loaded to 
ACRO and ACRI, respectively, to detect transmit-off/ 
on requests automatical1y. The use of the control char- 
acter recognition feature of the 82510 reduces system 
overhead, as the software does not need to check every 
received character. A special interrupt is received when 
the 82510 hardware detects a received control charac- 
ter. 


Interrupt sources are enabled (note that a Tx interrupt 
will occur immediately). BRGA is loaded to generate 
the required baud rate (288000 baud in this specific 
implementation). Rx FIFO depth is set to 4. The Tx 
and Rx FIFO thresholds are initialized to O.BRGB is 
selected to function as a timer, and is loaded with the 
timeout value (7 ms at 18.432 MHz, in this implemen- 
tation). The RxC and TxC sources are selected to be 
BRGA. 


The burst 
algorithm 
parameters 
are initialized 
by 


INIT_BURST. 
WAIT_FO~MODEM_STATUS 
is cal1edand implements a wait until the modem hand- 
shake DSR signal is set. If WAIT _FOR_MODEM_ 
STATUS returns with a timeout error, the modem er- 
ror is processed. If no error has occurred, the fol1owing 
parameters are initialized: Finish_Rx 
and Finish_Tx 


flags, receive and transmit buffer pointers, and the re- 
ceiver flag. Al1 status registers are cleared by issuing a 
STATUS CLEAR command to the ICM register. 
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Figure 7.lnitlalizatlons 
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Figure 8. 82510 Configurations 
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any communication starts (it indicates that the modem 
is active). The returned ModerILJIandshake 
flag indi- 
cates normal return 
(true) or timeout error 
return 
(false). 


This module waits, with a timeout, for the DSR modem 
handshake signal to be set. DSR should be active before 
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Figure 9. Wail-For _Model1L-Status 
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6.4 Interrupt Handler 
6.4.1 INTERRUPT 
HANDLER 
STRUCTURE 


The 
interrupt 
handler 
services only one interrupt 
source at a time. This prevents CPU resource starva- 
tion from other interrupt driven devices. Interrupts are 
enabled at the beginning of the interrupt handler, so 
that higher priority interrupt sources are not disabled 
by the 82510 interrupt handler. 


The interrupt· handler identifies the highest priority 
pending 82510 interrupt, by reading GIR. The inter- 
rupt handler was designed so that shorter paths are 
assigned to more real time sensitive interrupt sources. 
Rx FIFO interrupt is the most sensitive, Tx FIFO is 
the second most sensitive, and so on. 


The interrupt 
handler 
services the 82510 interrupt 
sources. Since this is a time-critical path, the code is 
optimized to minimize real time consumption. 


The programmable interrupt controller (8259A) is as- 
sumed to be configured to "edge triggering mode" and 
"non-automatic end of the interrupt" mode. 
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Figure 10. Interrupt 
Handler 
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6.4.2 Rx FIFO INTERRUPT 
SERVICE 
ROUTINE 
graph 6.2.2). Before leaving the Rx FIFO 
interrupt 
service routine, the FIFO 
occupancy register is re- 
checked, to empty the Rx FIFO of characters that may 
have been received during the Rx FIFO interrupt serv- 
ice routine itself. This can happen if the Rx FIFO inter- 
rupt service routine has been interrupted by a higher 
priority interrupt. 


The Rx FIFO interrupt service routine first empties the 
Rx FIFO. The receive data register (RXD) is read, as 
many times as indicated by the FIFO occupancy regis- 
ter (FLR), and the characters are stored in Rx_Buf. 


After emptying the Rx FIFO, the Rx FIFO interrupt 
service routine executes the burst algorithm (see para- 
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Figure 11. Rx FIFO Interrupt 
Service 
Routine 
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6.4.3 Tx FIFO INTERRUPT SERVICE ROUTINE 
6.4.4 STATUS INTERRUPT SERVICE ROUTINE 


The Tx FIFO interrupt service routine fills the Tx 
FIFO with transmit characters while checking for the 
End-Of-File terminator. According to the FIFO occu- 
pancy register (FLR), the Tx FIFO is loaded (by writ- 
ing to TXD) until it is full or until the End-Of-File 
character is detected. The transmitted characters are 
taken from TlL-Buf. If an End-Of-File character is 
identified, then the transmission is immediately ended 
by disabling all 82510 interrupts and setting the Fin- 
isLTx 
flag. 


The status interrupt serviceroutine has four objectives: 


To empty the Rx FIFO. 
To stop reception if an End-Of-File character is 
identified by the control character 
recognition 
mechanism (in the receiver station). 
- 
To disable or enable the Tx interrupt ifaXOFF 
or 
XON character, respectively, is identified by the 
control character recognition mechanism (in the 
transmitter station). 


- 
To handle parity, framing, or overrun errors (in the 
receiver station). 


(Txflfo full) 
No 


Figure 12. Tx FIFO Intr Service 
Routine 
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First- the Rx FIFO is emptied. In the receiver station, 
the RST register is checked to determine whether an 
End-Of-File 
terminator 
has been identified by the 
82510, in which case reception is stopped immediately 
by disabling 
all interrupt 
sources and 
setting 
the 
FinisiL....Rxflag. In the transmitter station, the received 
characters are checked to identify the received control 
character. If XOFF is identified, Tx interrupt is dis- 
abled. If XON is identified, Tx interrupt is enabled. 
Note that the software does not need to check for any 


control character during normal reception; the control 
characters are identified by the 82510 device. 


RST is checked for parity, framing or overrun errors. If 
one of these errors has occurred, then the error han- 
dling routine is executed. 
. 


If status interrupt occurs while Burst_algo 
is assigned 
to BURST mode, the timer is restarted. 


Note that status interrupt is enabled at both stations. 


Transmit 
station 
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Figure 13. Status Intr. Service 
Routine 
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6.4.5 TIMER INTERRUPT SERVICE ROUTINE 
6.4.6 MODEM INTERRUPT SERVICE ROUTINE 


A timer interrupt occurs when the receive character 
rate becomes low. The timer interrupt service routine 
first empties the Rx FIFO and then switches the burst 
algorithm to HUNTING 
mode. 
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Figure 14.TIMER Intr Service Routine 


Modem interrupt occurs if one of the modem lines has 
dropped during transmission or reception. The modem 
interrupt service routine reads the MSR register to ac- 
knowledge the modem interrupt. 
The modem error 
routine is then executed. 
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Figure 15. MODEM Intr Service Routine 
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APPENDIX A 
PL/M SOURCE FILE 


1************************************************************************* 
* 
* 
* 
8 2 S 1 0 - H 
I G H 
PER 
FOR 
M A N 
C E 
D r i v e r 
* 
* 
* 
* This 
driver 
is optimized 
for 
Real 
Time 
Systems. 
It supports 
* 
* high 
system 
performance. 
It 
is based 
on 
the 
"BURST 
algorithm" 
* 
*************************************************************************/ 


HIGHPERFORMANCE: 
DO 
; 


1************************************************************************* 
* 
LITERALS 
* 
**************.**********************************************************/ 


DECLARE 
LIT 
LITERALLY 
'LITERALLY' 
; 
DECLARE 
TRUE 
LIT 
'OFFH' 
DECLARE 
FALSE 
LIT 
'OOH' 
DECLARE 
BAUD 
9600 
LIT 
'003CH' 
;/* 
Character 
configurations 
*1 
DECLARE 
BAUD-19200 
LIT 
'001EH' 
DECLARE 
BAUD-288000 
LIT 
'0002H' 
DECLARE 
DLAB-O 
LIT 
'01111111B' 
i/» 
Reset 
DLAB 
*1 
DECLARE 
DLAB:::1 
LIT 
'10000000B' 
;1* Set 
DLAB 
*1 
DECLARE 
CR 
LIT 
'ODH' 
;/* Control 
characters 
*1 
DECLARE 
LF 
LIT 
'OAR' 
DECLARE 
X Off 
LIT 
'13H' 
DECLARE 
x-on 
LIT 
'11H' 
DECLARE 
End 
Of 
File 
LIT 
'1AR' 
DECLARE 
BASE 
S10 
LIT 
'080H' 
i/» 
8 2 S 1 0 
registers 
*1 
DECLARE 
NASO 
LIT 
'OOOOOOOOB' 
DECLARE 
WORK1 
LIT 
'00100000B' 
DECLARE 
GEN2 
LIT 
'01000000B' 
DECLARE 
MODM3 
LIT 
'01100000B' 
DECLARE 
TXD 
LIT 
'BASE 
S10 
+ 
0' 
;/* BANK 
0 - NAS 
*1 
DECLARE 
RXD 
LIT 
'BASE-S10 
+ 
0' 
DECLARE 
BAL 
LIT 
'BASE-S10 
+ 
0' 
DECLARE 
BAR 
LIT 
'BASE-S10 
+ 
2' 
DECLARE 
GER 
LIT 
'BASE-S10 
+ 
2 ' 
DECLARE 
GIR 
LIT 
'BASE-S10 
+ 
4 ' 
DECLARE 
BANK 
LIT 
'BASE-S10 
+ 
4 ' 
DECLARE 
LCR 
LIT 
'BASE-S10 
+ 
6' 
DECLARE 
MCR 
LIT 
'BASE-S10 
+ 
8' 
DECLARE 
LSR 
LIT 
'BASE-S10 
+10' 
DECLARE 
MSR 
LIT 
'BASE-S10 
+12' 
DECLARE 
ACRO 
LIT 
'BASE-S10 
+14' . 
DECLARE 
RXF 
LIT 
'BASE-S10 
+ 
2' 
;/* 
BANK 
1 - WORK 
*1 
DECLARE 
TXF 
LIT 
'BASE-S10 
+ 
2' 
DECLARE 
TMST 
LIT 
'BASE-S10 
+ 
6' 
DECLARE 
TMCR 
LIT 
'BASE-S10 
+ 
6' 
DECLARE 
FLR 
LIT 
'BASE-S10 
+ 
8' 
DECLARE 
RST 
LIT 
'BASE-S10 
+10' 
DECLARE 
RCM 
LIT 
'BASE-S10 
+10' 
DECLARE 
TCM 
LIT 
'BASE-S10 
+12' 
DECLARE 
GSR 
LIT 
'BASE-S10 
+14' 
DECLARE 
ICM 
LIT 
'BASE-S10 
+14' 
DECLARE 
FMD 
LIT 
'BASE-S10 
+ 
2' 
i/» 
BANK 
2 - GENERAL 
CONFIGURE 
*1 
DECLARE 
TMD 
LIT 
•BASE:::S10+ 
6' 
292038-16 


2-280 


AP-310 


DECLARE 
IMD 
LIT 
'BASE SlO + 8' 
; 
DECLARE 
ACRl 
LIT 
'BASE-SlO 
+10' 
; 
DECLARE 
RIE 
LIT 
'BASE-SIO 
+12' 
; 


DECLARE 
RHO 
LIT 
'BASE-SlO 
+14' 
; 
DECLARE 
CLCF 
LIT 
'BASE-SIO 
+ 0' 
i/» 
BANK 
3 - MODEM 
*/ 
DECLARE 
BBL 
LIT 
'BASE-SIO 
+ 0' 
i/» 
DLAB=l 
*/ 


DECLARE 
BACF 
LIT 
'BASE-SIO 
+ 2' 
; 
DECLARE 
BBH 
LIT 
'BASE-SlO 
+ 2' 
;/* 
DLAB=l 
*/ 
DECLARE 
BBCF 
LIT 
'BASE-SIO 
+ 6' 
; 
DECLARE 
PMD 
LIT 
'BASE-SIO 
+ 8' 
; 
DECLARE 
MIE 
LIT 
'BASE::::SIO 
+10' 
; 
DECLARE 
TMIE 
LIT 
'BASE 
SlO +12' 
; 
DECLARE 
OUT2 
MCR 
LIT 
'OOOOlOOOB' 
;/* 
Specific 
register 
bits 
*/ 
DECLARE 
DTR 
MCR 
LIT 
'OOOOOOOlB' 
; 
DECLARE 
DSR-MSR 
LIT 
'OOlOOOOOB' 
; 
DECLARE 
CLRSTAT 
ICM 
LIT 
'OOOOOlOOB' 
; 
DECLARE 
INTR 
SlO 
LIT 
'21H' 
; 
DECLARE 
PORT-80130M 
LIT 
'OE2H' 
; 
DECLARE 
EN 
80130 
LIT 
'OFDH' 
; 


DECLARE 
PORT 
EOI 
LIT 
'OEOH' 
; 
DECLARE 
COMM-EOI 
LIT 
'61H' 
i/» 
End 
Of 
Interrupt 
command 
*/ 


,DECLARE 
ENRTX 
GER 
LIT 
'OOOOllllB' 
i /» 
Enable 
Interrupt 
bits 
*/ 
DECLARE 
ENTX 
GER 
LIT 
'OOOOOOlOB' 
; 
DECLARE 
ENTXSTAT 
GER 
LIT 
'OOOOlllOB' 
; 
DECLARE 
ENRX 
GER- 
LIT 
'OOOOllOlB' 
; 
DECLARE 
ENTIMRx 
GER 
LIT 
'OOlOllOlB' 
; 
DECLARE 
DISTX 
GER 
LIT 
'OOOOllOlB' 
; 
DECLARE 
DISRX-GER 
LIT 
'OOOOOOlOB' 
;/* 
Disable 
Interrupt 
bits 
*/ 


DECLARE 
DISRTX 
GER 
LIT 
'OOOOOOOOB' 
; 
DECLARE 
TXTHRESHO 
FMD 
LIT 
'OOOOOOOOB' 
i/» 
FIFO 
threshold 
*/ 


DECLARE 
RXTHRESHO-FMD 
LIT 
'OOOOOOOOB' 
; 
DECLARE 
RXTHRESH3-FMD 
LIT 
'OOllOOOOB' 
; 
DECLARE 
MASK 
RXOCC 
LIT 
'OlllOOOOB' 
;/* Mask 
op 
occupancy 
bits 
*/ 


DECLARE 
MASK-TXOCC 
LIT 
'OOOOOlllB' 
; 


I 
DECLARE 
MASK-ACRSTAT 
LIT 
'OlOOOOOOB' 
;/* Mask 
on ACR 
status 
bits 
*/ 
DECLARE 
CHRLEN 
8 
LIT 
'OOOOOOllB' 
i/» 
Async 
parameters 
*/ 


DECLARE 
STPBIT-l 
LIT 
'OOOOOOOOB' 
; 


DECLARE 
PARITY-NON 
LIT 
'OOOOOOOOB' 
; 


DECLARE 
SWRES 
CMND 
LIT 
'OOOlOOOOB' 
; 


DECLARE 
ERRCHR 
RST 
LIT 
'OOOOlllOB' 
; 


DECLARE 
ACRSTAT 
RIE 
LIT 
'OlOOOOOOB' 
; 


DECLARE 
ACRSTAT-RST 
LIT 
'OlOOOOOOB' 
; 


DECLARE 
NONI 
GIR 
LIT 
'OOlOOOOlB' 
;/* 
Interrupt 
vector 
*/ 


DECLARE 
MODMI 
GIR 
LIT 
'OOlOOOOOB' 
; 


DECLARE 
TXI-GIR 
LIT 
'OOlOOOlOB' 
; 
DECLARE 
RXI-GIR 
LIT 
'OOlOOlOOB' 
; 
DECLARE 
STATI-GIR 
LIT 
'OOlOOllOB' 
; 
DECLARE 
TIMI-GIR 
LIT 
'OOlOlOlOB' 
; 
DECLARE 
AUTOACK 
IMD 
LIT 
'OOOOlOOOB' 
; 
DECLARE 
TIMOD 
BBCF 
LIT 
'OOOOOOOOB' 
i/» 
Timer 
*/ 
DECLARE 
TIMBI-TMIE 
LIT 
'OOOOOOlOB' 
; 
DECLARE 
FIFO 
IMO 
LIT 
'OOOOOOOOB' 
; 
DECLARE 
STARTIMB_TMCR 
LIT 
'OOlOOOlOB' 
; 
DECLARE 
STARTIMB 
TMST 
LIT 
'OOOOOOlOB' 
; 
DECLARE 
RTXCLK 
BRGA 
CLCF 
LIT 
'OlOlOOOOB' 
; 
DECLARE 
LOW 
BAUD 
- 
LIT 
'OOH' 
i/» 
BURST 
algorithm 
*/ 


DECLARE 
HUNTING 
MODE 
LIT 
'OlH' 
; 
DECLARE 
SINGLE-MODE 
LIT 
'02H' 
; 
DECLARE 
BURST-MODE 
LIT 
'03H' 
; 
DECLARE 
TIME 
EXP 
LIT 
'OFFFFH' 
;/* 
timeout=7mS 
(at 18.4 
Mhz) 
*/ 
DECLARE 
WAIT::::TlME 
LIT 
'OOFFFH' 
;/* 
WAIT_FOR_MODEM_STATUS 
*/ 
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/************************************************************************* 
* 
VARIABLES 
* 
**********.************~*************************************************/ 


1* Transmit buffer' 
DECLARE TX PTR POINTER PUBLIC 
DECLARE TX-BUF BASED TX PTR (3000) BYTE ; 
DECLARE IX-TX 
WORD PUBLIC ; 
DECLARE RX-BUF(3000) BYTE PUBLIC; 
DECLARE IX-RX 
WORD PUBLIC 
DECLARE INTR VEC 
BYTE PUBLIC 
DECLARE FIN TX 
BYTE PUBLIC 
DECLARE FIN-RX 
BYTE PUBLIC 
DECLARE RX eHR 
BYTE PUBLIC 
DECLARE TX-CHR 
BYTE PUBLIC 
DECLARE TX-OCC 
BYTE PUBLIC 
DECLARE RX-OCC 
BYTE PUBLIC 
DECLARE STAT 
BYTE PUBLIC 
DECLARE BAUD 
WORD PUBLIC 
DECLARE TEMP 
BYTE PUBLIC 
DECLARE FIN 
BYTE PUBLIC 
DECLARE SELECTION 
BYTE PUBLIC 
DECLARE RECEIVER 
BYTE PUBLIC 
DECLARE BURST ALGO 
BYTE PUBLIC 
DECLARE MODEM-HANDSHAKE BYTE PUBLIC 
D~CLARE COUNTER 
WORD PUBLIC 
DECLARE RX_ERROR 
BYTE PUBLIC ; 


1* Receive 
buffer 


1* Finish Transmission flag 
1* Finish Reception 
flag 


; 


1* Receive station 
*1 
1* BURST algorithm 
*1 


1* Error occurred during 
*1 


1* reception 
*1 


1*-----------------------------------------------------------------------*1 


1* 1/0 console utilities 
$INCLUDE (:F1:TIOHP.PEX) 


1* Setup and H/W configurations 
$INCLUDE (:F1:HPUTIL.PEX) 


DECLARE MAIN LABEL PUBLIC ; 


1************************************************************************* 
* Procedure 
INITIALIZATIONS 
* 
************************************************************************* 
* input: 
none 
* 


* output: 
none 
* 
* function: 
driver initialization: parameters, 82510 
* 
* 
configuration, modem status check. 
* 
* called by: 
Main 
* 
* calling: 
CONFIG_82510, INITIALIZE_BURST, WAIT_FOR MODEM 
* 
* 
* 
* Init the Interrupt mechanism 
by 
enable Interrupt in GER register 
* 
* At the Receive station: Enable Rx FIFO, status and Modem Interrupts 
* 
* 
Disable Timer Interrupt 
* 
* At the Transmit station: Enable Tx FIFO, Status and Modem Interrupts 
* 
* 
* 
* flowchart: 
figure 7 
description: 
paragraph 6.3 
* 
*************************************************************************/ 


INITIALIZATIONS: PROCEDURE PUBLIC ; 


DISABLE ; 
CALL SET$INTERRUPT(INTR 5l0,INTR HANDLER) 
- 
1* Install THE INTR HANDLER 


TX CHR=OO 
RX:-CHR=OO 
1* Clear TX CHR and RX_CHR 
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CALL 
TEXT 
; 
/* TX 
PTR 
is a pointer 
to the 
transmitted*/ 


/* data 
*/ 


IX TX= 
OFFFFH 
/* The 
index 
buffer 
are 
assigned 
to 
-1 
./ 


IX-RX= 
OFFFFH 
FIN 
TX=FALSE 
/* Init 
Finish 
Transmit 
and 
receive 
flags·/ 


FIN-RX=FALSE 
; 
RX_BUF(O)=O 
RX_ERROR=FALSE 
/* Reset 
the 
flag 
*/ 


.BAUD=BAUD_288000 
/* The 
Async 
communication 
Baud 
rate 
is 
*/ 


/* the 
82510-full 
scale 
288000 
*/ 


CALL 
CONFIG_82510 
/* Configured 
the 
82510: 
*/ 


/* S/W 
reset, 
character 
length, 
parity, 
./ 


/* stop 
bit, 
baud 
rate 
and 
fifo threshol 
*/ 


/************************************************************************* 


1< 
INITIALIZE 
BURST 
• 


***********-********+**************************************************** 
* 
input: 
none 
* 
* 
output: 
Burst 
Algo 
* 
* function: 
start-Burst 
algorithm 
in Hunting 
mode 
• 
* called 
by: 
INITIALIZATIONS 
• 


* calling: 
none 
* 


* 
• 
* 
flowchart: 
figure 
4 
description: 
paragraph 
6.2.1 
• 


*************************************************************************/ 


IF BAUD<=BAUD_9600 
THEN 
BURST 
ALGO=HUNTING 
MODE 
; 
/* 
HUNTING 
mode: 
- 
/* Rx 
FIFO 
threshold 
is 0 
/* Timer 
interrupt 
is disable 
ELSE 
BURST_ALGO=LOW_BAUD 


CALL 
WAIT 
FOR 
MODEM 
STATUS 
; 
- 
- 
- 
/* wait 
for Modem 
handshake 
line 
"DSR" 
./ 


/* if ACTIVE 
set 
MODEM_HANDSHAKE 
*/ 


TEMP 
TEMP 
TEMP 
TEMP 


INPUT (RXD) 
INPUT (RXD) 
INPUT (RXD) 
INPUT (RST) 


END 
INITIALIZATIONS 
; 


1************************************************************************* 


* 
Procedure 
CONFIG 
82510 
• 


************************************************************************* 
• input: 
none 
• 
* 
output: 
none 
• 
* 
function: 
configure 
the 
82510 
to 
a specific 
operation 
• 
* 
mode 
• 


• called 
by: 
INITIALIZATIONS 
• 


* 
calling: 
none 
• 


* 
• 
* 
flowchart: 
figure 
8 
description: 
paragraph 
6.3 
* 


*******.*.****.* 
••*******************************************************1 


CONFIG_82510: 
PROCEDURE 
PUBLIC 


/. 
Perform 
Software 
reset 
OUTPUT (BANK) 
= WORKl; 
OUTPUT (ICM) 
= SWRES_CMND; 
/* Move 
to work 
bank 
/* S/W 
reset 
command 
././ 
*/ 
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/* 
BANK 
ZERO 
- 
NAS 
(The default 
BANK) 


/* 
Configured 
the 
character 
by writing 
to LCR: 
*/ 
/* 
1 stop 
bit, 
8 bit 
lengh, 
non 
parity 
*/ 
OUTPUT(LCR)=(STPBIT 
1 
+ CHRLEN 
8 + PARITY 
NON) 
OUTPUT(MCR)"'(DTR 
MeR 
OR OUT2 
MeR) 
; 
- 
- 
- 
/* Required 
only 
in IBM 
PC environment: 
*/ 
/* 
set 
OUT2 
signal 
to 
control 
an external*/ 


/* 
3-state 
buffer 
that 
drives 
the 
82510 
*/ 


/* 
interrupt 
signal 
*/ 


IF RECEIVER 
THEN 
OUTPUT(ACRO)=End 
Of File 
; 
/* At the 
Receive 
station 
EOF 
is 
*/ 
/* recognized 
to terminate 
reception 
*/ 


ELSE 
OUTPUT(ACRO)- 
X OFF 
/* At 
the 
Transmit 
station 
"X Off" 
is 
*/ 
/* recognized 
to 
stop 
transmission 
*/ 
/* temporary 
*/ 


/* Enable 
82510 
Interrupt 
by 
set 
GER, 
*/ 
/* done 
at the 
end 
of INITIALIZATIONS 
*/ 


/* 
Init 
the 
82510 
Interrupt 
mechanism 
*/ 


DISABLE 
; 
IF RECEIVER 
THEN 
OUTPUT(GER)=ENRX 
GER 
; 
/* a~ the 
Receive 
station 
ELSE 
OUTPUT(GER)=ENTXSTAT_GER 
/* 
and 
the 
Transmit 
station 


configured 
baud 
rate 
to 
288000 
by writing 
to 
BRG A 
(BAL and 
BAH) 
/*Set 
DLAB 
to 
allow 
access 
to 
BRG 


/* 
/* 
OUTPUT (LCR)=INPUT(LCR) 
OR DLAB 
1; 
OUTPUT(BAL)=LOW 
(BAUD 
288000) 
; 
OUTPUT (BAH)=HIGH(BAUD-288000) 
; 
OUTPUT(LCR)=INPUT(LCR) 
AND 
DLAB_O; 
/* 
reset 
DLAB 


/* 
BANK 
TWO 
- General 
configuration 
*/ 
OUTPUT(BANK)=GEN2 
; 


OUTPUT(IMD)=(AUTOACK_IMD 
OR FIFO 
IMD) 
; 
7* Automatic 
interrupt 
acknowledge, 
*/ 
/* Rxfifo 
depth 
is four 
bytes 
*/ 


OUTPUT (FMD) = (TXTHRESHO_FMD 
OR RXTHRESHO 
FMD) 
; 
/* Rxfifo 
threshold 
is temporally 
zero 
/* 
for HUNTING 
mode 
(BURST 
algorithm) 
/* Txfifo 
threshold 
is zero 
for max 
/* 
interrupt 
latency 


IF RECEIVER 
THEN 
OUTPUT(ACR1)=End 
Of File 
; 
/* At 
the 
Receive 
station 
EOF 
is 
*/ 
/* recognized, 
the 
same 
as ACRO 
*/ 
ELSE 
OUTPUT(ACR1)=X_ON 
/* At the 
Transmit 
station 
"X On" 
is 
*/ 
/* 
recognized 
to 
continue 
transmission 
*/ 


OUTPUT (RIE) 
(ACRSTAT 
RIE 
OR 
INPUT(RIE» 
; 
/* 
Enable 
interrupt 
on programmed 
control*/ 
/* 
character 
received 
(ACRO/ACR1) 
*/ 


/* 
BANK 
THREE 
- MODEM 
configuration 
OUTPUT(BANK)=MODM3 
; 


OUTPUT (BBCF)= (TIMOD_BBCF) 
/* 
OUTPUT (BANK) 
= NASO; 
/* 
OUTPUT (LCR)=INPUT(LCR) 
OR DLAB 
1 
; 
OUTPUT (BANK) 
'"MODM3; 
- /* 
OUTPUT (BBL) = LOW 
(TIME_EXP); 
/* 


BRG 
B configured 
to TIMER 
mode 
Move 
to nas 
bank 
to 
set 
DLAB 
/* 
Set 
DLAB 
to 
allow 
access 
to 
MODEM 
bank 
Set ~x 
timeout 
(7ms if 18Mhz 


*/ 
*/ 
BRG 
*/ 
*/ 


crystal)*/ 
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OUTPUT (BBH) 
= HIGH(TIME_EXP); 
/* to 
issue 
interrupt 
when 
time 
has 
*/ 


OUTPUT (BANK) 
= NASO; 
/* expired. 
Move 
to NAS 
bank 
again 
*/ 
OUTPUT(LCR) 
=INPUT(LCR) 
AND 
DLAB 
0 
; /* 
Reset 
DLAB 
*/ 
OUTPUT (BANK) = MODM3; 
7* switch 
to 
BANK 
THREE 
- MODEM 
*/ 


OUTPUT(CLCF)=RTXCLK 
BRGA 
CLCF 
/* The 
receive 
and 
transmit 
clock 
source 
*/ 
- 
- 
/* 
is BRG 
A 
*/ 


OUTPUT (TMIE) =TIMBI_TMIE 
/* Enable 
Timer 
block 
interrupt 
/* (stil 
disabled 
in Timer 
bit 
in GER) 


- The 
RUNTIME 
b~nk 
/* BANK 
ONE 
- general 
WORK 
OUTPUT (BANK) =WORK1 
; 
OUTPUT(ICM)=CLRSTAT_ICM 
/* Issues 
a command 
to clear 
all 
/* status 
registers 


/* Remain 
in 
W 0 R K 
- THE 
runtime 
bank 


END 
CONFIG_82510 
; 


/************************************************************************* 
* Procedure 
WAIT 
FOR 
MODEM 
STATUS 
* 
************************************************************************* 
* 
input: 
none 
* 
* output: 
Modem 
Handshake 
* 
* 
function: 
waits-with 
a-timeout 
for 
DSR 
active, 
* 
* 
returns 
status 
flag 
* 
* called 
by: 
INITIALIZATIONS 
* 
* calling: 
none 
* 
* 
* 
* 
flowchart: 
figure 
9 
description: 
paragraph 
6.3.1 
* 
*******************************************.*****************************/ 


WAIT_FOR_MODEM_STATUS: 
PROCEDURE 
PUBLIC 
; 


MODEM 
HANDSHAKE 
= 
FALSE 
COUNTER 
= WAIT_TIME 
; 


DO WHILE 
(NOT MODEM 
HANDSHAKE) 
AND 
«COUNTER:=COUNTER-1) 
> 0 ) 
IF 
(INPUT (MSR) AND 
DSR 
MSR) 
<> 
0 
THEN 
MODEM 
HANDSHAKE 
TRUE 
END 
- 


END 
WAIT 
FOR 
MODEM_STATUS 
; 


/************************************************************************* 
* Procedure 
INTERRUPT 
HANDLER 
* 
*****.*.***************************************************************** 
t 


* 
input: 
Tx 
Buffer 
* 
* 
output: 
Rx 
Buffer, 
Finish 
Tx, 
Finish 
Rx 
* 
* 
function: 
service 
all 
82510-interrupt 
sources: 
* 
* 
Rx 
Fifo, 
Tx 
Fifo, 
Status, 
Timer, 
Modem 
* 
* called 
by: 
82510 
hardware 
interrupt 
* 
* 
calling: 
Rx 
Fifo 
Intr, 
Tx 
Fifo 
Intr, 
Status 
Intr, 
* 
* 
Tiiiier_Intr, MOdeiii_Intr 
- 
* 
* 
* 
* 
flowchart: 
figure 
10 
description: 
paragraph 
6.4, 
6.4.1 
* 
*************************************************************************/ 


INTR_HANDLER: 
PROCEDURE 
INTERRUPT 
INTR_510 
REENTRANT 
PUBLIC 


ENABLE 
/* Enable 
Interrupts 
of 
/* HIGHIER 
priority 
devices 


/* Get 
the 
82510-highest 
priority 


/* pending 
interrupt 
INTR_VEC=INPUT(GIR) 
; 
*/ 
*/ 
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/*********** 
••************************************************************ 
* 
Rx FIFO 
INTR 
* 
************************************************************************* 
* 
input: 
none 
* 
* output: 
Rx Buffer, 
Burst 
Algo 
* 
* 
function: 
service 
Rx 
Fifo 
Interrupt 
* 
* 
receive 
characters; 
store 
in receive 
buffer 
* 
* called 
by: 
INTERRUPT 
HANDLER 
* 
* calling: 
BURST_ALGO 
* 
* 
* 
* 
flowchart: 
figure 
11 
description: 
paragraph 
6.4.2 
* 
***.***************.*****************************************************/ 


IF INTR_VEC=RXI_GIR 
THEN 
DO 
; 


RX_OCC=INPUT(FLR) 
; 
1* 
Rx 
fifo 
level 
occupancy 
*/ 
1* 
Shift 
the 
Rx 
occupancy 
bit 
*/ 
RX_OCC-SHR(RX_OCC,4) 
1* 
to get 
it's 
real 
value 
*/ 
1* - OPTIMIZE 
code 
- 
*/ 
/* Empty 
the 
Rx 
FIFO 
and 
store 
the 
*/ 
1* 
received 
character 
in RX 
BUF 
*/ 
RX_BUF (IX_RX:EIX_RX+l) =INPUT(RXD) 
; 
- 
1* Read 
the 
first 
character 
immediatly 
*/ 
1* 
to 
save 
Real 
Time 
*/ 
DO WHILE 
(RX OCC:=RX 
OCC-l) 
> 0 
; 
RX 
BUF(IX-RX:=IX 
Rx+l)=INPUT(RXD) 
END 
;- 
- 
- 


I 


/************************************************************************* 
* 
BURST 
ALGORITHM 
* 
************************************************************************* 
* 
input: 
Burst 
Algo 
* 
* output: 
Burst-Algo 
* 
* 
function: 
execute 
a step 
in the 
burst 
algorithm 
* 
* 
after 
characters 
are 
received 
* 
* 
called 
by: 
Rx_FIFO_INTR 
* 
* calling: 
none 
* 
* 
* 
* 
flowchart: 
figure 
5 
description: 
par. 
6.2.2.1 
to 
6.2.2.3 
* 
*************************************************************************/ 


, 


1*-----------------------------------------------------------------* 
* 
BUR 
S T 
MOD 
E - step 
3 
(full 
fifo 
threshold) 
* 
* Reset 
the 
Timer 
status 
* 
* Restart 
the 
Timer 
* 
*-----------------------------------------------------------------*/ 
IF BURST 
ALGO 
= BURST 
MODE 
THEN 
DO 
; 
TEMP 
~ INPUT(TMST); 
OUTPUT (TMCR) 
=STARTIMB 
TMCR; 
END; 
- 


1*-----------------------------------------------------------------* 
* 
HUN 
TIN 
G 
MOD 
E - step 
1 
* 
* Oper&te 
the 
TIMER 
* 
* 
Change 
to 
step 
2 SINGLE 
mode 
* 
*-----------------------------------------------------------------*/ 
ELSE 
IF BURST 
ALGO 
= HUNTING 
MODE 
THEN 
DO 
; 
OUTPUT(TMCR)=STARTIMB 
TMCR 
BURST 
ALGO=SINGLE 
MODE 
END; 
- 
- 
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/*-----------------------------------------------------------------* 
* 
SIN 
G L E 
MOD 
E - step 
2 
* 
* If TIME 
has 
expired, 
means 
the 
receive 
* 
* rate 
is LOW, 
return 
to 
HUNTING 
mode 
* 
* If TIME 
did 
NOT 
expire, 
means 
the 
* 
* Receive 
rate 
is HIGH, 
set 
Rx FIFO 
threshold, 
Restart 
the 
* 
* Timer 
and 
switch 
to BURST 
mode 
* 
*-----------------------------------------------------------------*/ 
ELSE 
IF BURST_ALGO 
= SINGLE_MODE 
THEN 
DO 
; 


IF 
«INPUT(TMST) 
AND 
STARTIMB 
TMST) 
<>0) 
THEN 
BURST_ALGO= 
HUNTING_MODE 
; 
ELSE 
DO; 
OUTPUT (BANK) 
= GEN2;/* 
Switch 
to 
BANK 
TWO 
- General 
Config 
OUTPUT(FMD)-=TXTHRESHO_FMD 
OR RXTHRESH3_FMD; 
OUTPUT (BANK) 
=NASO; 
/* Switch 
to 
BANK 
ZERO 
- NAS 
OUTPUT (GER) z ENTIMRX 
GER; 


/* Enable 
TlMER,RX 
and 
MODEM 
OUTPUT(BANK)-WORK1; 
/* Switch 
to 
BANK 
ONE 
- WORK 
BURST 
ALGO 
= BURST 
MODE; 
TEMP 
~ 
INPUT(TMST); 
/* Reset 
timer 
status 
OUTPUT (TMCR) 
E 
START 1MB TMCR; 
END; 
- 


END; 
/* End 
of SINGLE 
mode 


/* 
.••.End 
of BURST 
algorithm ••.•.•••.•.••••••..••..••...•••.•.•...... 
*/ 


*/ 


I 


I 


I 


*/ 


interrupts 
*/ • 


*/ 


*/ 


*/ 


/* 
Another 
try 
to 
empty 
the 
Rx 
fifo 
/* 
before 
leaving 
the 
interrupt 
handler 


DO WHILE 
(INPUT (FLR)<>0) 
/* Empty 
the 
Rx 
FIFO 
and 
store 
the 
/* 
received 
character 
in RX_BUF 
RX 
BUF(IX 
RX:=IX 
RX+1)=INPUT(RXD) 
; 
END 
;- 
- 
- 


END 
; 
/* End 
of Rx 
fifo 
interrupt 


j*****.******************************************************************* 
* 
TxFIFO 
INTR 
* 


************************************************************************* 
* input: 
Tx 
Buffer 
* 


* output: 
Finish 
tx 
* 
* function: 
service 
Tx Fifo 
interrupt 
* 


* 
transmit 
characters 
from 
transmit 
buffer 
(OPTIMIZE 
code) 
* 
* called 
by: 
INTERRUPT 
HANDLER 
* 
* calling: 
none 
* 
* 
* 
* flowchart: 
figure 
12 
description: 
paragraph 
6.4.3 
* 
*************************************************************************/ 


ELSE 
IF 
INTR 
VEC=TXI 
GIR 
THEN 
DO 
; 
TX 
OCC=INPUT(FLR)-AND 
MASK 
TXOCC 
; 
- 
- 
/* Tx 
fifo 
level 
occupancy 
/* 
Fill 
Tx 
FIFO, 
the 
transmitted 
characters 
are 
taken 
from 
TX_buf 
DO WHILE 
(TX OCC:=TX 
OCC+1)<5 
; 
OUTPUT(TXD)=TX 
BUF(IX 
TX:=IX 
TX+1); 
IF TX 
BUF(IX 
TX)=End 
Of 
File-THEN 
DO 
OuTPUT(BANK)=NASO-; 
-- /* 
Disable 
Tx 
interrupt, 
as the 
transmit 
*/ 
OUTPUT(GER)=DISTX 
GER; /* delimiter 
character 
was 
identified 
*/ 


OUTPUT (BANK)=WORKl 
/* 
switch 
to 
BANK 
ONE 
- WORK 
*/ 


TX_OCC 
5; 
/* load 
TX_OCC 
to 
terminate 
external 
loop*! 


FIN_TX 
= TRUE 
; 
/* 
Set 
Finish 
transmit 
flag 
*/ 


END 
END 
END 
: 
/* End 
of TXFIFO 
INTR 
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*/ 
*/ 
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*/ 
*/ 
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*/ 


*/ 
*/ 


*/ 
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/************************************************************************* 
* 
STATUS INTR 
* 
************************************************************************* 
* input: 
none 
* 
* output: 
Finish Rx 
* 
* function: 
service Status interrupt 
* 
* 
Receive 
station: EOF terminate the reception 
* 
* 
Transmit station: X Off Disable the transmission 
* 
* 
X-On 
Enable 
the transmission 
* 
* called by: 
INTERRUPT HANDLER 
* 
* calling: 
none 
* 
* 
* 
* flowchart: 
figure 13 
description: 
paragraph 6.4.4 
* 
*************************************************************************/ 


STAT-INPUT(RST) ; 


RX OCC=INPUT(FLR) 
RX=OCC=SHR(RX_OCC,4) 


DO WHILE (RX OCC>O AND (NOT FIN RX»; 
RX OCC=RX-OCC-1 ; 
/* 
- 
First, empty Rx FIFO 
RX=CHR=!NPUT(RXD) 


/* Get the current RST status 


/* Rx fifo level occupancy 


IF RECEIVER THEN 


ELSE 
DO; 
IF RX CHR = X OFF THEN DO ; 


OUTPUT(BANK)=NASO;/*Switch to BANK ZERO - NAS 
*/ 


OUTPUT(GER) = INPUT(GER) AND DISTX GER ; 
/* Disable TransmIt interrupt 
*/ 


OUTPUT(BANK)=WORK1;/*switch to BANK ONE 
- WORK 
*/ 


END ; 
ELSE IF RX CHR - X_ON THEN DO ; 
OUTPUT(BANK)= NASO ; 
OUTPUT(GER) = INPUT(GER) OR 
ENTX GER ; 
/* Enable 
Transmit interrupt 
again 
*/ 


OUTPUT(BANK)= WORK1 ; 
END 
END 
END ; 


IF RECEIVER THEN DO ; 
IF «STAT 
AND ACRSTAT RST) <> 0) THEN DO ; 
OUTPUT(BANK)= NASO-; 
/* If End Of Line was recognized, 
*/ 


OUTPUT(GER) = DISRTX GER ; 
-- 
OUTPUT(BANK)= WORK1; 
/* Disable 82510-interrupts and the 
*/ 


FIN RX 
TRUE; 
/* Reception 
*/ 


END ; - 
ELSE IF «STAT 
AND ERRCHR RST) <> 0) THEN DO ; 
CALL WRITE(@('** ERROR-in character Status ',0» 
CALL ERROR_CHAR_HANDLER ; 


IF BURST ALGO=BURST MODE THEN DO ; 
- 
- 
/* In BURST mode do: 
TEMP = INPUT(TMST); /* Reset timer status 
OUTPUT(TMCR) 
STARTIMB TMCR; 
END; 
/* Restart TIMER 
END 
END 


/* End of STATUS interrupt 
END ; 
*/ 
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*/ 


*/ 
*/ 
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/************************************************************************* 
* 
TIMER INTR 
* 
**********************.************************************************** 
* input: 
none 
* 


* output: 
Burst Algo 
* 


* function: 
service Timer interrupt; receive characters 
* 
* 
and switch Burst Algo to HUNTING mode 
* 
* called by: 
INTERRUPT HANDLER 
* 
* calling: 
BURST &TIMER 
* 


* 
* 
* flowchart: 
figure 14 
description: 
paragraph 6.4.5 
* 


*************************************************************************/ 


ELSE IF INTR_VEC=TIMI_GIR THEN DO ; 


IF «RX_OCC:=INPUT(FLR»<>O) 
THEN DO 


RX_OCC=SHR(RX_OCC,4) ; 1* Rx fifo level occupancy, shift right 
*1 


1* - OPTIMIZE code - 
*1 


1* Empty the Rx FIFO and store the 
*1 


1* received character in RX BUF 
*1 
RX BUF(IX RX:=IX RX+I)=INPUT(RXD) ; 
DO-WHILE (RX OCC:-RX occ-a) 
> 0 ; 


RX BUF(IX-RX:=IX Rx+I)=INPUT(RXD) 
END 
- 
- 
- 


END ; 
1* Store the received character in RX_buf*1 


I 


/************************~************************************************ 
* 
BURST & TIMER 
* 
************************************************************************* 
* input: 
Burst Algo 
* 
* output: 
Burst-Algo 
* 


* function: 
execute a step in the burst algorithm 
* 
* 
after timer interrupt; switch to HUNTING 
* 
* called by: 
TIMER_INTR 
* 
* calling: 
none 
* 
* 
* 
* flowchart: 
figure 
6 
description: 
paragraph 6.2.2.4 
* 
*************************************************************************1 


OUTPUT(BANK) = GEN2; 
1* Switch to BANK TWO - General Config 
*1 


OUTPUT(FMD) = TXTHRESHO_FMD OR RXTHRESHO FMD; 
1* Rxfifo threshold=O, Txfifo threshold=O*1 


OUTPUT(BANK) = NASO; 
OUTPUT(GER) = ENRX GER; 
OUTPUT(BANK) = WORKl; 
TEMP = INPUT(TMST); 
BURST ALGO 
HUNTING MODE 
END; 
- 
- 


1* Switch to BANK ZERO - NAS 
1* Disable Timer interrupt and 
1* Enable RX,STAT,M6DEM interrupts 
1* Acknowledge TIMER interrupt 
1* Back to HUNTING mode 
I'. End of TIMER interrupt 
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*1 
*1 
*1 
*1 
*1 


• 
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1************************************************************************* 
* 
MODEM 
INTR 
* 
************************************************************************* 
* 
input: 
none 
* 
* output: 
none 
* 
* 
function: 
service 
Modem 
interrupt 
and 
handle 
modem 
errors. 
* 
* 
Modem 
interrupt 
is occurred 
if No Modem 
was 
setup, 
or 
* 
* 
if DSR 
was 
dropped 
in the 
middle 
of the 
communication 
* 
* 
called 
by: 
INTERRUPT 
HANDLER 
* 
* 
calling: 
none 
* 
* 
* 
* 
flowchart: 
figure 
15 
description: 
paragraph 
6.4.6 
* 
*************************.***********************************************/ 


STAT=INPUT 
(MSR) 


CALL 
ERROR_MODEM_HANDLER 


END 
; 


/* Get 
M,ODEM status 


/* Handel 
Modem 
Errors 
handshake 


/* End 
of MODEM 
interrupt 


OUTPUT(PORT_EOI)=COMM_EOI 


END 
INTR _HANDLER 


/* Write 
End 
Of 
Interrupt 
command 
to 
the */ 
/* 
PlC, (8259A) - 
*/ 


/*****************************************************.*.******.********** 
* 
Procedure 
ERROR 
MODEM 
HANDLER 
* 
*************************************************************************/ 


ERROR_MODEM_HANDLER: 
PROCEDURE 
PUBLIC 
; 


MODEM_HANDSHAKE 
= FALSE 
; 
/* Flag 
indicates 
that 
an Error 
occurred 
*/ 
/* ~n Modem 
*/ 


1 


END 
ERROR_MODEM_HANDLER 
, 


1************************************************************************* 
: 


* 
Procedure 
ERROR 
CHAR 
HANDLER 
* 
*************************************************************************/ 


ERROR_CHAR_HANDLER: 
PROCEDURE 
PUBLIC 
; 


~ TRUE 
/* 
Flag 
indicate's that 
an Error 
occurred 
*/ 
/* during 
Reception 
*/ 


OUTPUT (BANK) 
OUTPUT (GER) 
OUTPUT (BANK) 


NASO 
; 
DISRTX 
GER 
WORKl 
-; 


/* switch 
to 
BANK 
ZERO 
- NAS 
/* Disable 
all 
the 
82510 
Interrupts 
/* Switch 
to 
BANK 
ONE 
- WORK 
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/******************~****************************************************** 
* 
Procedure 
LOOP 
* 
* 
* 
* LOOP 
procedure 
is executed 
until 
Transmission/Reception 
Finishes 
* 
* or until 
the 
loop 
ends. 
• 
*************************************************************************/ 


LOOP: 
PROCEDURE 
PUBLIC 
DECLARE 
N WORD 
; 
DECLARE 
NUM 
WORD 
;, 
DECLARE 
MAXLOOP 
BYTE 
MAXLOOP= 
20 
; 
NUM=O 
; 
DO WHILE 
( (NOT FIN 
TX) 
AND 
(NOT FIN 
RX) 
AND 
(NUM<MAXLOOP) 
NUM=NUM+l 
; 
- 
/* 
Count 
the 
LOOP 
times 
CALL 
WRITELN(@(' 
... Background 
Program 
... ',0»; 
ENABLE 
; 
CALL 
TIME (5000) 
/* 
Software 
delay 


END 
; 


IF FIN 
TX THEN 
CALL 
WRITELN(@('T 
ran 
s m i 
s s ion 
END 
E D 
',0»; 
IF FIN=RX 
THEN 
CALL 
WRITELN(@('R 
e c e p t ion 
- END 
E D 
',0»; 


OUTPUT(BANK)=NASO 
; 
OUTPUT(GER)=DISRTX 
GER 
OUTPUT (BANK)=WORK1-; 
IF 
RECEIVER 
THEN 
DO 
; 
IF FIN 
RX THEN 
DO 
; 
CALL 
WRITELN(@('The 
Received 
Message: ',0» 
; 
CALL 
DISPTEXT(@RX 
BUF) 
; 
END; 
- 
ELSE· 


CALL 
WRITELN(@('** 
ERROR 
-THE 
Reception 
NOT 
ended 
successfully',O» 
; 
END 
; 
ELSE 
IF 
(NOT FIN 
TX) 
THEN 
/* 
The 
Transimt 
station 
*/ 
CALL 
WRITELN(@('** 
ERROR 
-THE 
Transmission 
NOT 
ended 
successfully',O»; 
END 
LOOP; 


If Communication 
successfully 
the 
Disabled 
by MAIN 
Display 
RX buffer 


/* 
/* 
/* 
/* 


is Not 
ended 
Interrupts 
are 


/************************************************************************* 
* 
Procedure 
TEXT 
* 
************************************************************************* 
* input: 
none 
* 
* output: 
Tx ptr 
* 
* function: 
Return 
a pointr 
to the 
Transmit 
buffer. 
Data 
in the 
* 
* 
transmit 
buffer 
must 
be 
trminated 
by End_Of 
File. 
* 
* called 
by: 
INITIALIZATIONS 
* 
* calling: 
none 
* 
I 


*************************************************************************/ 


TEXT: 
PROCEDURE 
PUBLIC 
; 


TX 
PTR=@ (,> ' , 
CR-;-LF, 
'ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopqrstuvwxyZ0123456789', 
CR,LF, 
'ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopqrstuvwxyz0123456789', 
CR,LF, 
'ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopqrstuvwxyz0123456789', 
CR,LF, 
'ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopqrstuvwxyZ0123456789', 
CR,LF, 
'ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopqrstuvwxyz0123456789', 
CR,LF,End_Of_File,O) 
- 


END 
TEXT 
; 
/* 
End_Of_File-terminate 
the 
Transmission*/ 
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/************************ 
••*********************************************** 
• External 
procedures 
* 
************************************************************************* 
• WRITELN: 
1/0 console utility 
dispaly a string, end with CR 
* 
• MENU: 
1/0 console utility - display a menu, enter the user 
* 
• 
selection 
* 
• DISPTEXT: 1/0 console utility - display the contents of the 
* 
• 
Receive buffer (Rx buf) 
* 
* INIT HARDWARE SETUP: Setup and Hardware configuratIons of the 
* 
• 
- 
- 
specific station 
* 
*****.**********************.******~*************************************/ 


/**.********************************************************************** 
• Procedure 
MAIN 
* 
*******************************************.***************************** 
• input: 
Finish Rx, Finish Tx 
* 
* output: 
Receiver flag 
- 
* 
• function: 
get station type (Rx or Tx) from the operator; 
* 
• 
wait till communication is completed; display; 
* 
* 
RECEIVER STATION SHOULD BE ACTIVATED FIRST 
* 
~ called by: 
Application 
* 
• calling: 
INITIALIZATIONS, LOOP 
* 
• 
* 
* flowchart: 
figure 
3 
description: 
paragraph 6.1 
* 
********** ••*************** ••*.***********.******.***~*******************/ 


MAIN: 


CALL INIT_HARDWARE SETUP 
1* External, setup and H/W configurations*1 


FIN=FALSE ; 
DO WHILE NOT(FIN) 
SELECTION=O ; 
CALL WRITELN(@('------------------------------------------------',0»; 
SELECTION=MENU(SELECTION,@('Station: (Quit/Transmitter/Receiver)',0» 
; 


1* Get operator selection. 
*1 
1* Receiver station should be activated 
*1 


1* prior to the transmitter station 
*1 


DO CASE SELECTION ; 
FIN=TRUE 
DO ; 
1* 0 - Quit of HIGH PERFORMANCE 
1* 1 - Transmit station 
RECElVER=FALSE ; 
CALL INITIALIZATIONS 
CALL LOOP; 


Driver 


END ; 
DO ; 
1* 2 - Receive station 
RECElVER=TRUE 
CALL INITIALIZATIONS 
CALL LOOP ; 
END 
END 
END 


CALL EXIT 


END HIGHPERFORMANCE ; 


1*************************************************************************/ 
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APPENDIX 
B 
82510 BASED SBX SERIAL CHANNEL 


This document 
describes the implementation 
of an 


82510 based SBX board that provides a RS-232 inter- 
face to any iSBC board which has an SBX connector. 
The SBX can be useful for customers that need a fast 
software development vehicle while the 82510 system 
hardware is still in the design stage. The customer can 
also use the SBX for evaluation of the 82510 in a sys- 
tem environment. 


In order to minimize the customer's software develop- 
ment costs, the RMX86/286 
Terminal Device Driver 
for the 82510 has also been developed and can be run 
by the RMX user on his iSBC with the SBX-8251O 
board described herewith. The RMX861286 drivers are 
available from INSITE, along with the source code and 
the documentation. 


BOARD 
DESCRIPTION 
(See Figure B-1) 


The following 82510 signals are connected directly to 
the SBX connector (installed on the pin side): DATA, 
ADDRESS, 
INTERRUPT, 
RESET, 
READ#, 


WRITE# 
and CS#. 
Wait states are generated by a 


shift register logic (U5, U7), clocked by the MCLK 
signal of the SBX interface. The number of wait states 
is selected by installing one of the eight jumpers to se- 
lect one parallel output of the shift register. The 82510 
is clocked by an 18.432 MHz Crystal (using its on-chip 
oscillator). A discrete transistor is used to pull down 
the RTS# signal during RESET to set the crystal mode 
(note that in a larger board, an unused open collector 
inverter or three-state gate can be used for this pur- 
pose). The 82510 is connected to the communication 
channel through RS-232 line drivers and receivers. Ei- 
ther a 25 pin D-Type connector (P) or a 26 pin Flat-Ca- 
ble connector (F) is used to connect the board to the 
RS-232 channel. 
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# 
Type 
Vcc 
GND 
-12 
+ 12 
# 
Type 
Vcc 
GND 
-12 
+12 


U1 
82510 
21 
7 
U6 
Jumper 


U2 
1488 
5,9 
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1 
14 
U7 
74lS00 
14 
7 


U3 
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7 
J 
SBX Male Connector 
for 8 Bit Bus 


U4 
1489 
14 
7 
P 
25 Pin D-Type Connector 
(Male) 


U5 
74lS164 
1,2,14 
7 
F 
26 Pin Flat-cable 
Connector 
(Male) 


Either P or F should 
be installed. 
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INTRODUCTION 
SOLC/HOLC 
OVERVIEW 


The Intel 8273 is a Data Communications 
Protocol 
Controller designed for use in systems utilizing either 
SDLC or HDLC (Synchronous or High-Level Data 
Link Control) protocols. In addition to the usual fea- 
tures such as full duplex operation, automatic Frame 
Check Sequence generation and checking, automatic 
zero bit insertion and deletion, and ITL compatibility 
found on other single component SDLC controllers, the 
8273 features a frame level command structure, a digi- 
tal phase locked loop, SDLC loop operation, and .diag- 
nostics. 


The frame level command structure is made possible by 
the 8273's unique internal dual processor architecture. 
A high-speed bit processor handles the serial data ma- 
nipulations and character recognition. A byte processor 
implements the frame level commands. These dual 
processors allow the 8273 to control the necessary byte- 
by-byte operation of the data channel with a minimum 
of CPU (Central Processing Unit) intervention. For the 
user this means the CPU has time to take on additional 
tasks. The digital phase locked loop (DPLL) provides a 
means of clock recovery from the received data stream 
on-chip. This feature, along with the frame level com- 
mands, makes SDLC loop operation extremely simple 
and flexible. Diagnostics in the form of both data and 
clock loopback are available to simplify board debug 
and link testing. The 8273 is a dedicated function pe- 
ripheral in the MCS-80/85 Microcomputer family and 
as such, it interfaces to the 8080/8085 system with a 
minimum of external hardware. 


This application note explains the 8273 as a component 
and shows its use in a generalized loop configuration 
and a typical 8085 system. The 8085 system was used to 
verify the SDLC operation of the 8273 on an actual 
IBM SDLC data communications link. 


The first section of this application note presents an 
overview of the SDLC/HDLC 
protocols. It is fairly 
tutorial in nature and may be skipped by the more 
knowledgeable reader. The second section describes the 
8273 from a functional standpoint with explanation of 
the block diagram. The software aspects of the 8273, 
including command examples, are discussed in the 
third section. The fourth and fifth sections discuss a 
loop SDLC configuration and the 8085 system respec- 
tively. 


Opening 
Flag 


Address 
Field (A) 
Control 
Field (C) 


SDLC is a protocol for managing the flow of informa- 
tion on a data communications link. In other words, 
SDLC can be thought of as an envelope-addressed, 
stamped, and containing an s.a.s.e.-in 
which informa- 
tion is transferred from location to location on a data 
communications link. (Please note that while SDLC is 
discussed specifically, all comments 
also apply 
to 
HDLC except where noted.) The link may be either 
point-to-point or multi-point, with the! point-to-point 
configuration being either switched or nonswitched. 
The information flow may use either full or half duplex 
'exchanges. With this many configurations supported, it 
is difficult to find a synchronous data communications 
application where SDLC would not be appropriate. 


Aside from supporting a large number of configura- 
tions, SDLC offers the potential of a 2X increase in 
throughput over the presently most prevalent protocol: 


. Bi-Sync. This performance increase is primarily due to 
two characteristics of SDLC: full duplex operation and 
the implied acknowledgement of transferred informa- 
tion. The performance increase due to full duplex oper- 
ation is fairly obvious since, in SDLC, both stations can 
communicate 
simultaneously. 
Bi-Sync supports 
only 


half-duplex (two-way alternate) communication. 
The 
increase from implied acknowledgement: arises from the 
fact that a station using SDLC may acknowledge previ- 
ously received information while transmitting different 
information. Up to 7 messages may be outstanding be- 
fore an acknowledgement is required. These messages 
may be acknowledged as a block rather than singly. In 
Bi-Sync, acknowledgements are unique messages that 
may not be included with messages containing informa- 
tion and each information message requires a separate 
acknowledgement. Thus the line efficiency of SDLC is 
superior to Bi-Sync. On a higher level, the potential of a 
2X increase in performance means lower cost per unit 
of information transferred. Notice that the increase is 
not due to higher data link speeds (SDLC is actually 
speed independent), but simply through better line utili- 
zation. 


Getting down to the more salient characteristics 
of 
SDLC; the basic unit of information on an SDLC link 
is that of the frame. The frame format is shown in Fig- 
ure 1. Five fields comprise each frame: flag, address, 
control, information, and frame check sequence. The 
flag fields (F) form the boundary of the frame and all 


Frame 
Check 


Sequence 
(FCS) 
Information 
Field (I) 
Closing 
Flag 


01111110 
8 Bits 
01111110 
8 Bits 
Any Length 
o to N Bits 
16 Bits 


Figure 1. SOLC Frame Format 
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other 
fields are positionally 
related 
to one of the two 
flags. 
All frames 
start 
with 
an opening 
flag and 
end 
with a closing flag. Flags are used for frame synchroni- 
zation. 
They 
also may serve as time-fill 
characters 
be- 
tween frames. 
(There are no intraframe 
time-fill charac- 
ters in SDLC 
as there are in Bi-Sync.) 
The opening 
flag 
serves as a reference 
point for the address 
(A) and con- 
trol (C) fields. The frame 
check sequence 
(FCS) 
is ref- 


erenced 
from the closing flag. All flags have the binary 
configuration 
01111110 
(7EH). 


SDLC 
is a bit-oriented 
protocol, 
that 
is, the receiving 
station 
must 
be able to recognize 
a flag (or any other 
special 
character) 
at any 
time, 
not just 
on 
an 
8-bit 
boundary. 
This, of course, 
implies that a frame may be 
N-bits in length. 
(The vast majority 
of applications 
tend 
to use frames which are multiples 
of 8 bits long, howev- 
er.) 


The fact that the flag has a unique binary 
pattern 
would 
seem 
to limit 
the 
contents 
of the 
frame 
since 
a flag 
pattern 
might 
inadvertently 
occur 
within 
the 
frame. 


This would 
cause the receiver 
to think 
the closing 
flag 
was 
received, 
invalidating 
the 
frame. 
SDLC 
handles 
this situation 
through 
a technique 
called zero bit inser- 
tion. 
This 
techniques 
specifies 
that 
within 
a frame 
a 
binary 
0 be inserted 
by the transmitter 
after any succes- 
sion of five contiguous 
binary 
Is. Thus, 
no pattern 
of 
01111110 
is ever transmitted 
by chance. 
On the receiv- 
ing end, after the opening 
flag is detected, 
the receiver 
removes 
any 0 following 
5 consecutive 
Is. The inserted 
and deleted 
Os are not counted 
for error determination. 


Before 
discussing 
the address 
field, an explanation 
of 
the roles of an SDLC 
station 
is in order. 
SDLC 
speci- 
fies two types of stations: 
primary 
and secondary. 
The 
primary 
is the control 
station 
for the data link and thus 
has responsibility 
of the overall 
network. 
There 
is only 
one predetermined 
primary 
station, 
all other 
stations 
on the link assume 
the secondary 
station 
role. In gener- 
al, a secondary 
station 
speaks only when spoken 
to. In 
other 
words, 
the primary 
polls the secondaries 
for re- 
sponses. 
In order 
to specify 
a specific 
secondary, 
each 
secondary 
is assigned 
a unique 
8-bit address. 
It is this 
address 
that is used in the frame's 
address 
field. 


When 
the primary 
transmits 
a frame 
to a specific sec- 
ondary, 
the address 
field contains 
the secondary's 
ad- 
dress. 
When 
responding, 
the 
secondary 
uses its own 
address 
in the address 
field. The primary 
is never iden- 
tified. 
This 
ensures 
that 
the primary 
knows 
which 
of 
many secondaries 
is responding 
since the primary 
may 
have many 
messages 
outstanding 
at various 
secondary 
stations. 
In addition 
to the specific secondary 
address, 
an address 
common 
to all secondaries 
may be used for 
various 
purposes. 
(An 
all 
Is address 
field 
is usually 
used for this "All 
Parties" 
address.) 
Even" though 
the 
primary 
may use this common 
address, 
the secondaries 
are expected 
to respond 
with their unique 
address. 
The 
address 
field 
is always 
the 
first 
8 bits 
following 
the 
opening 
flag. 


The 8 bits following 
the address 
field form the control 
field. The control 
field embodies 
the link-level 
control 
of SDLC. 
A detailed 
explanation 
of the commands 
and 
responses 
contained 
in this field is beyond 
the scope of 
this application 
note. 
Suffice 
it to say that 
it is in the 
control 
field that 
the implied 
acknowledgement 
is car- 
ried out through 
the use of frame 
sequence 
numbers. 
None of the currently 
available 
SDLC 
single chip con- 
trollers 
utilize 
the control 
field. They simply 
pass it to 
the processor 
for analysis. 
Readers 
wishing 
a more de- 
tailed 
explanation 
of the control 
field, or of SDLC 
in 
general, 
should 
consult 
the IBM documents 
referenced 
on the front page overleaf. 


In some 
types 
of frames, 
an information 
field follows 
the control 
field. Frames 
used strictly 
for link manage- 
ment 
mayor 
may not contain 
one. When 
an informa- 
tion field is used, it is unrestricted 
in both content 
and 
length. This code transparency 
is made possible because 
of the zero bit insertion 
mentioned 
earlier 
and the bit- 
oriented 
nature 
of SDLC. 
Even 
main 
memory 
core 
dumps 
may be transmitted 
because 
of this capability. 
This 
feature 
is unique 
to bit-oriented 
protocols. 
Like 
the control 
field, the information 
field is not interpreted 
by the 
SDLC 
device; 
it is merely 
transferred 
to and 
from memory 
to be operated 
on and interpreted 
by the 
processor. 


The final field is the frame check 
sequence 
(FCS). 
The 
FCS 
is the 
16 bits immediately 
preceding 
the closing 
flag. This IS-bit field is used for error detection 
through 
a Cyclic 
Redundancy 
Checkword 
(CRC). 
The 
16-bit 
transmitted 
CRC 
is the complement 
of the remainder 
obtained 
when the A, C, and I fields are "divided" 
by a 
generating 
polynomial. 
The 
receiver 
accumulates 
the 
A, C, and 
I fields and 
also the FCS 
into 
its internal 
CRC 
register. 
At the closing flag, this register 
contains 
one particular 
number 
for an error-free 
reception. 
If 
this number 
is not obtained, 
the frame 
was received 
in 
error 
and 
should 
be discarded. 
Discarding 
the 
frame 
causes 
the 
station 
to not 
update 
its 
frame 
sequence 
numbering. 
This 
results 
in a retransmission 
after 
the 
station 
sends 
an 
acknowledgement 
from 
previous 
frames. 
[Unlike 
all other 
fields, the FCS is transmitted 
MSB (Most Significant 
Bit) first. The A, C, and I fields 
are transmitted 
LSB (Least 
Significant 
Bit) first.] 
The 
details 
of how 
the 
FCS 
is generated 
and 
checked 
is 
beyond 
the scope of this application 
note and since all 
single component 
SDLC 
controllers 
handle 
this func- 
tion automatically, 
it is usually 
sufficient 
to know only 
that an error 
has or has not occurred. 
The IBM docu- 
ments 
contain 
more 
detailed 
information 
for 
those 
readers 
desiring 
it. 


The closing flag terminates 
the frame. When the closing 
flag is received, 
the receiver 
knows 
that 
the preceding 
16 bits constitute 
the FCS and that any bits between 
the 
control 
field and 
the 
FCS 
constitute 
the 
information 
field. 
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SDLC 
does not support 
an interframe 
time-fill 
charac- 
ter such as the SYN character 
in Bi-Sync. If an unusual 


condition 
occurs 
while transmitting, 
such as data is not 


available 
in time from memory 
or CTS (Clear-to-Send) 


is lost 
from 
the 
modem, 
the 
transmitter 
aborts 
the 
frame 
by sending 
an Abort 
character 
to notify 
the re- 
ceiver 
to invalidate 
the 
frame. 
The 
Abort 
character 
consists 
of eight 
contiguous 
Is sent 
without 
zero 
bit 
insertion. 
Intraframe 
time-fill 
consists 
of either 
flags, 


Abort 
characters, 
or any combination 
of the two. 


While 
the Abort 
character 
protects 
the 
receiver 
from 
transmitted 
errors, 
errors 
introduced 
by the transmis- 
sion medium 
are discovered 
at the receiver 
through 
the 
FCS 
check 
and 
a check 
for 
invalid 
frames. 
Invalid 
frames 
are those which are not bounded 
by flags or are 


too short, 
that 
is, less than 
32 bits between 
flags. All 
invalid 
frames 
are ignored 
by-the 
receiver. 


Although 
SDLC 
is a synchronous 
protocol, 
it provides 
an optional 
feature 
that allows its use on basically 
asyn- 


chronous 
data 
links-NRZI 
(Non-Return-to-Zero-In- 


verted) 
coding. 
NRZI 
coding 
specifies 
that 
the signal 


condition 
does not change 
for transmitting 
a binary 
I, 


while a binary 
0 causes a change 
of state. Figure 
2 illus- 


trates 
NRZI 
coding 
compared 
to the 
normal 
NRZ. 


NRZI 
coding 
guarantees 
that an active line will have a 
transition 
at least every 5-bit times; 
long strings 
of ze- 
roes cause a transition 
every bit time, while long strings 
of Is are broken 
up by zero bit insertion. 
Since asyn- 
chronous 
operation 
requires 
that the receiver 
sampling 


clock be derived 
from the received 
data, 
NRZI 
encod- 


ing plus 
zero 
bit insertion 
make 
the 
design 
of clock 
recovery 
circuitry 
easier., 


81T SAMPLE 


1 
0 
1 
0 


I I I I I I I I I I 


OATA 
1 


NRZ 


NRZI 


611001-1 


Figure 2. NRZI vs NRZ Encoding 


All of the previous 
discussion 
has applied 
to SDLC 
on 


either 
point-to-point 
or 
multi-point 
data 
networks. 


SDLC 
(but not HDLC) 
also includes 
specification 
for a 


loop configuration. 
Figure 
3 compares 
these three 
con- 


figurations. 
IBM 
uses 
this 
loop 
configuration 
in its 


3650 Retail 
Store 
System. 
It consists 
of a single 
loop 


controller 
station 
with one or more down-loop 
second- 


ary 
stations. 
Communications 
on a loop 
rely 
on the 
secondary 
stations 
repeating 
a received 
message 
down 


loop with a delay 
of one bit time. 
The 
reason 
for the 
one bit delay will be evident 
shortly. 


Loop 
operation 
defines 
a new 
special 
character: 
the 


EOP (End-of-Poll) 
character 
which 
consists 
of a 0 fol- 


lowed by 7 contiguous, 
non-zero 
bit inserted, 
ones. Af- 


ter the loop controller 
transmits 
a message, 
it idles the 


line (sends all Is). The final zero of the closing flag plus 
the first 7 Is of the idle form an EOP character. 
While 


POINT·TO·POINT 


MULTI-POINT 


611001-2 


LOOP 
611001-3 


Figure 3. Network 
Configurations 
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repeating, the secondaries monitor their incoming line 
for an EOP character. When an EOP is detected, the 
secondary checks to see if it has a message to transmit. 
If it does, it changes the seventh I to a 0 (the one bit 
delay allows time for this) and repeats the modified 
EOP (now alias flag). After this flag is transmitted, the 
secondary terminates its repeater function and inserts 
its message (with multiple preceding flags if necessary). 
After the closing flag, the secondary resumes its one bit 
delay repeater function. Notice that the final zero of the 
secondary's closing flag plus the repeated Is from the 
controller form an EOP for the next down-loop second- 
ary, allowing it to insert a message if it desires. 


One might wonder if the secondary missed any mes- 
sages from the controller while it was inserting its own 
message. It does not. Loop operation is basically half- 
duplex. The controller waits until it receives an EOP 
before it transmits its next message. The controller's 
reception of the EOP signifies that the original message 
has propagated around the loop followed by any mes- 
sages inserted by the secondaries. Notice that secondar- 
ies cannot communicate with one another directly, all 
secondary-to-secondary communication takes place by 
way of the controller. 


Loop protocol does not utilize the normal Abort char- 
acter. Instead, an abort is accomplished by simply 
transmitting a flag character. Down loop, the receiver 
sees the abort as a frame which is either too short (if the 
abort occurred early in the frame) or one with an FCS 
error. Either results in a discarded frame. For more 
details on loop operation, please refer to the IBM docu- 
ments referenced earlier. 


Another protocol very similar to SDLC which the 8273 
supports is HDLC (High-Level Data Link Control). 
There are only three basic differences between the two: 
HDLC offers extended address and control fields, and 
the HDLC Abort character is 7 contiguous Is as op- 
posed to SDLC's 8 contiguous Is. 


Extended addressing, beyond the 256 unique addresses 
possible with SDLC, is provided by using the address 
field's least significant bit as the extended address mod- 
ifier. The receiver examines this bit to determine if the 
octet should be interpreted as the final address octet. 
As long as the bit is 0, the octet that contains it is 
considered an extended address. The first time the bit is 
a I, the receiver interprets that octet as the fmal address 
octet. Thus the address field may be extended to any 
number of octets. Extended addressing is illustrated in 
Figure 4a. 


A similar technique is used to extend the control field 
although the extension is limited to only one extra con- 
trol octet. Figure 4b illustrates control field extension. 


Those readers not yet asleep may have noticed the simi- 
larity between the SDLC loop EOP character (a 0 fol- 


lowed by 7 Is) and the HDLC Abort (7 Is). This possi- 
ble incompatibility is neatly handled by the HDLC pro- 
tocol not specifying a loop configuration. 


This completes our brief discussion of the SDLC/ 
HDLC protocols. Now let us turn to the 8273 in partic- 
ular and discuss its hardware aspects through an expla- 
nation of the block diagram and generalized system 
schematics. 


FIAST BIT TRANSMITTED 
(LSB FIRST) 


611001-4 
A. HDLC ADDRESS 
FIELD 
EXTENSION 


611001-5 
B. HDLC CONTROL 
FIELD 
EXTENSION 


Figure 4 


BASIC 8273 OPERATION 


It will be helpful for the following discussions to have 
some idea ofthe basic operation of the 8273. Each oper- 
ation, whether it is a frame transmission, reception or 
port read, etc., is comprised of three phases: the Com- 
mand, Execution, and Result phases. Figure 5 shows 
the sequence of these phases. As an illustration of this 
sequence, let us look at the transmit operation. 


611001-6 


Figure 5. 8273 Operational 
Phases 


When the CPU decides it is time to transmit a frame, 
the Command phase is entered by the CPU issuing a 
Transmit Frame command to the 8273. It is not suffi- 
cient to just instruct the 8273 to transmit. The frame 
level command structure sometimes requires more in- 
formation such as frame length and address and control 
field content. Once this additional information is sup- 
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CPU Interface 
plied, the Command 
phase is complete 
and the Execu- 
tion phase 
is entered. 
It is during 
the Execution 
phase 
that the actual 
operation, 
in this case a frame transmis- 
sion, takes place. The 8273 transmits 
the opening 
flag, 
A and 
C fields, 
the specified 
number 
of I field bytes, 
inserts 
the FCS, and closes with the closing 
flag. Once 
the closing 
flag is transmitted, 
the 8273 leaves the Exe- 
cution 
phase 
and begins 
the Result 
phase. 
During 
the 
Result 
phase the 8273 notifies 
the CPU of the outcome 
of the command 
by supplying 
interrupt 
results. 
In this 
case, the results 
would be either 
that the frame is com- 
plete or that some error 
condition 
causes the transmis- 
sion to be aborted. 
Once 
the CPU 
reads 
all of the re- 
sults 
(there 
is 
only 
one 
for 
the 
Transmit 
Frame 
command), 
the 
Result 
phase 
and 
consequently 
the 
operation, 
is complete. 
Now 
that 
we have 
a general 
feeling for the operation 
of the 8273, let us discuss 
the 
8273 in detail. 


HARDWARE 
ASPECTS 
OF THE 8273 


The 
8273 block diagram 
is shown 
in Figure 
6. It con- 
sists of two major interfaces: 
the CPU module 
interface 
and the modem 
interface. 
Let's 
discuss 
each 
interface 
separately. 


The CPU 
interface 
consists 
of four major 
blocks: 
Con- 
trol/Read/Write 
logic 
(C/R/W), 
internal 
registers, 


data 
transfer 
logic, and data bus buffers. 


The 
CPU 
module 
utilizes 
the 
C/R/W 
logic 
to issue 
commands 
to the 8273. Once the 8273 receives 
a com- 
mand 
and executes 
it, it returns 
the results 
(good/bad 
completion) 
of the 
command 
by way 
of the 
C/R/W 
logic. The C/R/W 
logic is supported 
~by seven ~sters 
which 
are addressed 
via the Ao, Ab 
RD, and WR sig- 
nals, in addition 
to CS. The Ao and A 1 signals are gen- 
erally 
derived 
from the two low order 
bits of the CPU 
module 
address 
bus while RD and WR are the normal 
I/O 
Read 
and Write 
signals 
found 
on the system 
con- 
trol 
bus. 
Figure 
7 shows 
the address 
of each 
register 
using the C/R/W 
logic. The function 
of each register 
is 
defined 
as follows: 


Address 
Inputs 
Control Inputs 


A1 
Aa 
CS-RD 
CS-WR 


0 
0 
Status 
Command 
0 
1 
Result 
Parameter 
1 
.0 
Txl/R 
Test Mode 
1 
1 
Rxl/R 
- 


Figure 7. 8273 Register 
Selection 
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RESULT 
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INTERFACE 


-T-- 
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Figure 6. 8273 Block Diagram 
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Command-8273 
operations are initiated by writing 
the appropriate command byte into this register. 


Parameter-Many 
commands require more informa- 
tion than found in the command itself. This additional 
information is provided by way of the parameter regis- 
ter. 


Immediate Result (Result}-The 
completion informa- 
tion (results) for commands which execute immediately 
are provided in this register. 


Transmit Interrupt Result (TxI/R)-Results 
of trans- 
mit operations are passed to the CPlJ in this register. 


ReceiverInterrupt Result (RxI/R)-Receive 
operation 
results are passed to the CPU via this register. 


Status-The 
general status of the 8273 is provided in 
this register. The Status register supplies the handshak- 
ing necessary during various phases of the 8273 opera- 
tion. 


Test Mode--This 
register provides a software reset 
function for the 8273. 


The commands, parameters, and bit definition of these 
registers are discussed in the following software section. 
Notice that there are not specific transmit or receive 
data registers. This feature is explained in the data 
transfer logic discussion. 


The final elements of the C/R/W 
logic are the inter- 
rupt lines (RxINT and TxINT). These lines notify the 
CPU module that either the transmitter or the receiver 
requires service; i.e., results should be read from the 
appropriate interrupt result register or a data transfer is 
required. The interrupt request remains active until all 
the associated interrupt results have been read or the 
data transfer is performed. Though using the interrupt 
lines relieves the CPU module of the task of polling the 
8273 to check if service is needed, the state of each 
interrupt line is reflected by a bit in the Status register 
and non-interrupt driven operation is possible by exam- 
ining the contents of these bits periodically. 


The 
8273 supports two independent 
data interfaces 
through the data transfer logic; receive data and trans- 
mit data. These interfaces are programmable for either 
DMA or non-DMA data transfers. While the choice of 
the configuration is up to the system designer, it is 
based on the intended maximum data rate of the com- 


munications channel. Figure 8 illustrates the transfer 
rate of data bytes that are acquired by the 8273 based 
on link data rate. Full-duplex data rates above 9600 
baud usually require DMA. Slower speeds mayor may 
not require DMA depending on the task load and inter- 
rupt response time of the processor. 


Figure 9 shows the 8273 in a typical DMA environ- 
ment. Notice that a separate DMA controller, in this 
case the Intel 8257, is required. The DMA controller 
supplies the timing and addresses for the data transfers 
while the 8273 manages the requesting of transfers and 
the actual counting of the data block lengths. In this 
case, elements of the data transfer interface are: 


TxDRQ: Transmit DMA Request-Asserted 
by the 
8273, this line requests a DMA transfer from memory 
to the 8273 for transmit. 


TxDACK: Transmit DMA Acknowledge-Returned 
by 
the 8257 in response to TxDRQ, this line notifies the 
8273 that a request has been granted, and provides ac- 
cess to the transmitter data register. 


RxDRQ: ReceiveDMA Request-Asserted 
by the 8273, 
it requests a DMA transfer from the 8273 to memory 
for a receive operation. 


RxDACK: Receive DMA Acknowledge--Returned by 
the 8257, it notifies the 8273 that a receive DMA cycle 
has been granted, and provides access to the receiver 
data register. 


RD: Read-Supplied 
by the 8257 to indicate data is to 
be read from the 8273 and placed in memory. 


WR: Write-Supplied 
by the 8257 to indicate data is to 
be written to the 8273 from memory. 


To request a DMA transfer the 8273 raises the appro- 
priate DMA request line; let us assume it is a transmit- 
ter request (TxDRQ). Once the 8257 obtains control of 
the system bus by way of its HOLD and HLDA (hold 
acknowledge) lines, it notifies the 8273 that TxDRQ 
has been granted by returning TxDACK and WR. The 
TxDACK and WR signals transfer data to the 8273 for 
a transmit, independent of the 8273 chip select pin 
(CS). A similar sequence of events occurs for receiver 
requests. This "hard select" of data into the transmitter 
or out of the receiver alleviates the need for the normal 
transmit and receive data registers addressed by a com- 
bination of address lines, CS, and WR or RD. Competi- 
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tive devices that do not have this "hard select" feature 
require the use of an external multiplexer to supply the 
correct inputs for register selection during DMA. (Do 
not forget that the SDLC controller sees both the ad- 
dresses and control signals supplied by the DMA con- 
troller during DMA cycles.) Let us look at typical 
frame transmit and frame receive sequences to better 
see how the 8273 truly manages the DMA data trans- 
fer. 


Before a frame can be transmitted, the DMA controller 
is supplied, by the CPU, the starting address for the 
desired information field. The 8273 is then commanded 
to transmit a frame. (Just how this is done is covered 
later during our software discussion.) After the com- 
mand, but before transmission begins, the 8273 needs a 
little more information (parameters). Four parameters 
are required for the transmit frame command: the ad- 
dress field byte, the control field byte, and two bytes 
which are the least significant and most significant 
bytes of the information field byte length. Once all four 
parameters are loaded, the 8273 makes RTS (Request- 
to-Send) active and waits for CTS (Clear-to-Send) to go 
active. Once CTS is active, the 8273 starts the frame 
transmission. While the 8273 is transmitting the open- 
ing flag, address field, and control field; it starts making 
transmitter DMA requests. These requests continue at 
character (byte) boundaries until the pre-loaded num- 
ber of bytes of information field have been transmitted. 


At this point the requests stop, the FCS and closing flag 
are transmitted, and the TxINT line is raised, signaling 
the CPU that the frame transmission i.scomplete. No- 
tice that after the initial command and parameter load- 
ing, absolutely no CPU intervention was required (since 
DMA is used for data transfers) until the entire frame 
was transmitted. Now let's look at a frame reception. 
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Figure 
8. Byte Transfer 
Rate vs Baud Rate 
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Figure 
9. DMA, Interrupt-Driven 
System 
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The receiver operation is very similar. Like the initial 
transmit sequence, the DMA controller is loaded with a 
starting address for a receiver data buffer and the 8273 
is commanded to receive. Unlike the transmitter, there 
are two different receive commands: General Receive, 
where all received frames are transferred to memory, 
and Selective Receive, where only frames having an ad- 
dress field matching one of two preprogrammed 8273 
address fields are transferred to memory. Let's assume 
for now that we want to general receive. After the re- 
ceive command, two parameters are required before the 
receiver becomes active: the least significant and most 
significant bytes of the receiver buffer length. Once 
these bytes are loaded, the receiver is active and the 
CPU may return to other tasks. The next frame appear- 
ing at the receiver input is transferred to memory using 
receiver DMA requests. When the closing flag is re- 
ceived, the 8273 checks the FCS and raises its RxINT 
line. The CPU can then read the results which indicate 
if the frame was error-free or not. (If the received frame 
had been longer than the pre-Ioaded buffer length, the 
CPU would have been notified of that occurrence earli- 
er with a receiver error interrupt. The command de- 
scription section contains a complete list of error condi- 
tions.) Like the transmit example, after the initial com- 
mand, the CPU is free for other tasks until a frame is 
completely received. These examples have illustrated 
the 8273's management of both the receiver and trans- 
mitter DMA channels. 


It is possible to use the DMA data transfer interface in 
a non-DMA interrupt-driven environment. In this case, 
4 interrupt levels are used: one each for TxlNT and 
RxINT, and one each for TxDRQ and RxDRQ. This 
configuration is shown in Figure 10. This configuration 
offers the advantages that no DMA controller is re- 


quired and data requests are still separated from result 
(completion) requests. The disadvantages of the config- 
uration are that 4 interrupt levels are required and that 
the CPU must actually supply the data transfers. This, 
of course, reduces the maximum data rate compared to 
the configuration based strictly on DMA. This system 
could use an Inte! 8259 8-level Priority Interrupt Con- 
troller to supply a vectored CALL (subroutine) address 
based on requests on its inputs. The 8273 transmitter 
and receiver make data requests by raising the respec- 
tive DRQ line. The CPU is interrupted by the 8259 and 
vectored to a data transfer routine. This routine either 
writes (for transmit) or reads (for receive) the 8273 us- 
ing the respective TxDACK 
or RxDACK 
line. The 
DACK lines serve as "hard" chip selects into and out 
ofthe 8273. TxDACK + WR writes data into the 8273 
for transmit. RxDACK 
+ RD reads data from the 
8273 for receive.) The CPU is notified of operation 
completion and results by way of TxINT and RxINT 
lines. Using the 8273, and the 8259, in this way, pro- 
vides a very effective, yet simple, interrupt-driven inter- 
face. 


Figure II illustrates a system very similar to that de- 
scribed above. This system utilizes the 8273 in a non- 
DMA data transfer mode as opposed to the two DMA 
approaches shown in Figures 9 and 10. In the non- 
DMA case, data transfer requests are made on the 
TxINT and RxINT lines. The DRQ lines are not used. 
Data transfer requests are separated from result re- 
quests by a bit in the Status register. Thus, in response 
to an interrupt, the CPU reads the Status register and 
branches to either a result or a data transfer routine 
based on the status of one bit. As before, data transfers 
are made via using the DACK lines as chip selects to 
the transmitter and receiver data registers. 
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Figure 10. Interrupt-Based 
DMA System 
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Figure 11. Non-DMA 
Interrupt-Driven 
System 
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Figure 12. Polled System 


Figure 12 illustrates the simplest system of all. This 
system utilizes polling for all data transfers and results. 
Since the interrupt pins are reflected in bits in the 
Status register, the software can read the Status register 
periodically lookingfor one of these to be set. If it finds 
an INT bit set, the appropriate Result Available bit is 
examined to determine if the "interrupt" 
is a data 
transfer or completion result. If a data transfer is called 
for, the DACK line is used to enter or read the data 
from the 8273. If the interrupt is a completion result, 
the appropriate result register is read to determine the 
good/bad completion of the operation. 


The actual selection of either DMA or non-DMA 
modes is controlled by a command issued during ini- 
tialization. This command is covered in detail during 
the software discussion. 


The final block of the CPU module interface is the 
Data Bus Buffer. This block supplies the tri-state, bidi- 
rectional data bus interface to allow communication to 
and from the 8273. 


Modem Interface 


As the name implies, the modem interface is the mo- 
dem side of the 8273. It consists of two major blocks: 
the modem control block and the serial data timing 
block. 


The modem control block provides both dedicated and 
user-defined modem control functions. All signals sup- 
ported by this interface are active low so that EIA in- 
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verting 
drivers 
(MCI488) 
and 
inverting 
receivers 
(MCI489) may be used to interface to standard mo- 
dems. 


Port A is a modem control input port. Its representa- 
tion on the data bus is shown in Figure 13. Bits DOand 
D1 have dedicated functions. Do reflects the logical 
state of the ers (Clear-to-Send) pin. [If ers is active 
(low), DO is a I.J This signal is used to condition the 
start of a transmission. The 8273 waits until ers is 
active before it starts transmitting a frame. While trans- 
mitting, if ers goes inactive, the frame is aborted and 
the CPU is interrupted. When the CPU reads the inter- 
rupt result, a CTS failure is indicated. 


D1 reflects the logical state of the CD (Carrier Detect) 
pin. CD is used to condition the start of a frame recep- 
tion. CD must be active in time for a frame's address 
field. If CD is lost (goes inactive) while receiving a 
frame, an interrupt is generated with a CD failure re- 
sult. CD may go inactive between frames. 


Bits D2 thru D4 reflect the logical state of the PA2 thru 
PA4 'pins respectively. These inputs are user defined. 
The 8273 does not interrogate or manipulate these bits. 
Bits D5, D6, and D7 are not used and each is read as a I 
for a Read Port A command. 


Port B is a modem control output port. Its data bus 
representation is shown in Figure 14. As in Port A, the 
bit values represent the logical condition of the pins. DO 
and Rl..are dedicated function o~ts. 
Do represents 
the RTS (Request-to-Send) pin. RTS is normally used 
to notify the modem that the 8273 wishes to transmit. 


This function is handled automatically by the 8273. If 
RTS is inactive (pin is high) when the 8273 is com- 
manded to transmit, the 8273 makes it active and then 
waits for ers before transmitting the frame. One byte 
time after the end of the frame, the 8273 returns RTS to 
its inactive state. However, if RTS was active when a 
transmit command is issued, the 8273 leaves it active 
when the frame is complete. 


Bit D5 reflects the state of the Flag Detect pin. This pin 
is activated whenever an active receiver sees a flag char- 
acter. This function is useful to activate a timer for line 
activity timeout purposes. 


Bits D1 thru D4 provide four user-defined outputs. Pins 
PB1 thru PB4 reflect the logical state of these bits. The 
8273 does not interrogate or manipulate these bits. D6 
and D7 are not used. In addition to being able to output 
to Port B, Port B may be read using a Read Port B 
command. All Modem control output pins are forced 
high on reset. (All commands mentioned in this section 
are covered in detail later.) 


The final block to be covered is the serial data timing 
block. This block contains two sections: the serial data 
logic and the digital phase locked loop (DPLL). 


Elements of the serial data logic section are the data 
pins, TxD (transmit data output) and RxD (receive 
data input), and the respective data clocks, TxC and 
RxC. The transmit and receive data is synchronized by 
the TxC and RxC clocks. Figure 15 shows the timing 
for these signals. The leading edge (negative transition) 


11~ 
CTS - 
CLEAR TO SEND 
CD - 
CARRIER DETECT 
::~I USER·DEFINED 
INPUTS 
-------PA4 
611001-13 


Figure 13. Port A (Input) Bit Definition 
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Figure 14. Port B (Output) Bit Definition 
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of TxC generates new transmit data and the trailing 
edge (positive transition) of RxC is used to capture the 
receive data. 


611001-15 


Figure 15. Transmit/Receive 
Timing 


It is possible to reconfigure this section under program 
control to perform diagnostic functions; both data and 
clock loopback are available. In data loopback mode, 
the TxD pin is internally routed to the RxD pin. This 
allows simple board checkout since the CPU can send 
an SDLC message to itself. (Note that transmitted data 
will still appear on the TxD pin.) 


When data loopback is utilized, the receiver may be 
presented incorrect sample timing (RxC) by the exter- 


nal circuitry. Clock loopback overcomes this problem 
by allowing the internal routing ofTxC and RxC. Thus 
the same clock used to transmit the data is used to 
receive it. Examination of Figure 15 shows that this 
method ensures bit synchronism. The final element of 
the serial data logic is the Digital Phase Locked Loop. 


The DPLL provides a means of clock recovery from 
the received data stream. This feature allows the 8273 
to interface without external synchronizing logic to low 
cost asynchronous 
modems (modems which do not 


supply clocks). It also makes the problem of clock tim- 
ing in loop configurations trivial. 


To use the DPLL, a clock at 32 times the required baud 
rate must be supplied to the 32X CLK pin. This clock 
provides the interval that the DPLL samples the re- 
ceived data. The DPLL uses the 32X clock and the 
received data to generate a pulse at the DPLL output 
pin. This DPLL pulse is positioned at the nominal cen- 
ter of the received data bit cell. Thus the DPLL output 
may be wired to RxC and/or TxC to supply the data 
timing. The exact position of the pulse is varied depend- 
ing on the line noise and bit distortion of the received 
data. The adjustment of the DPLL position is deter- 
mined according to the rules outlined in Figure 16. 


Adjustments to the sample phase of DPLL with respect 
to the received data is made in discrete increments. Re- 
ferring to Figure 16, following the occurrence of DPLL 
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Figure 16. DPLL Phase Adjustments 
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pulse A, the DPLL counts 32X CLK pulses and exam- 
ines the received data for a data edge. Should no edge 
be detected in 32 pulses, the DPLL positions the next 
DPLL pulse (B) at 32 clock pulses from pulse A. Since 
no new phase information is contained in the data 
stream, the sample phase is assumed to be at nominal 
1X baud rate. Now assume a data edge occurs after 
DPLL pulse B. The distance from B to the next pulse C 
is influenced according to which quadrant (AI> BI' 
B2' 


or A2) the data edge falls in. (Each quadrant represents 
8 32X CLK times.) For example, if the edge is detected 
in quadrant AI> it is apparent that pulse B was too close 
to the data edge and the time to the next pulse must be 
shortened. The adjustment for quadrant Al is specified 
as - 2. Thus, the next DPIT pulse, pulse C, is posi- 
tioned 32 - 
2 or 30 32X CLK pulses following DPLL 
pulse B. This adjustment moves pulse C closer to the 
nominal bit center of the next received data cell. A data 
edge occurring in quadrant B2 would have caused the 
adjustment to 'be small, namely 32 + I or 33 32X 
CLK pulses. Using this technique, the DPLL pulse 
converges to the nominal bit center within 12data tran- 
sitions, 
worse case-4-bit 
times 
adjusting 
through 
quadrant 
Al or A2 and 8-bit times adjusting through 
BI or B2. 


When the receive data stream goes idle after 15 ones, 
DPLL pulses are generated at 32 pulse intervals of the 
32X CLK. This feature allows the DPLL pulses to be 
used as both transmitter and receiver clocks. 


In order to guarantee sufficient transitions of the re- 
ceived data to enable the DPLL to lock, NRZI encod- 
ing of the data is recommended. This ensures that, 
within a frame, data transitions occur at least every five 
bit times-the 
longest sequence of Is which may be 


transmitted with zero bit insertion. It is also recom- 
mended that frames following a line idle be transmitted 
with preframe sync characters which provide a mini- 
mum of 12 transitions. This ensures that the DPLL is 
generating DPLL pulses at the nominal bit centers in 
time for the opening flag. (Two OOH characters meet 
this 
requirement 
by supplying 
16 transitions 
with 
NRZI encoding. The 8273 contains a mode which sup- 
plies such a preframe sync.) 


Figure 17 illustrates 8273 clock configurations using 
either synchronous or asynchronous modems. Notice 
how the DPLL output is used for both TxC and RxC in 
the asynchronous case. This feature eliminates the need 
for external clock generation logic where low cost asyn- 
chronous modems are used and also allows direct con- 
nection of 8273s for the ultimate in low cost data links. 
The configuration for loop applications is discussed in a 
following section. 


This completes our discussion of the hardware aspects 
of the 8273. Its software aspects are now discussed. 
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Figure 17. Serial Data Timing Configuration 


SOFTWARE 
ASPECTS 
OF THE 8273 


The software aspects of the 8273 involve the communi- 
cation of both commands from the CPU to the 8273 
and the return of results of those commands from the 
8273 to the CPU. Due to the internal processor archi- 
tecture of the 8273, this CPU-8273 communication is 
basically a form of interprocessor communication. Such 
communication usually requires a form of protocol of 
its own. This protocol is implemented through use of 
handshaking supplied in the 8273 Status register. The 
bit definition of this register is shown in Figure 18. 


hi 
RA - 
f.INT 
RESULT 
AVAILABLE 


RdRA 
- 
R.,Nl 
RESULT 
AVAILABLE 


L~=~==== 
hiNT 
- 
h 
INTERRUPT 
'hiNT 
- 
R. 
INTERRUPT 


CRBF 
- 
COMMAND 
RESULT 
- 
BUFFER FUll 


'--------- 
CPBF 
- 
COMMAND 
PARAMETER 


BUFFER 
FULL 
L~==========C8F- COMMAND 
BUFFEA 
FULL 
easy - 
COMMAND 
BUSY 
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Figure 18. Status Register 
Format 
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CBSY: Command Busy---CBSY indicates when the 
8273 is in the command phase. CBSY is set when the 
CPU writes a command into the Command register, 
starting the Command phase. It is reset when the last 
parameter is deposited in the Parameter register and 
accepted by the 8273, completing the Command phase. 


CBF: Command Buffer Full-When 
set, this bit indi- 


cates that a byte is present in the Command register. 
This bit is normally not used. 


CPBF:Command ParameterBuffer Full-This 
bit in- 
dicates that the Parameter register contains a parame- 
ter. It is set when the CPU deposits a parameter in the 
Parameter register. It is reset when the 8273 accepts the 
parameter. 


CRBF: Command Result Buffer Full-This 
bit is set 


when the 8273 places a result from an immediate type 
command in the Result register. It is reset when the 
CPU reads the result from the Result register. 


RxINT: Receiver Interrupt-The 
state of the RxINT 


pin is reflected by this bit. RxINT is set by the 8273 
whenever the receiver needs servicing. RxINT is reset 
when the CPU reads the results or performs the data 
transfer. 


TxINT: Transmitter Interrupt-This 
bit is identical to 


RxINT except action is initiated based on transmitter 
interrupt sources. 


RxIRA: ReceiverInterrupt Result Available-RxIRA 
is 
set when the 8273 places an interrupt result byte into 
the RxI/R 
register. RxIRA 
is reset when the CPU 


reads the RxI/R register. 


TxIRA: 
Transmitter Interrupt 
Result 
Available- 


TxIRA is the corresponding Result Available bit for 
the transmitter. It is set when the 8273 places an inter- 
rupt result byte in the TxI/R 
register and reset when 


the CPU reads the register. 


The significance of each of these bits will be evident 
shortly. Since the software requirements of each 8273 
phase are essentially independent, each phase is covered 
separately. 


Command 
Phase Software 


Recalling the Command phase description in an earlier 
section, the CPU starts the Command phase by writing 
a command byte into the 8273 Command register. If 
further information about the command is required by 
the 8273, the CPU writes this information into the Pa- 
rameter register. Figure 19 is a flowchart of the Com- 
mand phase. Notice that the CBSY and CPBF bits of 
the Status register are used to handshake the command 
and parameter bytes. Also note that the chart shows 
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Figure 19. Command 
Phase Flowchart 


that a command may not be issued if the Status register 
indicates the 8273 is busy (CBSY = 1). If a command 
is issued while CBSY = 1, the original command is 
overwritten and lost. (Remember that CBSY signifies 
the command phase is in progress and not the actual 
execution of the command.) The flowchart also in- 
cludes a Parameter butTer full check. The CPU must 
wait until CPBF = 0 before writing a parameter to the 
Parameter register. If a parameter is issued while CPBF 
= I, the previous parameter is overwritten and lost. 
An example of command output assembly language 
software is provided in Figure 20a. This software as- 
sumes that a command butTer exists in memory. The 
butTer is pointed at by the HL register. Figure 20b 
shows the command buffer structure. 


The 8273 is a full duplex device, i.e., both the transmit- 
~erand receiver may be executing commands or passing 
interrupt results at any given time. (Separate Rx and Tx 
interrupt pins and result registers are provided for this 
reason.) However, there is only one Command register. 
Thus, the Command register must be used for only one 
command sequence at a time and the transmitter and 
receiver may never be simultaneously in a command 
phase. A detailed description of the commands and 
their parameters is presented in a following section. 
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;FUNCTION: 
COMMAND 
DISPATCHER 
;INPUTS: HL - COMMAND 
BUFFER 
ADDRESS 
;OUTPUTS: NONE 
;CALLS: NONE 
;DESTROYS: A,B,H,L,F/F'S 
;DESCRIPTION: 
CMDOUT 
ISSUES 
THE COMMAND 
+ PARAMETERS 
;IN THE COMMAND 
BUFFER 
POINTED 
AT BY HL 


CMDOUT: 
LXI 
H,CMDBUF 
;POINT HL AT BUFFER 
MOV 
B,M 
;lST ENTRY 
IS PAR. 
COUNT 
INX 
H 
;POINT AT COMMAND 
BYTE 
CMDl: 
IN 
STAT73 
;READ 8273 
STATUS 
RLC 
;ROTATE CBSY INTO CARRY 
JC 
CMDl 
;WAIT UNTIL 
CBSY=O 
MOV 
A,M 
;MOVE COMMAND 
BYTE 
TO A 
OUT 
COMM73 
;PUT COMMAND 
IN COMMAND 
REG 
CMD2: 
MOV 
A,B 
;GET PARAMETER 
COUNT 
ANA 
A 
;TEST IF ZERO 
RZ 
;IF 0 THEN DONE 
INX 
H 
;NOT DONE, 
SO POINT AT NEXT PAR 
DCR 
B 
;DEC PARAMETER 
COUNT 
CMD3: 
IN 
STAT73 
;READ 8273 
STATUS 
ANI 
CPBF 
;TEST CPBF BIT 
JNZ 
CMD3 
;WAIT UNTIL 
CPBF IS 0 
MOV 
A,M 
;GET PARAMETER 
FROM BUFFER 
OUT 
PARM73 
;OUTPUT PAR TO PARAMETER 
REG 
JMP 
CMD2 
;CHECK IF MORE PARAMETERS 


Figure 20A. Command 
Phase Software 


Execution Phase Software 
+4 
PARAMETER 
3 


+3 
PARAMETER 
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+2 
PARAMETER 
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+1 
COMMAND 


CMDBUF: 
PARAMETER 
COUNT 
-HL 


During the Execution phase, the operation specified by 
the Command phase is performed. If the system utilizes 
DMA for data transfers, there is no CPU involvement 
during this phase, so no software is required. If non- 
DMA data transfers are used, either interrupts or poll- 
ing is used to signal a data transfer request. 


For interrupt-driven 
transfers the 8273 raises the ap- 
propriate INT pin. When responding to the interrupt, 
Figure 20B. Command 
Buffer Format 
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the CPU must determine whether it is a data transfer 
request or an interrupt signaling that an operation is 
complete and results are available.· The CPU deter- 
mines the cause by reading the Status register and inter- 
rogating 
the 
associated 
IRA 
(Interrupt 
Result 
Available) bit (TxIRA 
for TxINT 
and RxIRA 
for 
RxINT). 
If the IRA 
= 0, the interrupt 
is a data 
transfer request. If the IRA 
= 
I, an operation is 
complete and the associated Interrupt Result register 
must be read to determine the completion status (good/ 
bad/etc.). 
A software interrupt handler implementing 
the above sequence is presented as part of the Result 
phase software. 


When polling is used to determine when data transfers 
are required, the polling routine reads the Status regis- 
ter looking for one of the INT bits to be set. When a set 
INT bit is found, the corresponding IRA bit is exam- 
ined. Like in the interrupt-driven case, if the IRA = 0, 
a data transfer is required. If IRA = I, an operation is 
complete and the Interrupt Result register needs to be 
read. Again, example polling software is presented in 
the next section. 


Result Phase Software 


During the Result phase the 8273 notifies the CPU of 
the outcome of a command. The Result phase is initiat- 
ed by either a successful completion of an operation or 
an error detected during execution. Some commands 
such as reading or writing the I/O ports provide imme- 
diate results, that is, there is essentially no delay from 
the issuing of the command and when the result is 
available. Other commands such as frame transmit, 
take time to complete so their result is not available 
immediately. Separate result registers are provided to 
distinguish these two types of commands and to avoid 
interrupt handling for simple results. 


Immediate results are provided in the Result register. 
Validity of information in this register is indicated to 
the CPU by way of the CRBF bit in the Status register. 
When the CPU completes the Command phase of an 
immediate command, it polls the Status register waiting 
until CRBF = 1. When this occurs, the CPU may read 
the Result register to obtain the immediate result. The 
Result register provides only the results from immedi- 
ate commands. 


Example software for handling immediate results is 
shown in Figure 21. The routine returns with the result 
in the accumulator. The CPU then uses the result as is 
appropriate. 


All non-immediate 
commands 
deal with either the 
transmitter or receiver. Results from these commands 
are provided in the TxI/R (Transmit Interrupt Result) 
and RxI/R (Receive Interrupt Result) registers respec- 
tively. Results in these registers are conveyed to the 
CPU by the TxIRA and RxIRA bits of the status regis- 
ter. Results of non-immediate commands consist of one 
byte result interrupt code indicating the condition for 
the interrupt and, if required, one or more bytes supply- 
ing additional information. The interrupt codes and the 
meaning of the additional results are covered following 
the detailed command description. 


Non-immediate results are passed to the CPU in re- 
sponse to either interrupts or polling of the Status regis- 
ter. Figure 22 illustrates an interrupt-driven result han- 
dler. (Please note that all of the software presented in 
this application note is not optimized for either speed or 
code efficiency. They are provided as a guide and to 
illustrate concepts.) This handler provides for inter- 
rupt-driven data transfers as was promised in the last 
section. Users employing DMA-based transfers do not 


;FUNCTION: 
IMDRLT 
;INPUTS: NONE 
;OUTPUTS: RESULT 
REGISTER 
IN A 
;CALLS: NONE 
;DESTROYS: A. F/F'S 
;DESCRIPTION: 
IMDRLT 
IS CALLED AFTER 
A CMDOUT 
FOR AN 
;IMMEDIATE 
COMMAND 
TO READ 
THE RESULT 
REGISTER 


IMDRLT: 
IN 
ANI 
JZ 
IN 
RET 


STAT 73 
CRBF 
IMDRLT 
RESL73 
;RETURN 


;READ 8273 
STATUS 
;TEST IF RESULT 
REG READY 
;WAIT IF CRBF=O 
;READ RESULT 
REGISTER 


Figure 21. Immediate 
Result Handler 
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:FUNCTION; 
RXI 
- 
INTERRUPT 
DRIVEN 
RESULT/DATA 
HANDLER 


,INPUTS: 
RCRBUF* 
RCVPNT 


i CALLS: 
NONE 


,OUTPUTS: 
ReRBUF. 
RCVPNT 


;DESTROYS: 
HOTHINe; 
;DESCRIPTION: 
RU 
IS 
ENTERED 
AT 
A 
RECEIVER 
INTt:RRUPT. 
;THE 
INTERRUPT 
IS 
TESTED 
FOR DATA 
TRANSFER 
(IRA"'8) 


;OR 
RESULT, 
(IRA-i). 
FOR 
DATA 
TRANSFER, 
THE 
CATA 
IS 
;PLACED 
IN 
A 'BUFFER 
AT 
RCVPNT. 
RESULTS 
ARE 
PLACED 
IN 
; A 
BUFFER 
AT 
ReRSUF. 
;A 
FLAC(RXFLAG) 
IS 
SET 
IF 
THE 
INTERRUPT 
WAS 
A 
RESULT. 
; (DATA 
TRANSFER 
INSTRUCTIONS 
ARE 
DENOTED BY 
C-) 
'AND 


:MAYBE 
ELIMINATED 
BY 
USLRS 
USING 
OM". 


AXI: 


AXIl: 


AXI2: 


I<XI4: 


AXIl: 


PUSH 
PUSH 
PUSH 
IN 
ANI 
J' 
LHLO 
IN 
ANI 
JZ,. 
ANI 
J' 
IN 
"OV 
INX 
5HLO 
JHP 
SHLD 
IN 
"OV 
INX 
'"P 
.VI 
STA 
POP 
POP 
POP 
El 
R£1' 


H 
PSW 
8 
STAT71 
RXlRA 
AXI2 
RC(l:BUF 
STAT11 
RUNT 
RXI4 
STAT71 
RXIRA 
RUl 
RXIR71 
H.A 
H 
RCJi.BUf' 
RXIl 
RCVPhT 
RCVliAT 
".A 
H 
RxIl 
A,ruM 
RXFLAG 
8 
psw 
H 
.EhABLE 
;DONE 


:SAVE 
HL 
. 


;SAVE 
PSW 
;SAVE 
8 


; 
(- I 
REAC 
8271 
STA1'US 
, 
(e) 
1'I::S1' 
IRA 
BIT 
; 
(-) 
If 
fit, 
OA1'A 
1'RAt.SFEk 
Ntot:CEO 
,GET 
RES liLT 
BUFFt:k 
PUlN11;;R 
;ROC 
8211 
STATUS 
ACAlt. 


;TEST 
INT 
8IT 
;IF 
I, 
'J'HU, 
[;ONE. 


;READ 
8211 
STATUS 
AGAIN 


;TEST 
IHA 
AGAIN 


;LOOP 
UNllL 
RI:.SliLT 
IS 
J;.EAO), 


;REAOY, 
READ 
RXI/R 


;STORt: 
Rl!ioliLT 
Ih 
BUFfER 
;BUMP 
Rt:SULT 
i>OHiTER 


; RESTORE 
BUFFER 
POINt 
ER 


;GO 
BACtt 
TO 
SEE 
If 
HOkE:. 


(e) 
csr 
DATA 
BUFFER 
POINTER 
; 
(e) 
RlAC 
DATA 
VIA 
RXCACtt 
, 
I-I 
51'ORE 
CA1'A 
It. 
BIJFFlk 


; 
(-) 
BliMP 
DATA 
POH .•TEft 
; 
(-, 
CONE 
:SET 
RX 
FLAG 
Tu 
SHOW 
COMPLE1'ION 


;COHPLlTION 
; RESTORE 
BC 


,RESTORl 
PS" 


; RESTORl 
HL 
INTERRUPTS 


;nhC1IvN: 
1XI 
- 
IkTLHkUP1' 
DRIVlN 
RlSULT/DATA 
HANDLEk 
; Ihf'lITS: 
lX£o.BUF. 
TXPNT. 
TXFLAG 
iOUTPU1'S: 
TXJ;.BUF, 
TXf •••T, 
TXFLAG 


,(;ALL~: 
hONE. 


;r..lSTkOYS: 
NOTHING 


;l:..lSCRIPTIuh: 
TU 
IS 
ENTERED 
AT 
A 
TRAhSMI1'TER 
INTERRUPT. 


;lhE. 
INTERMUn 
IS 
TES1'Et 
BY 
WAY or 
Tri£ 
IRA 
BIT 
TO 
S1.£ 


; IF 
A 
CATA 
TRANSFE.R 
OR 
RESliLT 
COMPLETION 
HAS 
OCCUREC. 
;FOR 
tATA 
1RAt.SFERS 
(UtA-S), 
THE 
DATA 
IS 
OBTAINED 
FltOM 


;A 
BUf'Fkok 
LOCATION 
POINTEC 
AT 
BY 
TXPN1'. 
fOR 
COMPLETION, 


; (lRA"I). 
Tri£ 
RESULTS 
ARE 
REAr; 
AND 
PLACEC 
AT 
A 
RESULT 


; 6IJfHR 
POINTEL 
AT 
BY rxssur , 
ANe 
THE 
TXfLAG 
IS 
SET 


;TU 
IhLICA1t:: 
TO 
THl 
HAlt. 
PROGRAM 
THAT 
A OPERATION 
IS 


;COHPLlTf.. 
TX 
OPlRATIOI'4S 
HAVE 
ONLY 
ONE 
RESULT. 


;LA'l'A 
TRAhSFER 
INSTRUCTIONS 
ARE 
OENOTEO 
BY 
C-). 
THESE 


;f'lA'tbl 
REMuVlt 
BY 
USlRS 
USING 
OMA. 


'IXI: 


rxr i . 


TAI2: 


PUSH 
PliSri 
'" 
ANIJ' 
IN 
LtiLC 
HOV 
INX 
SHLD 
"VI 
S'l'A 
POP 
1'01'., 
RET 
LI1LC 
"OV 
OUT 
'NX 
SHLC 
J"P 


H 
PS" 
STAT71 
TXIRA 
TU2 
TXlR71 
TXRBUF 
".A 
H 
TXRBUF 
A,81H 
TXFLAG 
PS~ 
H 
;ENABLE 
; DONE 
TXPhT 
A." 
TXDATA 
H 
TXPNT 
Txtl 


;SAVE 
HL 
,SAVE 
PSW 
; 
(-) 
Rf.AD 
8211 
STATUS 
; 
1-) 
TEST 
TXIRA 
BIT 
; 
C-I 
If 
I, 
DATA 
TRANSfER 
,1, 
THEN 
REAt 
TXIR 


;GET 
RESULT 
BUFfER 
POINTER 


:STORE 
RESULT 
IN 
BUfFER 


:BUMP 
RESULT 
POINTER 


: RESTORE 
RESULT 
POINTER 


,SET 
TXfLAC 
TO 
SH~ 
COMPLETION 
,SET 
FLAG 


: RESTORE 
PSW 


;RESTORE 
HL 
INTERRUPTS 
(-I GET 
DATA 
POIhTER 
(-) 
GET 
DATA 
FROM 
BUFFER 
(-) 
OUTPUT 
TO 
8271 
VIA 
TXDACK 
C-I 
BUMP 
OATA 
POINTER 
(el 
RESTORE 
POIHTER 
1-) 
RETURN 
AfTER 
RESTORE 
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Figure 22. Interrupt-Driven 
Result 
Handlers with Non-DMA Data Transfers 


need the lines where the IRA bit is tested for zero. 
(These lines are denoted by an asterisk in the comments 
column.) Note that the INT bit is used to determine 
when all results have been read. All results must be 
read. Otherwise, the INT bit (and pin) will remain high 
and further interrupts may be missed. These routines 


place the results in a result buffer pointed 
at by 


RCRBUF and TxRBUF. 


A typical result handler for systems utilizing polling is 
shown in Figure 23. Data transfers are also handled by 
this routine. This routine utilizes the routines of Figure 
22 to handle the results. 


At this point, the reader should have a good conceptual 
feel about how the 8273 operates. It is now time for the 
particulars of each command to be discussed. 


POLOF: 
PUSh 
MVI 


POLOPl, 
I. 
ANI 
JZ 
IN 
ANl 
JNZ 
CALL 
LOA 
CPI 
JNZ 
INR 
INk 
JMP 
;TRY 
AGAIN 


; FUNCTION: 
POLOP 


;INPUTS: 
NONE 


;OUTPUTS: 
c~e 
(NO 
STATUS), 
-I 
(RX 
COMPLETION), 


; 
&2 
(TX 
COMPLETION), 
~1 
(80TH) 


-;CALLS: 
TXI, 
RXI 


:OESTROYS: 
B,C 


;O~SCkIPTION: 
POLOP 
IS 
CALLED 
TO 
POLL 
THE 
8271 
FOR 


;DATA 
TRANSFERS 
AND COMPLETION 
RESULTS. 
THE 


; ROU'·INES 
TXl 
AND RXI 
ARE 
USED 
FOR 
THE 
ACTUAL 


;TRANSf~R5 
AND BUFFER 
WORK. 
POLOP 
RETURNS 


;ThE 
S'·ATUS 
OF 
THEIR 
ACTION. 


PSW 
C,liHtH 
STAT11 
IN1' 
PEXIT 
STA.·71 
RXINT 
RXIC 
TXI 
TXFLAG 
01H 
PEXlT 
C 
C 
POLOP1 


;SAVE 
PSW 


;CLEAR 
C 


; READ 
8271 
STATUS 
:ARE 
TXINT 
OR 
RXINT 
SET? 
:1010, 
EXIT 
; READ 
8271 
STATUS 
;T~ST 
RX 
INT 
:YES, 
GO 
SERVICE 
RX 
;MUST 
BE 
TX. 
GO SERVICE 
IT 
;GET 
TX 
FLAG 
;WAS 
IT 
A COMPLETION? 
(e1) 


:NO, 
SO 
JUST 
EXIT 
oYES, 
UPDATE 
C 


kXIC: 
CALL 
LOA 
CPI 
JNZ 
INR 
JMP 


RXl 
RXFLAG 
01H 
PEXIT 
C 
POLOPl 


iGO 
SERVICE 
RX 
:GET 
RX 
FLAG 
; ••AS 
IT 
A COMPLETION? 
(01) 


:NO, 
SO 
JUST 
EXIT 
; YI;;S, 
UPDATE 
C 
:TRY 
AGAIN 


PEXIT: 
POP 
Rt;1' 


PSW 
; l<~S'"oRE 
PSW 


;R~TURh 
"ITH 
COMP. 
STATUS 
I' 
C 
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Figure 23. Polling Result Handler 


8273 COMMAND 
DESCRIPTION 


In this section, each command is discussed in detail. In 
order to shorten the notation, please refer to the com- 
mand key in Table 1. The 8273 utilizes five different 
command types: Initialization/Configuration, 
Receive, 


Transmit, Reset, and Modem Control. 


Table 1.Command Summary Key 


Bo.B1 


Ro.R1 
Lo. L1 


A1.A2 


RIC 


TIC 


A 


C 


-LSB 
and MSB of Receive 
Buffer 
Length 


-LSB 
and MSB of Received 
Frame Length 


-LSB 
and MSB of Transmit 
Frame Length 


-Match 
Addresses 
for Selective 
Receive 


-Receiver 
Interrupt 
Result Code 


-Transmitter 
Interrupt 
Result Code 


-Address 
Field of Received 
Frame 


-Control 
Field of Received 
Frame 
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Initialization/Configuration 
Commands 


AP-36 


The Initialization/Configuration 
commands manipu- 
late registers internal to the 8273 that define the various 
operating modes. These commands either set or reset 
specified bits in the registers depending on the type of 
command. One parameter is required. Set commands 
perform 
a logical OR operation 
of the parameter 
(mask) and the internal register. This mask contains Is 
where register bits are to be set. A "0" in the mask 
causes no change in the corresponding register bit. Re- 
set commands perform a logical ANO operation of the 
parameter 
(mask) and the internal register, i.e., the 
mask is "0" to reset a register bit and a "I" to cause no 
change. Before presenting the commands, the register 
bit definitions are discussed. 


Operating 
Mode Register (Figure 24) 


07-06: Not Used-These bits must not be manipulat- 
ed by any command; i.e., 07-06 must be 0 
for the Set command and I for the Reset com- 
mand. 
HDLC Abort-When 
this bit is set, the 8273 
will interrupt when 7 Is (HOLC Abort) are 
received by an active receiver. When reset, an 
SOLC Abort (8 Is) will cause an interrupt. 
EOP Interrupt-Reception of an EOP charac- 
ter (0 followed by 7 Is) will cause the 8273 to 
interrupt the CPU when this bit is set. Loop 
controller stations use this mode as a signal 
that a polling frame has completed the loop. 
No EOP interrupt is generated when this bit is 
reset. 


05: 


Early Tx Interrupt-This 
bit specifies when 
the transmitter 
should generate an end of 
frame interrupt. If this bit is set, an interrupt is 
generated when the last data character 
has 
been passed to the 8273. If the user software 
issues another transmit command within two 
byte times, the final flag interrupt does not oc- 
cur and the new frame is transmitted 
with 
only one flag of separation. If this restriction is 
not met, more than one flag will separate the 
frames and a frame complete interrupt is gen- 
erated after the closing flag. If the bit is reset, 
only the frame complete interrupt occurs. This 
bit, when set, allows a single flag to separate 
consecutive frames. 
Buffered Addressand Control-When set, the 
address and control fields of received frames 
are buffered in the 8273 and passed to the 
CPU as results after a received frame interrupt 
(they are not transferred to memory with the 
information field). On transmit, the A and C 
fields are passed to the 8273 as parameters. 
This 
mode 
simplifies 
buffer 
management. 


When this bit is reset, the A and C fields are 


passed to and from memory as the first two 
data transfers. 


0\: 
Preframe Sync-When 
set, the 8273 prefaces 
each transmitted 
frame with two characters 
before the opening flag. These two characters 
provide 16 transitions to allow synchroniza- 
tion of the opposing receiver. To guarantee 16 
transitions, the two characters are 55H-55H 
for non-NRZI mode (see Serial I/O Register 
description) 
or OOH-OOHfor NRZI 
mode. 
When reset, no preframe characters are trans- 
mitted. 


00: 
Flag Stream-When 
set, the transmitter will 
start sending flag characters as soon as it is 
idle; i.e., immediately if idle when the com- 
mand is issued or after a transmission if the 
transmitter is active when this bit is set. When 
reset, the transmitter starts sending Idle char- 
acters on the next character boundary if idle 
already, or at the end of a transmission if ac- 
tive. 


FLAT STREAM MODE 


PREFRAME SYNC MODE 
'----- 
BUFFERED MODE 
'-------EAAly 
lit INTERRUPT 
ENABLE 


'-------- 
EOP INTERRUPT ENABLE 
'---------HOlC 
ABORT ENABLE 
'-----------HOT 
useD 
- 
DO NOT CHANGE 
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Figure 24. Operating 
Mode Register 


Serial 110 Mode Register (Figure 25) 


07-03: Not Used-These bits must be 0 for the Set 
command and I for the Reset command. 


02: 
Data Loopback-When 
set, transmitted 
data 
(TxO) is internally routed to the receive data 
circuitry. When reset, TxO and RxO are inde- 
pendent. 


0\: 
ClockLoopback-When set, TxC is internally 
routed to RxC. When reset, the clocks are in- 
dependent. 
00: 
NRZI (Non-Return to Zero Inverted-When 
set, the 8273 assumes the received data is 
NRZI encoded, and NRZI encodes the trans- 
mitted data. When reset, the received and 
transmitted data are treated as a normal posi- 
tive logic bit stream. 


Data Transfer 
Mode Register 
(Figure 26) 


07-0\: Not Used-These bits must be 0 for the Set 
command and I for the Reset command. 
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intJ 


DO: 


AP-36 


Interrupt Data Transfer-When set, the 8273 
will interrupt the CPU when data transfers are 
required (the corresponding IRA Status regis- 
ter bit will be 0 to signify a data transfer inter- 
rupt rather than a Result phase interrupt). 
When reset, 8273 data transfers are performed 
through 
DMA 
requests on the DRQ pins 


without interrupting the CPU. 
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Figure 25. Serial 110 Mode Register 


07 
06 
05 
0.. 
03 
02 
0, 
DO 


~ 
~ 
INTERRUPT DATA TRANSFERS 
~L 
----NOT 
USED - 
00 NOTCHANGE 
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Figure 26. Data Transfer 
Mode Register 


One Bit Delay Register (Figure 27) 


D7: 
One Bit Delay-When 
set, the 8273 retrans- 
mits the received data stream one bit delayed. 
This mode is entered and exited at a received 
character boundary. When reset, the transmit- 
ted and received data are independent. This 
mode is utilized for loop operation and is dis- 
cussed in a later section. 


D6-DO: Not Used-These bit must be 0 for the Set 
command and 1 for the Reset command. 


Figure 27. One Bit Delay Mode Register 


Figure 28 shows the Set and Reset commands associat- 
ed with the above registers. The mask which sets or 
resets the desired bits is treated as a single parameter. 
These commands do not interrupt nor provide results 
during the Result phase. After reset, the 8273 defaults 
to all of these bits reset. 


Command 
Hex 
Parameter 
Register 
Code 


One Bit Delay 
Set 
A4 
Set Mask 
Mode 
Reset 
64 
Reset Mask 


Data Transfer 
Set 
97 
Set Mask 
Mode 
Reset 
57 
Reset Mask 


Set 
91 
Set Mask 
Operating 
Mode 
Reset 
Reset Mask 
51 


Serial I/O Mode 
Set 
AO 
Set Mask 


Reset 
60 
Reset Mask 


Figure 28. Initialization/Configuration 
Command 
Summary 


Receive Commands 


The 8273 supports three receive commands plus a re- 
ceiver disable function. 


General Receive 


When commanded to General Receive, the 8273 passes 
all frames either to memory (DMA mode) or to the 
CPU (non-DMA mode) regardless of the contents of 
the frame's address field. This command is used for 
primary and loop controller stations. Two parameters 
are required: Bo and BI. These parameters are the LSB 
and MSB of the receiver buffer size. Giving the 8273 
this extra information alleviates the CPU of the burden 
of checking for buffer overflow. The 8273 will interrupt 
the CPU if the received frame attempts to overfill the 
allotted buffer space. 


Selective 
Receive 


In Selective Receive, two additional parameters besides 
Bo and BI are required: AI and A2. These parameters 
are two address match bytes. When commanded to Se- 
lective Receive, the 8273 passes to memory or the CPU 
only those frames having an address field matching ei- 
ther AI or A2. This command is usually used for sec- 
ondary stations with AI being the secondary address 
and A2 is the "All Parties" address. If only one match 
byte is needed, AI and A2 should be equal. As in Gen- 
eral Receive, the 8273 counts the incoming data bytes 
and interrupts the CPU if Bo, BI is exceeded. 


Selective 
Loop Receive 


This command is very similar in operation to Selective 
Receive except that One Bit Delay mode must be set 
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and that the loop is captured by placing transmitter in 
Flag Stream mode automatically after an EOP charac- 
ter is detected following a selectively received frame. 
The details of using the 8273 in loop configurations is 
discussed in a later section so please hold questions un- 
til then. 


first two data transfers and Ro, R I reflect the informa- 
tion field length plus two. 


Receive Disable 


The receiver may also be disabled using the Receive 
Disable command. This command terminates any re- 
ceive operation immediately. No parameters 
are re- 


quired and no results are returned. 


The handling of interrupt results is common among the 
three commands. When a frame is received without er- 
ror, i.e., the FCS is correct and CD (Carrier Detect) 
was active throughout 
the frame or no attempt was 


made to overfill the buffer; the 8273 interrupts the CPU 
following the closing flag to pass the completion re- 
sults. These results, in order, are the receiver interrupt 
result code (RIC), and the byte length of the informa- 
tion field of the received frame (Ro, RI)' If Buffered 
mode is selected, the address and control fields are 
passed as two additional results. If Buffered mode is not 
selected, the address and control fields are passed as the 


The details for the Receive command are shown in Fig- 
ure 29. The interrupt result code key is shown in Figure 
30. Some explanation of these result codes is appropri- 
ate. 


The interrupt result code is the first byte passed to the 
CPU in the RxI/R 
register during the Result phase. 


Bits 04-00 define the cause of the receiver interrupt. 
Since each result code has specific implications, they 
are discussed separately below. 


Command 
Hex 
Parameters 
Results' 


Code 
Rxl/R 


General Receive 
CO 
Bo,Bl 
RIC, Ro, Rl' A, C 
Selective 
Receive 
C1 
Bo, Bl' Al' 
A2 
RIC, Ro, Rl' A, C 
Selective 
Loop Receive 
C2 
Bo, s., Al' 
A2 
RIC, Ro, Rl' A, C 
Disable Receiver 
C5 
None 
None 


"NOTE: 
A and C are passed 
as results 
only in buffered 
mode. 


Figure 
29. Receiver 
Command 
Summary 


RIC 
Receiver 
Interrupt 
Result 
Code 
RxStatus 
07-00 
After 
INT 


• 
00000 
Al Match or General Receive 
Active 


• 
00001 
A2 Match 
Active 
000 
00011 
CRC Error 
Active 
000 
00100 
Abort Detected 
Active 
000 
00101 
Idle Detected 
Disabled 
000 
00110 
EOP Detected 
Disabled 
000 
00111 
Frame < 32 Bits 
Active 
000 
01000 
DMA Overrun 
Disabled 
000 
01001 
Memory Buffer Overflow 
Disabled 
000 
01010 
Carrier Detect Failure 
Disabled 
000 
01011 
Receiver 
Interrupt Overrun 
Disabled 
'07-05 
Partial 
Byte Received 


111 
All 8 Bits of Last Byte 
000 
Do 
100 
01-00 
010 
02-00 
110 
03-00 
001 
04-00 
101 
05-00 


I·, 


011 
06-00 


Figure 
30. Receiver 
Interrupt 
Result 
Codes 
(RIC) 
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The first two result codes result from the error-free re- 
ception of a frame. If the frame is received correctly 
after a General Receive command, the first result is 
returned. If either Selective Receive command was used 
(normal or loop), a match with A\ generates the first 
result code and a match with A2 generates the second. 
In either case, the receiver remains active after the in- 
terrupt; however, the internal buffer size counters are 
not reset. That is, if the receive command indicated 100 
bytes were allocated to the receive buffer (Bo, B\) and 
an 80-byte frame was received correctly, the maximum 
next frame size that could be received without recom- 
manding the receiver (resetting Bo and B\) is 20 bytes. 
Thus, it is common practice to recommand the receiver 
after each frame reception. DMA 
and/or 
memory 
pointers are usually updated at this time. (Note that 
users who do not wish to take advantage. of the 8273's 
buffer management features may simply use Ba, B\ = 
OFFH for each receive command. Then frames of 65K 
bytes may be received without buffer overflow errors.) 


The third result code is a CRC error. This indicates 
that a frame was received in the correct format (flags, 
etc.); however, the received FCS did not check with the 
internally generated FCS. The frame should be discard- 
ed. The receiver remains active. (Do not forget that 
even though an error condition has been detected, all 
frame information up until that error has either been 
transferred to memory or passed to the CPU. This in- 
formation should be invalidated. This applies to all re- 
ceiver error conditions.) Note that the FCS, either 
transmitted or received, is never available to the CPU. 


The Abort Detect result occurs whenever the receiver 
sees either an SDLC (8 Is) or an HDLC (7 Is), depend- 
ing on the Operating Mode register. However, the in- 
tervening Abort character between a closing flag and an 
Idle does not generate an interrupt. If an Abort charac- 
ter (seen by an active receiver within a frame) is not 
preceded by a flag and is followed by an idle, an inter- 
rupt will be generated for the Abort, followed by an 
Idle interrupt one character time later. The Idle Detect 
result occurs whenever 15 consecutive Is are received. 
After the Abort Detect interrupt, the receiver remains 
active. After the Idle Detect interrupt, the receiver is 
disabled and must be recommanded 
before further 


frames may be received. 


If the EOP Interrupt bit is set in the Operating Mode 
register, the EOP Detect result is returned whenever an 
EOP character is' received. The receiver is disabled, so 
the Idle following the EOP does not generate an Idle 
Detect interrupt. 


The minimum number of bits in a valid frame between 
the flags is 32. Fewer than 32 bits indicates an error. If 
Buffered mode is selected, such frames are ignored, i.e., 
no data transfers or interrupts are generated. In non- 
Buffered mode, a < 32-bit frame generates an interrupt 


with the < 32-bit frame result since data transfers may 
already have disturbed the 8257 or interrupt handler. 
The receiver remains active. 


The DMA Overrun results from the DMA controller 
being too slow in extracting data from the 8273, i.e., the 
RxDACK 
signal is not returned before the next re- 
ceived byte is ready for transfer. The receiver is dis- 
abled if this error condition occurs. 


The Memory Buffer Overflow result occurs when the 
number of received bytes exceeds the receiver buffer 
length supplied by the Ba and B\ parameters in the 
receive command. The receiver is disabled. 


The Carrier Detect Failure result occurs when the CD 
pin ~ 
high (inactive) during reception of a frame. 
The CD pin is used to qualify reception and must be 
active by the time the address field starts to be received. 
If CD is lost during the frame, a CD Failure interrupt 
is generated and the receiver'is disabled. No interrupt is 
generated if CD goes inactive between frames. 


If a condition occurs requiring an interrupt be generat- 
ed before the CPU has finished reading the previous 
interrupt results, the second interrupt is generated after 
the current Result phase is complete (the RxINT pin 
and status bit go low then high). However, the inter- 
rupt result for this second interrupt will be a Receive 
Interrupt Overrun. The actual cause of the second in- 
terrupt is lost. One case where this may occur is at the 
end of a received frame where the line goes idle. The 
8273 generates a received frame interrupt after the clos- 
ing flag and then IS-bit times later, generates an Idle 
Detect interrupt. If the interrupt service routine is slow 
in reading the first interrupt's 
results, the internal 
RxI/R 
register still contains result information when 
the Idle Detect interrupt occurs. Rather than wiping 
out the previous results, the 8273 adds a Receive Inter- 
rupt Overrun result as an extra result. If the system's 
interrupt structure is such that the second interrupt is 
not acknowledged (interrupts are still disabled from the 
first interrupt), the Receive Interrupt Overrun result is 
read as an extra result, after those from the first inter- 
rupt. If the second interrupt is serviced, the Receive 
Interrupt Overrun is returned as a single result. (Note 
that the INT pins supply the necessary transitions to 
support a Programmable Interrupt Controller such as 
the Intel 8259. Each interrupt generates a positive-go- 
ing edge on the appropriate INT pin and the high level 
is held until the interrupt is completely serviced.) In 
general, it is possible to have interrupts occurring at 
one character time intervals. Thus the interrupt han- 
dling software must have at least that much response 
and service time. 


The occurrence of Receive Interrupt Overruns is an in- 
dication of marginal software design; the system's inter- 
rupt response and servicing time is not sufficient for the 
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data rates being attempted. It is advisable to configure 
the interrupt handling software to simply read the in- 
terrupt results, place them into a buffer, and clear the 
interrupt as quickly as possible. The software can then 
examine the buffer' for new results at its leisure, and 
take appropriate 
action. This can easily be accom- 


plished by using a result buffer flag that indicates when 
new results are available. The interrupt handler sets the 
flag and the main program resets it once the results are 
retrieved. 


Both SDLC and HDLC allow frames which are of arbi- 
trary length (>32 
bits). The 8273 handles this N-bit 
reception through the high order bits (D7-DS) of the 
result code. These bits code the number of valid re- 
ceived bits in the last received information field byte. 
This coding is shown in Figure 30. The high order bits 
of the received partial byte are indeterminate. [The ad- 
dress, control, and information fields are transmitted 
least significant bit (Aa) first. The FCS is complement- 
ed and transmitted most significant bit first.] 


Transmit Commands 


The 8273 transmitter is supported by three Transmit 
commands and three corresponding Abort commands. 


Transmit Frame 


The Transmit 
Frame 
command simply transmits 
a 
frame. Four parameters are required when Buffered 
mode is selected and two when it is not. In either case, 
the first two parameters are the least and the most sig- 
nificant bytes of the desired frame length (La, Lj), In 
Buffered mode, La and Lj equal the length in bytes of 
the desired information field, while in the non-Buffered 
mode, La and Lj must be specified at the information 
field length plus two. (La and Lj specify the number of 
data transfers to be perfonned.) In Buffered mode, the 
address and control fields are presented to the transmit- 
ter as the third and fourth parameters respectively. In 
non-Buffered mode, the A and C fields must be passed 
as the first two data transfers. 


When the Transmit Frame command is issued, the 
8273 makes RTS .(Request-to-Send) active (pin low) if 
it was not already. It then waits until CTS (Clear-to- 
Send) goes active (pin low) before starting the frame. If 
the Preframe Sync bit in the Operating Mode register is 
set, the transmitter prefaces two characters (16 tran- 
sitions) before the opening flag. If the Flag Stream bit is 
set in the Operating Mode register, the frame (including 
Preframe Sync if selected) is started on a flag boundary. 
Otherwise the frame starts on a character boundary. 


At the end of the frame, the transmitter interrupts the 
CPU (the interrupt results are discussed shortly) and 


returns to either Idle or Flag Stream, depending on the 
Flag Stream bit of the Operating Mode register. IfRTS 
was active before the transmit command, the 8273 does 
not change it. If it was inactive, the 8273 will deactivate 
it within one character time. 


Loop Transmit 


Loop Transmit is 'similar to Frame Transmit (the pa- 
rameter definition is the same). But since it deals with 
loop configurations, One Bit Delay mode must be se- 
lected. 


If the transmitter is not in Flag Stream mode when this 
command is issued, the transmitter waits until after a 
received EOP character has been converted to a flag 
(this is done automatically) before transmitting. (The 
one bit delay is, of course, suspended during transmit.) 
If the transmitter is already in Flag Stream mode as a 
result of a selectively received frame during a Selective 
Loop Receive command, transmission will begin at the 
next flag boundary for Buffered mode or at the third 
flag boundary for non-Buffered mode. This discrepancy 
is to allow time for enough data transfers to occur to fill 
up the internal transmit buffer. At the end of a Loop 
Transmit, the One Bit Delay mode is re-entered and the 
flag stream mode is reset. More detailed loop operation 
is covered later. 


Transmit Transparent 


The Transmit Transparent command enables the 8273 
to transmit a block of raw data. This data is without 
SDLC protocol, i.e., no zero bit insertion, flags, or 
FCS. Thus it is possible to construct and transmit a Bi- 
Sync message for front-end processor switching or to 
construct and transmit an SDLC message with incor- 
rect FCS for diagnostic purposes. Only the La and Lj 
parameters are used since there are not fields in this 
mode. (The 8273 does not support a Receive Transpar- 
ent command.) 


Abort Commands 


Each of the above transmit commands has an associat- 
ed Abort command. The Abort Frame Transmit com- 
mand causes the transmitter to send eight contiguous 
ones (no zero bit insertion) immediately and then revert 
to either idle or flag streaming based on the Flag 
Stream bit. (The 8 1s as an Abort character is compati- 
ble with both SDLC and HDLC.) 


For Loop Transmit, the Abort Loop Transmit com- 
mand causes the transmitter to send one flag and then 
revert to one bit delay. Loop protocol depends upon 
FCS errors to detect aborted frames. 
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The Abort Transmit Transparent 
simply causes the 
transmitter to revert to either idles or flags as a func- 
tion of the Flag Stream mode specified. 


The Abort commands require no parameters, however, 
they do generate an interrupt and return a result when 


. complete. 


A summary of the Transmit commands is shown in 
Figure 31. Figure 32 shows the various transmit inter- 
rupt result codes. As in the receiver operation, the 
transmitter generates interrupts based on either good 
completion of an operation or an error condition to 
start the Result phase. 


The Early Transmit Interrupt 
result occurs after the 
last data transfer to the 8273 if the Early Transmit In- 
terrupt bit is set in the Operating Mode register. If the 
8273 is commanded to transmit again within two char- 
acter times, a single flag will separate the frames. (Buff- 
ered mode must be used for a single flag to separate the 
frames. If non-Buffered mode is selected, three flags 
will separate the frames.) If this time constraint is not 
met, another interrupt is generated and multiple flags 
or idles will separate the frames. The second interrupt 
is the normal Frame Transmit Complete interrupt. The 
Frame Transmit Complete result occurs at the closing 
flag to signify a good completion. 


The DMA Underrun result is analogous to the DMA 
Overrun result in the receiver. Since SDLC does not 


support intraframe time fill, if the DMA controller or 
CPU does not supply the data in time, the frame must 
be aborted. The action taken by the transmitter on this 
error is automatic. It aborts the frame just as if an 
Abort command had been issued. 


Clear-to-Send Error result is generated if CTS goes in- 
active during a frame transmission. The frame is abort- 
ed as above. 


The Abort Complete result is self-explanatory. Please 
note however that no Abort Complete interrupt is gen- 
erated when an automatic abort occurs. The next com- 
mand type consists of only one command. 


Reset Command 


The Reset command provides a software reset function 
for the 8273. It is a special case and does not utilize the 
normal command interface. The reset facility is provid- 
ed in the Test Mode register. The 8273 is reset by sim- 
ply outputting a OIH followed by a OOH to the Test 
Mode register. Writing the 0\ followed by the 00 mim- 
icks the action required by the hardware reset. Since 
the 8273 requires time to process the reset internally, at 
least 10 cycles of the <j>CLKclock must occur between 
the writing of the 01 and the 00. The action taken is the 
same as if a hardware reset is performed, namely: 
1) The modem control outputs are forced high inactive. 


Command 
Hex 
Parameters' 
Results 


I 
Code 
Txl/R 


Transmit 
Frame 
C8 
Lo, L1' A, C 
TIC 
Abort 
CC 
None 
TIC 


Loop Transmit 
CA 
Lo, L1' A, C 
TIC 
Abort 
CE 
None 
TIC 


Transmit 
Transparent 
CO 
Lo, L1 
TIC 
Abort 
CD 
None 
TIC 


'NOTE: 
A and C are passed 
as parameters 
in buffered 
mode only. 
Figure 31. Transmitter 
Command 
Summary 


RIC 
Transmitter 
Interrupt 
Tx Status 
07-00 
Result 
Code 
after 
INT 


00001100 
Early Tx Interrupt 
Active 
00001101 
Frame Tx Complete 
Idle or Flags 
00001110 
DMA Underrun 
Abort 
00001111 
Clear to Send Error 
Abort 
00010000 
Abort Complete 
Idle or Flags 


Figure 32. Transmitter 
Interrupt 
Result 
Codes 


2-318 


inter 
AP-36 


2) The 8273 Status 
register 
is cleared. 


3) Any commands 
in progress 
cease. 


4) The 8273 enters an idle state until the next command 


is issued. 


Modem Control Commands 


The modem 
control 
ports 
were discussed 
earlier 
in the 
Hardware 
section. 
The commands 
used to manipulate 
these ports 
are shown 
in Figure 
33. The Read 
Port 
A 
and 
Read 
Port 
B commands 
are 
immediate. 
The 
bit 
definition 
for the returned 
byte is shown 
in Figures 
13 
and 14. 00 not forget that the returned 
value represents 
the logical condition 
of the pin, i.e., pin active (low) = 
bit set. 


The Set and Reset Port 
B commands 
are similar 
to the 
Initialization 
commands 
in that 
they 
use a mask 
pa- 
rameter 
which 
defines 
the bits to be changed. 
Set Port 
B utilizes 
a logical 
OR mask 
and Reset 
Port 
B uses a 
logical 
ANO 
mask. 
Setting 
a bit makes .the I?in active 
(low). Resetting 
the bit deactivates 
the pm (high), 


To help clarify 
the numerous 
timing 
relationships 
that 
occur 
and 
their 
consequences, 
Figures 
34 and 
35 are 
provided 
as an illustration 
of several 
typical 
se~uences. 


It is suggested 
that 
the reader 
go over these diagrams 
and 
re-read 
the 
appropriate 
part 
of the 
previous 
sec- 


tions if necessary. 


-HDLC CONSIDERATIONS 


The 8273 supports 
HOLC 
as well as SOLC. 
Let's 
dis- 
cuss 
how 
the 
8273 
handles 
the 
three 
basic 
HOLC/ 
SOLC 
differences: 
extended 
addressing, 
extended 
con- 
trol, and the 7 Is Abort 
character. 


Recalling 
Figure 
4a, HOLC 
supports 
an address 
field 
of indefinite 
length. 
The 
actual 
amount 
of extension 
used 
is determined 
by the 
least 
significant 
bit of the 
characters 
immediately 
following 
the opening 
flag. 
If 
the 
LSB is 0, more 
address 
field bytes 
follow. 
If the 


. LSB is I, this byte is the final address 
field byte. Soft- 
ware must be used to determine 
this extension. 


If non-Buffered 
mode is used, the A, C, and I fields are 
in memory. 
The software 
must examine 
the initial char- 
acters to find the extent of the address 
field. If Buffer.ed 
mode 
is used, 
the 
characters 
corresponding 
to 
the 
SOLC 
A and 
C fields are transferred 
to the CPU 
as 


interrupt 
results. 
Buffered 
mode assumes 
the two char- 
acters 
following 
the opening 
flag are to be transferred 
as interrupt 
results 
regardless 
of content 
or meaning. 


(The 8273 does not know whether 
it is being used in an 
SOLC 
or an 
HOLC 
environment.) 
In 
SOLC, 
these 
characters 
are necessarily 
the A and C field bytes, how- 
ever in HOLC, 
their 
meaning 
may change 
depending 
on the 
amount 
of extension 
used. 
The 
software 
must 
recognize 
this 
and 
examine 
the 
transferred 
results 
as 


possible 
address 
field extensions. 


Frames 
may still be selectively 
received 
as is needed 
for 


secondary 
stations. 
The Selective 
Receive 
command 
is 


still used. This command 
qualifies 
a frame reception 
on 
the first byte following 
the opening 
flag matching 
either 
of the AI or A2 match 
byte parameters. 
While this does 


not 
allow 
qualification 
over 
the 
complete 
range 
of 
HOLC 
addresses, 
it does perform 
a qualification 
on the 
first address 
byte. The remaining 
address 
field bytes, if 
any, are then examined 
via software 
to completely 
qual- 
ify the frame. 
. 


Once the extent of the address 
field is found, 
the follow- 
ing bytes 
form 
the 
control 
field. 
Tire same 
LSB test 
used 
for the address 
field is applied 
to these 
bytes 
to 


determine 
the control 
field extension, 
up to two bytes 


maximum. 
The remaining 
frame bytes in memory 
rep- 
resent 
the information 
field. 


The Abort 
character 
difference 
is handled 
in the Oper- 


ating 
Mode 
register. 
If the HOLC 
Abort 
Enable 
bi~ is 


set, the reception 
of seven contiguous 
ones by an active 


receiver 
will generate 
an Abort 
Detect 
interrupt 
rather 
than eight ones. (Note 
that both the HOLC 
Abort 
En- 


able 
bit and 
the 
EOP 
Interrupt 
bit must 
not 
be set 
simultaneously.) 


Now 
let's 
move 
on to the 
SOLC 
loop 
configuration 
discussion. 


Command 
Hex 
Parameter 
Reg 
Port 
Code 
Result 


A Input 
Read 
22 
None 
Port Value 


Read 
23 
None 
Port Value 


B Output 
Set 
A3 
Set Mask 
None 


Reset 
63 
Reset Mask 
None 


Figure 33. Modem Control 
Command 
Summary 
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CARRIER DETECT ~ 
\'--- 


RxD 


Rx COMMAND! 


OR~A~:~~~~~~~i~ 
~ 
~_A 
~t_C 
~!_'l 
_ 


NON·BUFFERED 
! 
FRAME 
!POSSIBLE 
IN~~=~~~~~ 
M__O_D_E 
~C~O~M~P~L~ET~E~ 
__ ~I~D~LE~INT 


A. Error-Free 
Frame 
Reception 
611001-25 


CARRIER DETECT ~ 


RxD 


Rx COMMAND 
t 
CD 
CD 
'N~~=~~~~~ 
F_A_'L_U_R_E~ 
~ 
~ 
__ ~~ 
__ ~ 
~_F_A_'L_U_R_E 
_ 


B. Carrier 
Detect 
Failure 
During 
Frame 
Reception 
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LOOP CONFIGURATION 


Figure 34. Sample Receiver 
Timing Diagrams 


Aside from use in the normal data link applications, the 
8273 is extremely attractive in loop configuration due 
to the special frame-level loop commands and the Digi- 
tal Phase Locked Loop. Toward this end, this section 
details the hardware and software considerations when 
using the 8273 in a loop application. 


The loop configuration otTers a simple, low-cost solu- 
tion for systems with multiple stations within a small 
physical location, i.e., retail stores and banks. There are 
two primary reasons to consider a loop configuration. 
The interconnect cost is lower for a loop over a multi- 
point configuration since only one twisted pair or fiber 
optic cable is used: (The loop configuration does not 
support the passing of distinct clock signals from sta- 
tion to station.) In addition, loop stations do not need 
the intelligence of a multi-point station since the loop 


protocol is simpler. The most difficult aspects of loop 
station design are clock recovery and implementation 
of one bit delay (both are handled neatly by the 8273). 


Figure 36 illustrates a typical loop configuration with 
one controller and two down-loop secondaries. Each 
station must derive its own data timing from the re- 
ceived data stream. Recalling our earlier discussion of 
the DPLL, notice that TxC and RxC clocks are provid- 
ed by the DPLL output. The only clock required in the 
secondaries is a simple, non-synchronized clock at 32 
times the desired baud rate. The controller requires 
both 32X and I X clocks. (The 1X is usually imple- 
mented by dividing the 32X clock with a 5-bit divider. 
However, there is no synchronism requirement between 
these clocks so any convenient implementation may be 
used.) 
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T. COMMAND! 


TxD 


RTS-.J 
L 
L 
eTS-----",,-----I 


lA 
le 
I~ I~ 
OR~~~:~~~~~~:~~------------'---,---,---------------------------------------------------- 


NON·BUFFERED 
I 
MODE 
IN~~;~~~i~__-------------------------------------------;"...:.----------..:..;.F;.:RA;.:M;.:E:....:e.:.O;.:M::..P=lET~E 
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A. Error-Free Frame Transmission 


1ST FRAME 


Tx COMMAND! 
2NO FRAME 
I I I I I 
111+ 
1 


TAD 


11. 
11. 
112 
OR~~~:~~~~~~~~~----------------"':'------------------------:---------------------------- 


tEARLY 
Ta 
IN~~:~~~~~----------------------------------------------------------------------- 
611001-28 


B. Diagram 
Showing 
Tx Command 
Queing 
and Early Tx Interrupt 
(Single 
flag between 
frames) 
Buffered 
Mode 
is Assumed 


Tx COMMAND I 


L 


eTs...:.,--_1 


OR~~~:~~~~~~~~ 
__----------I_A----_I_e----_I_I.----_11_2----I_'_3-------- 
_ 
leTs 
IN~~;~~~i~----------------------------------------~O~R~A~~~~~R~O~R--------------- 
ERROR 
INTERRUPT 
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C. CTS Failure 
(or other error) 
During Transmission 


Figure 35. Sample Transmitter Timing Diagrams 
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I 
I 


1.LOOP 
OSCILLATOR 
OR 
DIVIDER 
8273 
LOOP 
CONTROLLER 


RxD 
TxD 


RxD 
RxC 
TxC 
TxD 


8273 
8273 
LOOP 
TxD t--+--+---l 
RxD 
LOOP 
TERMINAL 
TERMINAL 


TxC 
RxC 
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Figure 36_ SOLe Loop Application 


A quick review of loop protocol is appropriate. 
All 
communication on the loop is controlled by the loop 
controller. When the controller wishes to allow the sec- 
ondaries to transmit, it sends a polling frame (the con- 
trol field contains a poll code) followed by an EOP 
(End-of-Poll) character. The secondaries use the EOP 
character to capture the loop and insert a response 
frame as will be discussed shortly. 


The secondaries normally operate in the repeater mode, 
retransmitting received data with one bit time of delay. 
All received frames are repeated. The secondary uses 
the one bit time of delay to capture the loop. 


When the loop is idle (no frames), the controller trans- 
mits continuous flag characters. This keeps transitions 
on the loop for the sake of down-loop phase locked 
loops. When the controller has a non-polling frame to 
transmit, it simply transmits the frame and continues to 
send flags. The non-polling frame is then repeated 
around the loop and the controller receives it to signify 
a complete traversal of the loop. At the particular sec- 
ondary addressed by the frame, the data is transferred 
to memory while being repeated. Other secondaries 
simply repeat it. 


If the controller wants to poll the secondaries, it trans- 
mits a polling frame followed by all Is (no zero bit 
insertion). The final zero of the closing frame plus the 
first seven Is form an EOP. While repeating, the secon- 
daries monitor their incoming line for an EOP. When 
an EOP is received, the secondary checks if it has any 
response for the controller. If not, it simply continues 
repeating. If the secondary has a response, it changes 
the seventh EOP one into a zero (the one bit time of 
delay allows time for this) and repeats it, forming a flag 
for the down-loop stations. After this flag is transmit- 
ted, the secondary terminates its repeater function and 
inserts its response frame (with multiple preceding flags 
if necessary). After the closing flag of the response, the 
secondary re-enters its repeater function, repeating the 
up-loop controller Is. Notice that the final zero of the 
response's closing flag plus the repeated Is from the 
controller form a new EOP for the next down-loop sec- 
ondary. This new EOP allows the next secondary to 
insert a response if it desires. This gives each secondary 
a chance to respond. 


Back at the controller, after the polling frame has been 
transmitted and the continuous Is started, the control- 
ler waits until it receives an EOP. Receiving an EOP 
signifies to the controller that the original frame has 
propagated around the loop followed by any responses 
inserted by the secondaries. At this point, the controller 
may either send flags to idle the loop or transmit the 
next frame. Let's assume that the loop is implemented 
completely with the 8273s and describe the command 
flows for a typical controller and secondary. 


The loop controller is initialized with commands which 
specify that the NRZI, Preframe Sync, Flag Stream, 
and EOP Interrupt modes are set. Thus, the controller 
encodes and decodes all data using NRZI format. Pre- 
frame Sync mode specifies that all transmitted frames 
be prefaced with 16 line transitions. This ensures that 
the minimum of 12 transitions needed by the DPLL to 
lock after an all Is line has occurred by the time the 
secondary sees a frame's opening flag. Setting the Flag 
Stream mode starts the transmitter sending flags which 
idles the loop. And the EOP Interrupt mode specifies 
that the controller processor will be interrupted when- 
ever the active receiver sees an EOP, indicating the 
completion of a poll cycle. 


When the controller wishes to transmit a non-polling 
frame, it simply executes a Frame Transmit command. 
Since the Flag Stream mode is set, no EOP is formed 
after the closing flag. When a polling frame is to be 
transmitted, a General Receive command is executed 
firs~. This enables the receiver and allows reception of 
all mcommg frames; namely, the original polling frame 
plus any response frames inserted by the secondaries. 
After the General Receive command, 
the frame is 
transmitted with a Frame Transmit command. When 
the frame is complete, a transmitter interrupt is gener- 
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ated. The loop controller processor uses this interrupt 
to reset Flag Stream mode. This causes the transmitter 
to start sending all Is. An EOP is formed by the last 
flag and the first 71s. This completes the loop control- 
ler transmit sequence. 


At any time following the start of the polling frame 
transmission the loop controller receiver will start re- 
ceiving frames. (The exact time difference depends, of 
course, on the number of down-loop secondaries due to 
each inserting one bit time of delay.) The first received 
frame is simply the original polling frame. However, 
any additional frames are those inserted by the secon- 
daries. The loop controller processor knows all frames 
have been received when it sees an EOP Interrupt. This 
interrupt is generated by the 8273 since the EOP Inter- 
rupt mode was set during initialization. At this point, 
the transmitter may be commanded either to enter Flag 
Stream mode, idling the loop, or to transmit the next 
frame. A flowchart of this sequence is shown in Figure 
37. 


oDENOTES 
COMMAND 
c:) DENOTES 
INTERRUPT 
CODE 
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Figure 37. Loop Controller Flowchart 


The secondaries are initialized with the NRZI and One 
Bit Delay modes set. This puts the 8273 into the repeat- 
er mode with the transmitter 
repeating the received 
data with one bit time of delay. Since a loop station 
cannot transmit until it sees an EOP character, any 
transmit command is queued until an EOP is received. 
Thus whenever the secondary wishes to transmit a re- 
sponse, a Loop Transmit command is issued. The 8273 
then waits until it receives an EOP. At this point, the 
receiver changes the EOP into a flag, repeats it, resets 
One Bit Delay mode stopping the repeater function, 
and sets the transmitter into Flag Stream mode. This 
captures the loop. The transmitter now inserts its mes- 
sage. At the closing flag, Flag Stream mode is reset, and 
One Bit Delay mode is set, returning the 8273 to re- 
peater function and forming an EOP for the next down- 
loop station'. These actions happen automatically after a 
Loop Transmit command is issued. 


When the secondary wants its receiver enabled, a Selec- 
tive Loop Receive command is issued. The receiver 
then looks for a frame having a match in the Address 
field. Once such a frame is received, repeated, and 
transferred to memory, the secondary's processor is in- 
terrupted with the appropriate Match interrupt result 
and the 8273 continues with the repeater function until 
an EOP is received, at which point the loop is captured 
as above. The processor should use the interrupt to de- 
termine if it has a message for the controller. If it does, 
it simply issues a Loop Transmit command and things 
progress as above. If the processor has no message, the 
software must reset the Flag Stream mode bit in the 
Operating Mode register. This will inhibit the 8273 
from capturing the loop at the EOP. (The match frame 
and the EOP may be separated in time by several 
frames depending on how many up-loop stations insert- 
ed messages of their own.) If the timing is such that the 
receiver has already captured the loop when the Flag 
Stream mode bit is reset, the mode is exited on a flag 
boundary and the frame just appears to have extra clos- 
ing flags before the EOP. Notice that the 8273 handles 
the queuing of the transmit commands and the setting 
and resetting of the mode bits automatically. Figure 38 
illustrates the major points of the secondary command 
sequence. 
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Figure 38. Loop Secondary Flowchart 


When an off-line secondary wishes to come on-line, it 
must do so in a manner which does not disturb data on 
the loop. Figure 39 shows a typical hardware interface. 
The line labeled Port could be one of the 8273 Port B 
outputs and is assumed to be high (1) initially. Thus up- 
loop data is simply passed down-loop with no delay; 
however, the receiver may still monitor data on the 
loop. To come on-line, the secondary is initialized with 
only the EOP Interrupt mode set. The up-loop data is 
then monitored until an EOP occurs. At this point, the 
secondary's CPU is interrupted with an EOP interrupt. 
This signals the CPU to set One Bit Delay mode in the 
8273 and then to set Port low (active). These actions 
switch the secondary's one bit delay into the loop. Since 
after the EOP only Is lire traversing the loop, no loop 
disturbance occurs. The secondary now waits for the 
next EOP, captures the loop, and inserts a "new on- 
line" message. This signals the controller that a new 
secondary exists and must be acknowledged. After the 
secondary receives its acknowledgement, the normal 
command flow is used. 


It is hopefully evident from the above discussion that 
the 8273 offers a very simple and easy to implement 
solution for designing loop stations whether they are 
controllers or down-loop secondaries. 


A.Dr------,------UP.lOOP 
DATA 


8213 


OOWN·looP 
DATA 
hDI----+------1, 


PORT I--- 
...•... 
-i::><>--' 
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Figure 39. Loop Interface 


APPLICATION 
EXAMPLE 


This section describes the hardware and software of the 
8273/8085 
system used to verify the 8273 implementa- 


tion of SDLC on an actual IBM SDLC Link. This IBM 
link was gratefully volunteered by Raytheon Data Sys- 
tems in Norwood, Mass. and I wish to thank them for 
their generous cooperation. The IBM system consisted 
of a 370 Mainframe, a 3705 Communications Proces- 
sor, and a 3271 Terminal Controller. A Comlink II 
Modem supplied the modem interface and all commu- 
nications took place at 4800 baud. In addition to ob- 
serving correct responses, a Spectron D601B Datascope 
was used to verify the data exchanges. A block diagram 
of the system is shown in Figure 40. The actual verifica- 
tion was accomplished by the 8273 system receiving 
and responding to polls from the 3705. This method 
was used on both point-to-point and multi-point config- 
urations. No attempt was made to implement any high- 
er protocol software over that of the poll and poll 
responses since such software would not affect the veri- 
fication of the 8273 implementation. As testimony to 
the ease of use of the 8273, the system worked on the 
first try. 


are 
MAINFRAME 


3705 
COMM. 


PROCESSOR 
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Figure 40. Raytheon Block Diagram 


An SDK-85 (System Design Kit) was used as the core 
8085 system. This system l?rovides up to 4K bytes of 
ROM/EPROM, 
512 bytes of RAM, 76 I/O pins, plus 
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two timers as provided in two 8755 Combination 
EPROM/I/O 
devices and 
two 
8155 Combination 
RAM/I/O/Timer 
devices. In addition, 5 interrupt in- 
puts are supplied on the 8085. The address, data, and 
control buses are butTeredby the 8212 and 8216 latches 
and bidirectional bus drivers. Although it was not used 
in this application, an 8279 Display Driver/Keyboard 
Encoder is included to interface the on-board display 
and keyboard. A block diagram of the SDK-85 is 
shown in Figure 41. The 8273 and associated circuitry 
was constructed on the ample wire-wrap area provided 
for the user. 


The example 8237/8085 system is interrupt-driven and 
uses DMA for all data transfers supervised by an 8257 
DMA Controller. A 2400 baud asynchronous line, im- 
plemented with an 8251A USART, provides communi- 
cation between the software and the user. 8253 Pro- 
grammable Interval Timer is used to supply the baud 
rate clocks for the 8251A and 8273. (The 8273 baud 
rate clocks were used only during initial system debug. 
In actual operation, the modem supplied these clocks 
via the RS-232 interface.) Two 2142 IK x 4 RAMs 
provided 512 bytes of transmitter and 512 bytes of re- 
ceiver butTer memory. (Command and result butTers, 


plus miscellaneous variables are stored in the 8155s.) 
The RS-232 interface utilized MCI488 and MCI489 
RS-232 drivers and receivers. The schematic of the sys- 
tem is shown in Figure 42. 


One detail to note is the DMA and interrupt structure 
of the transmit and receive channels. In both cases, the 
receiver is always given the higher priority (8257 DMA 
channel 0 has priority over the remaining channels and 
the 8085 RST 7.5 interrupt input has priority over the 
RST 6.5 input.) Although the choice is arbitrary, this 
technique minimizes the chance that 
received data 
could be lost due to other processor or DMA commit- 
ments. 


Also note that only one 8205 Decoder is used for both 
peripheral and memory Chip Select. This was done to 
eliminate separate memory and I/O decoders since it 
was known beforehand 
that 
neither 
address 
space 
would be completely filled. 


The 4 MHz crystal and 8224 Clock Generator were 
used only to verify that the 8273 operates correctly at 
that maximum spec speed. In a normal system, the 
3.072 MHz clock from the 8085 would be sufficient. 
(This fact was verified during initial checkout.) 
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8273 MONITOR V1.2 
The software consists of the normal monitor program 
supplied with the SDK-85 and a program to input com- 
mands to the 8273 and to display results. The SDK-85 
monitor allows the user to read and write on-board 
RAM, start execution at any memory location, to sin- 
gle-step through a program, and to examine any of the 
8085's internal registers. The monitor drives either the 
on-board keyboard/LED 
display or a serial TTY inter- 
face. This monitor was modified slightly in order to use 
the 8251A with a 2400 baud CRT as opposed to the 
110 baud normally used. The 8273 program imple- 
ments monitor-like user interface. 8273 commands are 
entered by a two-character code followed by any pa- 
rameters required by that command. When 8273 inter- 
rupts occur, the source of the interrupt is displayed 
along with any results associated with it. To gain a 
flavor of how the user/program 
interface operates, a 
sample output is shown in Figure 43. The 8273 pro- 
gram prompt character is a "-" 
and user inputs are 
underlined. 


The "SO 05" implements the Set Operating Mode com- 
mand with a parameter of 05H. This sets the Buffer and 
Flag Stream modes. "SS 01" sets the 8273 in NRZI 
mode using the Set Serial I/O Mode command. The 
next command specifies General Receiver with a re- 
ceiver buffer size ofOl00H bytes (Bo = 00, BI = 01). 
The "TF" 
command causes the 8273 to transmit a 
frame containing an address field of C2H and control 
field of l1H. The information field is 001122. The 
"TF" command has a special format. The Lo and LI 
parameters are computed from the number of informa- 
tion field bytes entered. 


After the TF command is entered, the 8273 transmits 
the frame (assuming that the modem protocol is ob- 
served). After the closing flag, the 8273 interrupts the 
8085. The 8085 reads the interrupt results and places 
.them in a buffer. The software examines this buffer for 
new results and if new results exist, the source of the 
interrupt is displayed along with the results. 


In this example, the ODH result indicates a Frame 
Complete interrupt. There is only one result for a trans- 
mitter interrupt, 
the interrupt's 
trailing zero results 
were included to simplify programming. 


The next event is a frame reception. The interrupt re- 
sults are displayed in the order read from the 8273. The 
EOH indicates a General Receive interrupt with the last 
byte of the information 
field received on an 8-bit 
boundary. The 03 00 (Ro, RI) results show that there 
are 3H bytes of information field received. The remain- 
ing two results indicate that the received frame had a 
C2H address field and a 34H control field. The 3 bytes 
of information field are displayed on the next line. 


.§Q...2l 
aJ!!.. 


GR 
00 01 
TF C2 11 00 11 22 


TxlNT 
- 
OD 00 00 00 00 


RxlNT 
- 
EO 03 00 C2 34 
FF EE 
DD 
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Figure 43. Sample 8273 Monitor 1/0 


Figures 44 through 51 show the flowcharts used for the 
8273 program development. The actual program listing 
is included as Appendix A. Figure 44 is the main status 
poll loop. After all devices are initialized and a prompt 
character displayed, a loop is entered at LOOPIT. This 
loop checks for a change of status in the result buffer or 
if a keyboard character has been received by the 8251 
or if a poll frame has been received. If any of these 
conditions are met, the program branches to the appro- 
priate routine. Otherwise, the loop is traversed again. 


The result buffer is implemented as a 255-byte circular 
buffer with 
two pointers: 
CNADR 
and 
LDADR. 
CNADR is the console pointer. It points to the next 
result to be displayed. LDADR is the load pointer. It 
points to the next empty position in the buffer into 
which the interrupt handler places the next result. The 
same buffer is used for both transmitter and receiver 
results. LOOPIT 
examines these pointers to detect 
when CNADR is not equal to LDADR indicating that 
the buffer contains results which have not been dis- 
played. When this occurs, the program branches to the 
DISPL Y routine. 


DISPL Y determines the source of the undisplayed re- 
sults by testing the first result. This first result is not 
necessarily the interrupt result code. If this result is 
OCH or greater, the result is from a transmitter inter- 
rupt. Otherwise it is from a receiver source. The source 
of the result code is then displayed on the console along 
with the next four results from the buffer. If the source 
was a transmitter interrupt, the routine merely repoints 
the pointer CNADR and returns to LOOPIT. For a 
receiver source, the receiver data buffer is displayed in 
addition to the receiver interrupt results before return- 
ing to LOOPIT. 
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Figure 44. Main Status Poll Loop 
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Figure 45. DISPLY Subroutine 
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Figure 46. GETCMD Subroutine 
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Figure 47. TF Subroutine 
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Figure 48. TxPOL Subroutine 
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Figure 49. COMM Subroutine 
with 
Command 
Buffer Format 


Figure 50. Txl (Transmitter 
Interrupt) 
Routine 


EXIT 
TO 
MONITOR 


611001-43 


If the result butTer pointers indicate an empty butTer, 
the 8251A is polled for a keyboard character. If the 
8251 has a character, GETCMD is called. There the 
character is read and checked if legal. Illegal characters 
simply cause a reprompt. Legal characters indicate the 
start of a command Input. Most commands are orga- 
nized as two characters signifying the command action; 
i.e., GR-General 
Receive. The software recognizes the 
two character command code and takes the appropriate 
action. For non-Transmit 
type commands, 
the hex 
equivalent of the command is placed in the C register 
and the number of parameters associated with that 
command is placed in the B register. The program then 
branches to the COMM routine. 


If a Transmit type command is specified, the command 
butTeris set up similarly to the COMM routine; howev- 
er, since the information field data is entered from the 
keyboard, an intermediate routine, TF, is called. TF 
loads the transmit data butTerpointed at by TxBUF. It 
counts the number of data bytes entered and loads this 
number into the command butTer as La, L!. The com- 
mand 
is then 
issued to the 
8273 by jumping 
to 
CMDOUT. 


The COMM routine builds the command butTer by 
reading the required number of parameters from the 
keyboard and placing them at the butTer pointed at by 
CMDBUF. The routine at COMM2 then issues this 
command butTer to the 8273. 


One command does not directly result in a command 
being issued to the 8273. This command, Z, operates a 
software flip-flop which selects whether the software 
will respond automatically to received polling frames. 
If the Poll-Response mode is selected, the prompt char- 
acter is changed to a '+'. If a frame is received which 
contains a prearranged poll control field, the memory 
location POLlN is made nonzero by the receiver inter- 
rupt handler. LOOPIT examines this location and if it 
is nonzero, causes a branch to the TxPOL routine. The 
TxPOL routine clears POLlN, sets a pointer to a spe- 
cial command butTer at CMDBUF1, 
and issues the 
command by way of the COMM2 entry in the COMM 
routine. The special command butTer contains the ap- 
propriate response frame for the poll frame received. 
These actions only occur when the Z command has 
changed the prompt to a '+'. If the prompt is normal 
'-', 
polling frames are displayed as normal frames and 
no response is transmitted. The Poll-Response mode 
was used during the IBM tests. 
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Figure 51. Rxl (Receiver 
Interrupt) 
Routine 


The final two software routines are the transmitter and 
receiver interrupt handlers. The transmit interrupt han- 
dler, TxI, simply saves the registers on the stack and 
checks if loading the result buffer will fill it. If the re- 
sult buffer will overfill, the program is exited and con- 
trol is passed to the SDK-85 monitor. If not, the results 
are read from the TxI/R 
register and placed in the 
result buffer at LDADR. The DMA pointers are then 
reset, the registers restored, and interrupts enabled. Ex- 
ecution then returns to the pre-interrupt location. 


The receiver interrupt 
handler, RxI, is only slightly 
more complex. As in TxI, the registers are saved and 
the possibility of overfilling the result buffer is exam- 
ined. If the result buffer is not full, the results are read 
from RxI/R and placed in the buffer. At this point the 
prompt character is examined to see if the Poll-Re- 
sponse mode is selected. If so, the control field is com- 
pared with two possible polling control fields. If there is 
a match, the special command buffer is loaded and the 
poll indicator, POLIN, is made nonzero. If no match 
occurred, no action is taken. Finally, the receiver DMA 
buffer pointers are reset, the processor status restored, 
and interrupts are enabled. The RET instruction re- 
turns execution to the pre-interrupt location. 


This completes the discussion of the 8273/8085 
system 
design. 


CONCLUSION 


This application note has covered the 8273 in some de- 
tail. The simple and low cost loop configuration was 
explored and an 8273/8085 
system was presented 'as a 


sample design illustrating the DMA/interrupt-driven 
interface. It is hoped that the major features of the 
8273, namely the frame-level command structure and 
the Digital Phase Locked Loop, have been shown to be 
a valuable asset in an SDLe system design. 
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APPENDIX 
A 


ASII88 :F1 :RAI'T73. SRC 


1515-11 
8888iS885 
tR:RO RSSEJe.ER, 
X188 


lOC 
OOJ 
SEQ 
~ 
STRTEl£HT 


1 $/U'ffiltli 
/0)85 
J«mI) 
2 TRI£ 
EQU 
Mi 
3 ; 
4 TRl(1 
EQU 
5; . 


6 DEl1 
7 ; 
8 ; 
9 ; 
18 ;!EERIl. 
8273 lom~WITH RfI\ITI£IlN Pill 
ID>E fIlO£O 
11; 
17 ; 
18 ; 
19 ; ctJIIN) 
SLfPiJ1TED fIRE 
RS - RESET SERlfI. 
110 ID>E 
28 ; 
SS - SET SERlfI. 
110 ID>E 
21 ; 
RO - RESET OPERRTltIi ID>E 
22 ; 
SO - SET OPERRTltIi ID>E 
23 ; 
RO - REC£l1r{R DISfIBlE 
24 ; 
GR - GEI£RA.. RECEI\{ 
25 ; 
SR - SElECTI\{ 
RECEI\{ 
26 ; 
TF - ~IT 
FRIft 
27 ; 
RF - RBa1T FRfI£ 
28; 
SP-SET~TB 
29 ; 
RP - RESET ~T 
B 
38 ; 
Ra - RESET 81£ BIT DElAY (PII1 = IF) 


31 ; 
SI! - SET 01£ BIT DElAY (PII1 = 88) 


32 ; 
SI. - SElECTI\{ 
lOOP RECEI\{ 
33 ; 
Tl - ~IT 
lOOP 
34 ; 
Z 
- CIfHi: 
ID>ES FlIPiFlOP 
38; 


EIlU 


; 88 F~ 
RRVTI£IlN 


;FF F~ 
SElF-TEST 


; 88 F~ IOML RESI'CI& 
;FF F~ 
lOOP RESPONSE 


; 88 F~ 
I() DEl10 


;FF F~ 
DEl10 


39 ; ••••••••••••• 
******* ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
48; 
41 ;I()TE: 
'SET' 
aJIIRt)S 
III'l.£l£NT 
lOOICfl. 
'~' 
AKTI<16 
42 ; 
'RESET' 
aJIIRt)S 
IIf'lEI£NT 
lOOlCfI. 
'fM)' 
AKTI<16 
43 ; 
44 i •••••••••••••******** ••••• ******..... 
•••••••• 
••••• 
I 
45 ; 
46 ; BI.FFEREDID>E !liST BE SElECTED If£N 
SElECTI\{ 
RECEI\{ 
IS USED. 


47 ; 
48 ;aJtIfH) 
F!JMlT 
IS: 
'COIttM) 
(2 lTRS)' 
'PAR. H' 
'PAR. '2' ETC. 


49 ; 
58 ; TIt: TRfIQIT 
FRfI£ 
COIttM) 
FIRIRT IS: 
'TF' 
'R' 
'C' 
'BlffER 
CIJITENTS'. 
51 ; 
I() lEI«lTH ~T 
IS I£EDED. 
IIlfFER CONTENTSIS OOED WITH A eR. 


52; 
53; ••••••••• 
I1 
••••••••••••••••••••• 
'•• 
•• 


54; 
55 ;Pfl.lED 
ID>E: 
If£N 
Pfl.lED 
ID>E IS SElECTED (I)£I()TED IN A '+' PROI'T), 
IF 
611001-45 
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56 
A sr.RIH' 
~ 
RR(8H' 
IS RECEIW, 
A RE5ro& 
FRII£ 
0< NSft-F 
S? 
~ 
RR(9H 
IS TBSI1ITTED. 
OTI£R WtIII)5 
IJ'ERATE IGIfUY. 


62 
63 ;***** •••••••••••••••••••••••••••.•••••••••••••••••••.•••••••••••••••••••••••• 
64; 


6S ; 8273 
EQUATES 
66; 
88ge 
67 STAT73 
EQU 
geH 
; STATUS REGISTER 
88ge 
68 ClJtI!73 
EQU 
geH 
; CIlftH) 
REGISTER 
8991 
69 PfIlIm 
EQU 
91H 
; ~TER 
REGISTER 
Il991 
79 RESl73 
EQU 
91H 
; RESI,U 
REGISTER 


Il992 
71 Tl<IR73 
£QU 
9211 
; TX IHTERRlI'T RESIl.T REGISTER 
8993 
72 RXIR73 
EQU 
93H 
; RX IHTERRlI'T RESIl.T REGISTER 
Il992 
73 TEST73 
EI~J 
92H 
; TEST PUlE REGISTER 
9928 
74 CI'Bf 
EQU 
2ai 
; ~ 
IItEFER All 
BIT 
8884 
7STXINl 
EQU 
84H 
; TX INTERRlfT BIT IN STATUS REGISTER 
88Il8 
76 RXINT 
EIlU 
8BH 
; RX IHTERRlI'T BIT IN STATUS REGISTER 
Il881 
77 Tl<IRA 
EQU 
81H 
; TX 1Nl RESIl. T AYAIUB.E 
BIT 


8882 
79RXIRA 
EQU 
92H 
; RX 1Nl RESlLT AYAIUllli 
BIT 
• 


79; 
88 ; 8253 EQUATES 
81 ; 


88ge 
82 PUlE53 
EQU 
98H 
; 82S3 pQ)£ lOll) REGISTER 
889C 
83 CNl8S3 
EQU 
9CII 
; COUNTER8 REGISTER 
Il990 
84 CNTl53 
EQU 
9011 
; co.M£R 
1 REGISTER 
Il99E 
SS CNT2S3 
EQU 
9EH 
; COOITER 2 REGISTER 
898C 
86 COOR 
EQU 
898CH 
; CON5(lli 8fU) 
RATE (2488) 
8836 
87 IIlCNT9 
EQU 
36H 
; PUlE F~ 
COUNTER8 
88B6 
88 1IlCNT2 
EQU 
8B6H 
; PUlE F~ 
COUNTER2 
2917 
89 U<8Rl 
EQU 
2917H 
; 8273 
8fU) 
RATE lS8 
~ 
2918 
98 U<8R2 
EQU 
2918H 
; 8273 8fU) 
RATE ItSB ~ 
91; 
92 ; 8fU) 
RATE TIIIlE: 
8fU) 
RATE 
LKIIR1 
U<8R2 
93 ; 
.- -- 
94; 
9688 
2E 
88 
95; 
4888 
se 
88 
96; 
2488 
89 
88 


97 ; 
1288 
72 
81 
98; 
689 
ES 
82 
99; 
388 
C9 
85 
188 ; 
181 ; 
182 ; 8257 
EQUATES 
183 ; 


88A8 
184 PUlES? 
EQU 
eA8H 
; 82S7 PUlE ~T 
88A8 
185 CHefI)I! 
EQU 
9A8H 
; CH!! (RX) ~ 
REGISTER 
88A1 
186 CH!!TC 
EQU 
8A1H 
; CH!! TERIIIIR. 
COUNTREGISTER 
88FI2 
187 CH1IllR 
EIllI 
9R2H 
; CH1 (TX) ~ 
REGISTER 
88A3 
188 CH1TC 
EQU 
8A3H 
; CH1 TERIIIIR. 
COUNTREGISTER 
88A8 
189 STATS? 
EQU 
eA8H 
; STATUS REGISTER 
8288 
118 R'AllF 
EQU 
8288H 
; RX BlfFER 
START ~S 
8888 
ill 
TXBUF 
EQU 
8888H 
; tx 
BUFFER START ~S 
8862 
ill 
DRI)Ifl 
EQU 
62H 
; DISRBL£ RX DIfI CIRf£L 
TX STILL (Ij 
41FF 
113 RXTC 
EQU 
41FFH 
; TERIIIIR. 
COUNTAND PUlE F~ 
RX CIftf£l. 


8863 
114 EI«lItA 
EQU 
63H 
; ENIIIlE BOTH TX AND RX CIftf£l.S-£XT. 
II!. 
TX ST(J> 
8861 
115 OTlll1A 
EQU 
61H 
; DISABlE TX DIfI CIfN£L 
RX STIll 
(Ij 
81FF 
116 TXTC 
EQU 
81FFH 
; TERIIIIR. 
COOIT AND PUlE F~ 
TX CIftf£l. 


117; 
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118 ; 825111 EQUATES 
119 ; 
8889 
128 CNTl51 
EtlU 
agjI 
;coon I01D REGISTER 
8889 
121 STAT51 
EtlU 
89H 
; STATUS REGISTER 
8888 
122 0051 
EtlU 
88Ii 
; f;( DATAREGISTER 
8888 
123 Rl\ll51 
EtlU 
88Ii 
; RX DATAREGISTER 
eeCE 
124 1()£51 
EtlU 
8C£H 
; 10)£ 
16:<.2 ST(J', III Pfl!ITV 
9827 
125 Clt)51 
EtlU 
27H 
; CtJIfN), 
EIRIlE 
TX&RX 
eee2 
126 RDY 
EtlU 
92H 
;RXR!)Y BIT 
127 ; 
128 ; '•• m~ 
5IIiROUTlII; 
E!IOOTES 
129 ; 


961F 
139 GETCH 
EQU 
961FH 
; GET OIl 
Fro. 
KE'rmIID, 
ASCII 
IN CH 
8SF8 
131 EOO 
EQU 
8SFSH 
; ECHOCHR TO DISPLAY 
8lSE 
132 \IIU)(j 
EtlU 
875EH 
; Cl£Q( 
IF YfLID DIGIT, 
~ 
SET IF YfLID 
85B8 
133 CIM3N 
EQU 
85II8H 
; mMRTS 
ASCII TO lEX 
85EB 
134 CRlF 
EQU 
95ESH 
; DISI'l.I1'I eR. 
t£J«:E LF TOO 
96C7 
135 IfIJUT 
EQU 
96C7H 
;mMRT 
8YTE TO 2 ASCII OIl RIll DISI'l.I1'I 
136 ; 
137 ; "ISC E!IOOTES 
138 ; 
29C8 
139 STKSRT EQU 
28C8H 
; STAQ( START 
8883 
148 CNTlC 
EQU 
8lH 
; CNTl-C EQUIYfLENT 
8888 
1411DIT~ 
EQU 
8888H 
;I •• m~ 
2888 
142 CIIlIIlf 
EQU 
2888H 
; START OF CtJIfN) 
IlJ'FER 
2828 
143 Cll:lBF1 
EtlU 
2828H 
; Pn.L 
10)£ 
SPECIAL TX CtJIfN) 
IlJ'FER 
8880 
144 CR 
EQU 
80H 
;ASCII 
CR 
888A 
145 LF 
EQU 
8f¥i 
;ASCII 
LF 
2904 
146 R5T75 
EQU 
2804H 
..•1!5T7. 5 J\Jf' 
FIlOIIESS 
28CE 
147 R5T65 
EQU 
28C£H 
; R5T6. 5 J\Jf' 
fIlDIlE5S 
2818 
148 LDf[)R 
EQlJ 
2818H 
; fI£SllT 
IlJ'FER 
LIR> POINTER STIJ9E 
2813 
149 CIR)R 
EQU 
281lH 
; fI£Sll T IlJ'FER 
C(J6(ll 
POINTER STIJ9E 
2888 
158 RE58I.F 
EQU 
2888H 
; fI£Sll T IlJ'FER 
START - 255 8YTE5 
8893 
151 SIM' 
EQU 
9lH 
; ~ 
CONTIn 
COOE 
8811 
152 RR9P 
EQU 
11H 
; RR(8)-f' coon COOE 
887J 
153 NSIF 
EtlU 
7lH 
; NSA-f CONTRO..COOE 
8811 
154 RR8F 
EtlU 
11H 
; RR(8)-f 
CONTRa. COOE 
2815 
155 PRlf'T 
EQU 
2815H 
; PRlf'T STIJ9E 
2816 
156 Pn.IN 
EQU 
2816H 
; P(lL 
10)£ 
5El..ECTlON IIIlICAT~ 
2827 
157 D£ID)E 
EQU 
2827H 
; DEI(I 10)£ 
IIIlICAT~ 
161 ; 
162; •••••••••••••••••••••••••••••••••••••.••••.•••••••••••• 
163 ; 
164 ; RffI STIRIGE DEFINITIONS: 
165 ; 
LOC 
DEF 
166 ; 
167 ; 
2888-288F 
C()IIN) 
IlJ'FER 
168 ; 
2819-2811 
RE5Il. T IlJ'FER 
LIR> POINTER 
169 ; 
2813-2814 
fI£Sll T IlJ'FER 
C(J6(ll 
POINTER 
178 ; 
2815 
PRIII'T 
~TER 
STIJ9E 
171 ; 
2816 
POLL 10)£ 
IIIlICAT~ 
172 ; 
2817 
8AL() RATE L5II F~ 
SELF-TEST 
173 ; 
2818 
8AL() RATE IISB F~ 
SELF-TEST 
177 ; 
2819 
SI'ARE 
179 ; 
2829-2826 
fI£SPON5E CtJIfN) 
BlFFER F~ 
P(lL 
10)£ 
188 ; 
2888-2tlFF 
RE5Il. T IlJ'FER 
181 ; 
182 ; 
IIII 
•••••• tll 
611001-47 


2-334 


inter 
AP-36 


183 ; 
184 ; PROORAHSTART 
185 ; 
186 ; INITIALIZE 
8253, 
8257, 
8251A, 
IN) 
RESET 8273. 


187 ; AlSO SET NOOR. 
/tOO£, fH) 
PRINT SIGIOl 
IlESSIG 
188 ; 


0908 
189 
ORG 
886Ii 
199 
0908 31C829 
191 START: 
LXI 
sp, STKSRT 
; INITIRLlZE 
sp 
8883 3£36 
192 
ItYI 
R,tKNT9 
; 8253 IQ)E 
SET 
8885 0399 
193 
IlJT 
I()I)£S3 
; 8253 IQ)E ~T 
8887 
:lA1728 
194 
LDfI 
LKW 
; GET 8273 8IU) RATE LS8 
988fl 039C 
195 
IlJT 
00853 
,USlt«l 
CIlJNTER 8 AS 8IU) RATE (EN 
8S8C :lA1829 
196 
LDfI 
LKBR2 
; GET 8273 BI.R) RATE 168 
888F 039C 
197 
IlJT 
CNT853 
; CIlJNTER 8 
8811 
CD1Ae8 
198 
CRLL 
RXDIIl 
; INITIRLIZE 
8257 RX DIfI CIRIEl. 


9814 
CD3598 
199 
CRLL 
TXDIIl 
; INITIRL IZE 8257 
TX DIfI CIRIEl. 


8817 
3£91 
289 
ItYI 
A,91li 
; OJTPUT 1 F!llM!) 
BY A 8 


I 


8819 
0392 
291 
IlJT 
TEST73 
; TO TEST IQ)E REGISTER 
981B 3£89 
292 
ItYI 
A,19l 
; TO RESET Tl£ 
8273 


I 
9810 
D392 
293 
IlJT 
TEsm 
881F 3£20 
294 
ItYI 
A, '-' 
; NmR. 
IQ)E Pmf'T 
~ 
9821 321529 
295 
STA 
PRII'T 
;PUT IN ST~ 
9824 
3£89 
296 
ItYI 
R,19l 
; TX PW. 
RE5ro/SE 
IIIHCATOR 
9826 
321629 
297 
STA 
POLIN 
; 8 I1EJf6 t«l SPECIRL TX 
9829 322729 
298 
STA 
O£IIOOE 
; CLEAR D£I() IQ)E 
982C 21A31!C 
212 
LXI 
H,SIGI«lN 
; 5IGI«lN I£SSIG 
~ 
982F CD929C 
213 
CILL 
T'II1SG 
;DISPl.fIII SIGI«lN 
214 ; 
21S ; POlITOR USES Jt.ttPS 
IN RfIt TO DIRECT INTERRlI'TS 
216 ; 
9832 210429 
217 
LXI 
ItRST7S 
; RST7. S J\Jf> 
LOCATIIJI USEl).BY POlITIll 
9835 911189C 
. 218 
LXI 
8,RXI 
; fIlORESS OF RX INT ROJTII£ 
9838 
36C3 
219 
ItYI 
",9C3H 
; LIR> 'JIf" 
IJ'COOE 
98:lA 23 
229 
INX 
H 
; IN: 
POINTER 
9838 
71 
221 
I(IY 
",C 
;LIR> 
IW 
LS8 
983C 23 
222 
INX 
H 
; IN: POINTER 
9830 
79 
223 
I(IY 
",8 
; LIR> RXI IISB 
983£ 21CE29 
224 
LXI 
ItRST6S 
; RST6. S J\Jf> 
LOCATIIJI USEl) BY POlITIll 
9841 91CE9C 
225 
LXI 
8, TXI 
; Il)()RESS OF TX INT ROJTII£ 
9844 
36C3 
226 
ItYI 
It 9C3H 
; LIR> 'JIf''' 
!FCOOE 
! 


8946 
23 
227 
INX 
H 
; INC POINTER 
9847 71 
228 
I(IY 
",C 
; LIR> TXI LSB 
884tI 23 
229 
INX 
H 
; IN: POINTER 
9849 
79 
239 
I(IY 
ItB 
; LIR> TXI IISB 
984A lE18 
231 
""'I 
A,lSH 
; GET SET TO RESET INTERRlI'TS 
984C 38 
212 
SI" 
; RESET INTERRl.fTS 
9840 
Fa 
m 
El 
; EIftll.E 
INTERRUPTS 
234 ; 
235 ; INITIRLlZE 
BlfFER 
POINTER 
236; 
237; 


984E 218929 
238 
LXI 
It RESBlJ' 
; SET RESllT 
BlfFER 
POINTERS 
8851 
221328 
239 
SHlD 
I:IfU 
; RESl1.T CIJIS(ll 
POINTER 
I 


88S4 221829 
249 
SHlD 
I.DfI)R 
; RESl1.T LIR> POINTER 
241 ; 
242 ; KAIN ~ 
LOIF - DECKS Fill 
CIR«lE 
IN RESll T POINTERS, USIIRT STATUS, 


243 ; 
OR POLL STATUS 
611001-48 
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'00 
,1..U"I\'ftI 
KtlAA.lilltJ( 
IdJJTlJ£ 
269 ; 
278 ; 


11871)CD1F86 
271 GETCfI): CfU 
GETCH 
; GET ~ 
9889 COF885 
272 
CfU 
EOO 
; ECHO IT 
8883 79 
273 
/tOY 
A.C 
; SETlJ' FIR CIJI'fft 
8884 FE52 
274 
CPI 
'R' 
;R? 


8886 Cflff'98 
27'5 
Il 
~ 
;GET /O!E 
Il889 FE53 
276 
CPI 
'5' 
;5? 


9888 CIII798 
277 
J2 
~ 
;GET /O!E 
Il88E FE47 
278 
CPI 
'G' 
;G? 


9898 Cfl'F98 
279 
Il 
~ 
; GET /O!E 
11893 FE54 
2S8 
CPI 
'T' 
;P 
9895 CAl!E89 
281 
Il 
~ 
;GET /O!E 
9898 FEU 
282 
CPI 
'A' 
;R" 


II89A CA2299 
283 
Il 
~ 
;GET /O!E 
9891) FE5II 
284 
CPI 
'2' 
;27 


II89F CA3189 
,285 
Il 
CIQ)E 
; YES. 00 CIfIG: 
IO)E 
98A2 FE83 
299 
CPI 
CHTlC 
; CNTL-c? 


98A4 CA9898 
291 
Il 
IIOHTIR 
; EXIT TO lOIlTIR 
98A7 8E3F 
Z92 ILlEG: 
""I 
C. '?' 
;PRINT ? 


98A9 COF885 
293 
CfU 
EOO 
; DISPlAY IT 
98AC C35798 
294 
JIf' 
Cfl)REC 
; L!XJ' FIR C(JfIH) 


295 
98W 
CD1F86 
296~: 
CfU 
GETCH 
; GET I£XT ~ 
Il882 COF885 
297 
CfU 
EOO 
; ECHO IT 


9885 79 
298 
/tOY 
A.C 
; SETlJ' FIR CIJf'fft 
8886 FE4F 
299 
CPI 
'0' 
;D? 


9898 CA5Ile9 
398 
Il 
ROCII) 
;RC C(JfIH) 
9898 FE53 
381 
CPI 
'5' 
;5? 


Il880 CA6789 
382 
sz 
RSOO 
;R5 DJtRI) 
98C8 FE44 
383 
CPI 
'0' 
;O? 


98C2 CA7189 
384 
Il 
ROCII) 
;RC DJtRI) 
98C5 FE58 
385 
CPI 
'P' 
;p? 


98C7 CII)989 
386 
J2 
RPCII) 
;RP DJtRI) 
98CA FE52 
387 
CPI 
'R' 
;R? 


98CC CA9898 
398 
Il 
START 
; START IMR 
98CF FE42 
389 
CPI 
'8' 
;B? 


9801 CA7889 
318 
J2 
R8CfI) 
;Ra DJtRI) 
611001-49 
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8804 C3A788 
311 
JP'f 
IllEG 
; IllEfR, 
TRY BlAIN 
312 
8807 CD1F1!6 
313 SDIIl: 
CfU 
GETCIi 
; GET tEXT CII! 
980A CDF88S 
314 
CfU 
EOO 
;EOO 
IT 
8800 78 
315 
110\I 
ItB 
;SETI.f' FtJI CM'Ift 
8SllE FE4F 
316 
CPI 
'0' 
;O? 
98E9 CIIl689 
317 
JZ 
SOCII) 
;SO~ 
98E3 FE53 
318 
CPI 
'5' 
i 5? 


98E5 CfII899 
319 
JZ 
SSCIf) 
iSS~ 
98E8 FEi2 
32e 
(PI 
'R' 
iR? 


98EA CIIiA99 
321 
JZ 
5RCII) 
i5R~ 
88ED me 
322 
CPI 
'P' 
;p? 


98EF CllE299 
323 
JZ 
SPCIt> 
;5P~ 
8Ef2 FE42 
324 
CPI 
'B' 
is' 


8Ef4 CA8599 
325 
JZ 
SIICIt) 
iSB~ 
98F7 FE4C 
326 
CPI 
'l' 
il? 


8Ef9 CIl8F99 
327 
JZ 
SLCII) 
iSL~ 
8EfC C3A788 
32S 
JP'f 
ILLEG 
; ILlEfR, 
TRY BlAIN 
329 
98FF CD1F1!6 
339 GDIfl: 
CIU 
GETCH 
; GET tEXT CII! 
9992 CDF88S 
331 
CIU 
EOO 
;EOO 
IT 
9995 78 
332 
110\I 
ItS 
iSETl.f' FtJI CM'Ift 
9996 FEi2 
m 
(PI 
'R' 
iR? 
9988 !X499 
334 
JZ 
!i1CII) 
;GR~ 
9988 C3A788 
115 
JP'f 
ILLEG 
; IllEfR, 
TRY BlAIN 
336 
999E CD1FI!6 
337 TDIIN: 
CfU 
GETCH 
; GET IEXT CII! 
9911 CDFII85 
338 
CIU 
EOO 
iEOO 
IT 
9914 78 
339 
110\I 
A,S 
iSETl.f' FtJI CM'Ift 
9915 FE46 
349 
CPI 
'F' 
iF? 
9917 CAEC99 
341 
JZ 
TFCII) 
iTF~ 
991A FE4C 
342 
(PI 
'l' 
;l' 
991C CA9999 
343 
JZ 
TLCII) 
;TL COIRtJ 


I 
991F C3A788 
344 
JP'f 
ILLEG 
; IlLEfR, 
TRY BlAIN 
345 
9922 CD1F1!6 
346~. 
CILL 
GETCH 
; GET NEATCII! . 


9925 CDFII85 
347 
CILL 
EOO 
;EOO 
IT 
9928 78 
349 
110\I 
ItS 
; SETI.f' FtJI COP'ffI<E 
9929 FE46 
349 
CPI 
'F' 
;F? 
99211 !XE99 
359 
JZ 
If"CII) 
i If" CIIIftI) 
Il92E C3A788 
351 
JP'f 
IllEG 
;ruaa, 
TRV BlAIN 
352 ; 
353 i RESET POLL I1IlDERESPONSE- CIfNlE 
Prot'T 
CII! AS INOICATtJI 
354 i 


9931 F3 
355 CIQ)£: 
DI 
; DISIIllE 
INTERRlI'TS 
9932 3A15211 
356 
LOA 
PRlf'T 
i GET ClJlRENT Prot'T 
9935 FE2!) 
357 
CPI 
'-' 
; t«J!IR 
Im? 
9937 C24399 
359 
JNZ 
sw 
; 1«), 
CIfNlE 
IT 
993A 3E2B 
359 
11'I1 
A, '+' 
il£W Prot'T 
993C 3215211 
368 
STR 
PRlf'T 
; STtJIE I£W Prot'T 
993F FB 
365 
El 
; ElRlLE 
INTERRtPTS 
9949 C35788 
366 
JP'f 
Cll)REC 
i RETLRNTO lOCf' 
9943 3E2O 
367 sw: 
IfYI 
It '-' 
; I£W Prot'T 
CII! 
9945 3215211 
368 
STA 
PRlf'T 
,STtJIE 
IT 
9949 FB 
369 
El 
; EIRILE INTERRlI'TS 
9949 C35788 
379 
JP'f 
Cll)REC 
; RETI.RNTO llXl' 


I 
371 ; 
372 ; 


611001-50 


2-337 


• 


inter 
AP-36 


373 ; TIlflNSIIIT ANSWERTO P,U 
5£TlF 
374 ; 


894C lEes 
382 TXPlX.: 
..vI 
R, &elf 
; CL£fR P!l.l. 
IN>ICATIR 
894E 321628 
J84 
STR 
PlX.IN 
; IN>ICATIR fl'IR 
11951 216188 
J85 
LXI 
It LOO'IT 
; SfTlJ' 
STFO: FIR COIftI) 
IlJTP\IT 
11954 E5 
J86 
PUSIl 
H 
; PUT ~ 
TO Cll)REC IJj STFO: 
11955 8684 
387 
..vI 
8,84It 
, ; GET I OF PfRfI£T£RS 
~ 
11957 212Il29 
J88 
L~I 
ItClClllF1 
; POINT TO SPECIFl. SlFF£R 
II95R CJFFeR 
389 
JII> 
cotIQ 
; JltIP 
TO CtJIRI) 
OIJTI'\Jl£R 
J98 ; 
391 ; 
392 ; 
393 ; OMIH) IItPlEIENTING ROOTII£S 
J94 ; 
395 ; 
J96 ; Ra - RESET tfEl!RTING IDlE 
397 ; 


8950 8681 
J98 ROC/C): ..vI 
8,81H 
;IOF~ 
II95F Bm 
399 
..vI 
C,51H 
;COIftI) 
8961 CIJ€50R 
4B8 
CALL 
C(JIt 
; GET PfRfI£T£RS 
IN) 
ISSl( 
COIIN) 
8964 CJ5788 
481 
JII> 
Cll)REC 
; GET tEXT COIIN) 
482 ; 
483 ; RS - RES£T S£RIFl. 
1/0 IIlOE COIIN) 
484 ; 


89678681 
485 1&/1): 
""I 
8,81H 
; I OF PfRfI£T£RS 
8969 8E68 
486 
""I 
C,68H 
;COIIN) 
11968 CIJ€50R 
487 
CALL 
C(JIt 
; GET PfRfI£T£RS 
IN) 
ISSl( 
COIIN) 
896£ CJ5788 
488 
JIF 
Cll)REC 
; GET tEXT COIIN) 
489 ; 
41B ;Ra - RECEl'ftR DISIIIlE 
ClMN) 
4U; 


11971 86B8 
412 fIDCII): 
""I 
8, &elf 
; I OF PfRfI£T£RS 
11973 8EC5 
413 
""I 
C,~ 
;CtJIRI) 
11975 CDE58R 
414 
CALL 
C(JIt 
; ISSl( 
COIIN) 
11978 CJ5788 
415 
JII> 
Cll)REC 
; GET tEXT COIIN) 
416 ; 
417 ; Ra - RESET IJjE 8IT DELAYCOIIN) 
418 ; 


11978 8681 
419 RSCIt): 
""I 
8,81H 
;. 
OF PfI!FI£TERS 
11970 8E64 
428 
""I 
C,64H 
;COIIN) 
1197F CDE58R 
421 
CALL 
C(JIt 
; GET PfI!FI£TER IN) 
ISSl( 
COIIN) 
8982 C35788 
422 
JII> 
Cll)REC 
; GET tEXT COIIN) 
423 ; 


I 
424 ; ss 
- 5£T IJjE BIT DELRYCOIIN) 
425 ; 
11985 8681 
426 S8CII): 
""I 
8,81H 
;. 
OF PfRfI£T£RS 
11987 8EIM 
427 
""I 
C,9A4It 
;COIIN) 
119II9CDE58R 
428 
CALL 
COl! 
; GET PfI!FI£TER IN) 
IS5l( 
COIIN) 
II98C CJ5788 
429 
JII> 
Cll)REC 
; GET tEXT COIIN) 
438 ; 
431 ; SL - SELECTIVE LOO' RECEIVE COIIN) 
432 ; 
II98F 8684 
433 SLCII>: 
""I 
8,84It 
;. 
OF PfI!FI£TERES 
11991 8EC2 
434 
""I 
C, IIC2H 
;COIIN) 
11993 CDE58R 
435 
CALL 
COl! 
;1£1 
PfRfI£T£RS 
fill) ISSl( 
COIIN) 
11996 C35788 
436 
JIF 
Cll)REC 
; GET tEXT COIIN) 
437 ; 
438 ; TL - TRfI6I!IT 
LOO' COIIN) 
611001-51 
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439 ' 


1!999 2111829 
448 Tloo. 
LXI 
If,CIIlBlf 
,SH 
!nftN) BlfFER POINTER 
899C 9682 
4<41 
ItVI 
e,82H 
,LI8> 
~ 
IXUITER 
II99E 36CA 
4<42 
ItVI 
11.8CItI 
,LI8> !nftN) INTO BlFFER 
B9A8 219229 
4<43 
LXI 
If, CIIlBlf>2 
,POINT RT fill! ~ 
CNTLPOSITl(16 


1l9R3 CJF689 
4<44 
JIf' 
TFOOl 
i FINISH (J'f !nftN) IN TF RWTItE 
4<45, 
4<46,50 
- 5H 
tJ'ERRTlI«l IQ)[ !nftN) 


4<47, 


99A6 9681 
448 SOCfI)' 
ItVI 
8, I!1H 
;. 
rF PfIlII£!ER5 
89R8 8E91 
4<49 
ItVI 
C,91H 
,!nftN) 
99M COE59A 
459 
DU 
~ 
,(£T 
~ 
~ 
IS5lf: cotIH) 
99fI) C35798 
451 
JIf' 
ClaEC 
,(£T 
t£XT cotIH) 


452 , 
453 ,55 
- SET SERIAL 110 cotIH) 


454 , 


89911 9681 
455 5500: 
ItVI 
8, I!1H 
,. 
rF PfIlII£!ER5 
8982 IIER8 
456 
ItVI 
C,iIAI!H 
;COtIH) 


8984 COE59A 
457 
CALL 
~ 
; (£T ~TER 
~ 
I55lf: 
cotIH) 


119!17C35798' 
458 
Jlf' 
ClaEC 
;lE tEXT cotIH) 
459 , 
468 ,5R - SEL£CTl~ 
RECEI~ cotIH) 
461 , 


II9!IR 9684 
462 5RC/(): 
PlVI 
8,94/i 
;. 
rF ~TER5 


II9!IC 8EC1 
463 
ItVI 
C,9C1II 
, CtJIRI) 
II9!IE COE59R 
464 
CRlL 
~ 
,lE p~ 
~ 
I55lf: !nftN) 
99C1 C35798 
465 
Jlf' 
ClaEC 
,GET t£XT C!JIRI) 
466 , 
467 ; ~ 
- GENERALRECEl~ 
C!JIRI) 
468 ; 


99C4 9682 
469~: 
ItVI 
8,82H 
,Ill 
PfIlII£!ER5 
99C6 8ECB 
478 
ItVI 
C,8C8H 
;C!JIRI) 


99C8 COE59A 
471 
CRlL 
CI»I' 
,I55lf: 
!nftN) 
99C8 C35798 
472 
Jlf' 
ClaEC 
,lE t£XT C!JIRI) 
473 , 
474 ; ff' - fBRT 
FRfI£ 
C!JIRI) 


475 , 


II9CE 8688 
476 ff'oo: 
ItVI 
e,88H 
; III PfIlII£!ER5 


89D8 8Ea: 
477 
ItVI 
C,9CCH 
,COtIH) 
8902 COE59A 
478 
CRlL 
~ 
, I55lf: 
C!JIRI) 
8905 C35798 
479 
JIf' 
ClaEC 
; GET t£XT cotIH) 
488 , 
4B1 ,RP - RE5H f'(J1T C!JIRI) 
4B2 , 


890B 9681 
483 RPOO' 
ItVI 
e,81II 
i' 
rF ~TER5 
890ft 8E63 
4B4 
ItVI 
C,~ 
,COtIH) 
890C COE59A 
4B5 
CALL 
~ 
; (£T ~ 
~ 
I55l( 
C!JIRI) 
890f 
C3578B 
4B6 
JIf' 
ClaEC 
,lE tEXT cotIH) 


487 ; 
488 ,5P 
- 5H 
f'(J1T cotIH) 
4B9 , 


99E2 9681 
4911spoo. 
ItVI 
e,8111 
,. 
rF PfIlII£!ER5 


B9E4 8ERl 
491 
ItVI 
C,BR3H 
;COtIH) 
B9E6 COE59A 
492 
CALL 
~ 
,(£T 
PfMIIETER ~ 
I55lf: 
C!JIRI) 
B9E9 C35798 
493 
JIf' 
ClaEC 
i (£T t£X CtJIRI) 
494 ; 
495 ,TF - mtf.iItlT 
FRfI£ 
cotIH) 
496 ; 
611001-52 
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89EC 218829 
497 TFCII): 
LXI 
It CIIlBlf 
; SET C(JftN) 
IItFFER POINTER 
99EF 8682 
498 
IIYI 
B,Q2H 
;Llm~CWlTER 
99fl 
36C8 
499 
IIYI 
pt Ill!H 
; L(A) C(JftN) 
INTO IItFFER 
99fJ 
218229 
5118 
LXI 
It CIIlBlf +2 
; POINT AT fI)R AI() CNTL POSITIONS 
99f6 
78 
581 TFCIIl1: 
Iffl 
A,S 
;TEST~CWIT 
99f7 
A7 
592 
fill 
A 
;IS 
IT 8' 
99f8 
CA978A 
583 
JZ 
1lIlfl 
;IB, L(A) TX DATAIItFFER 
99fS 
COfI)8A 
584 
CfU 
PARIN 
;iZT~ 
99fE 
0AA788 
S8S 
JC 
ILLEG 
; ILLEIR 
CIf! RE1IM£I) 
8A81 2J 
586 
INX 
H 
; Ill: 
C(JftN) 
IItFFER POINTER 
8A82 85 
587 
OCR 
B 
; DEC ~ 
CWITER 
8A83 77 
5118 
Iffl 
ptA 
; L(A) ~TER 
INTO C(JftN) 
IItFFER 
8A84 CJF689 
589 
JII' 
TFCIIl1 
;GET/£Xl~ 
518 
8A87 218888 
511 ran 
LXI 
It TX8lf 
; L(A) TX DATAIItFFER POINTER 
8A8A 810888 
S12 
LXI 
B,888eH 
; CLEIR BC - 8VTE CWITER 
BA90 C5 
51J 
1lIlfll: 
PUSH 
a 
; SIM 
BYTE CWlTER 
8A8E COfI)8A 
514 
CfU 
PARIN 
; iZT DATA, II.IAS 
~ 
8A11 Dft1ll8fl 
515 
JC 
OOCII( 
; IIIYBE 00 
IF ILLEIR 
8A14 77 
516 
Iffl 
ptA 
; L(A) DATA8VTE INTO IItFFER 
8A15 2J 
517 
INX 
H 
; Ill: 
IItFFER POINTER 
8A16 Cl 
518 
PIJ> 
a 
; RESTIJ1E 8VTE CWflER 
8A17 83 
519 
INX 
a 
; Ill: 
8VTE CWITER 
8A18 C3808A 
528 
JII' 
raru 
; iZT /£Xl 
DATA 
8A18 FE80 
52100CH<: 
CPI 
CR 
; RE1U1I£D ILLEIR 
CH! CR? 
8A1D CA248A 
522 
JZ 
ram, 
; YES, TI£N TX BlfFER FIll 
8A28 Cl 
523 
POP 
a 
; RESTIJ1E a TO SIM 
STACI< 
8A21 CJA78B 
524 
JIt' 
ILLEG 
; ILLEIR 
CII! 
8A24 Cl 
525 TBlfFL: 
POP 
B 
; RESTIJ1E 8VTE CWITER 
8A2S 218128 
526 
LXI 
It CIIIIIlf+l 
; POINT INTO C(JftN) 
BlFFER 
8A28 71 
527 
Iffl 
ptC 
; STIJ1E 8VTE CWIT LSB 
8A29 2J 
528 
INX 
H 
; Ill: 
POINTER 
8A2A 78 
529 
Iffl 
pta 
; STIJ1E 8VTE CWIT I!S8 
8A28 8684 
5J8 
IIYI 
B,&4H 
; L(A) ~ 
CWlT 
INTO B 
J 


8A2D 21368A 
531 
LXI 
It TFRET 
; GET REnI!H fI)R FIJ! THIS RWTII£ 


I 
BAJ8 C5 
5J2 
PUSH 
a 
; PUSH IKE 


I 
8A31 E3 
533 
XTIt. 
; PUT REnI!H OMSTACI< 
8AJ2 C5 
5J4 
PUSH 
B 
; PUSH IT so CII>OOTGIll USE IT 
8A33 CJFB8A 
5J5 
JII' 
CII>OOT 
; ISSl£ 
C(JftN) 
8A36 CJ578B 
5J6 
TFRET: 
JII' 
CIIlREC 
; iZT /£Xl 
C(JtfH) 
537 ; 
538 ; 
SJ9 ; ROOTII£ TO DISPLA\' RESll T IN RESll.T IItFFER IHN L(A) AI() aJf.iIli 
548 ; POINTERS II1E DIFFERENT. 
541 ; 
542 ; 
8A39 1685 
543 DISP'I: 
IIYI 
D,Q5H 
; D IS RESll T CWITER 
BAJ8 2AB28 
544 
LlLD 
CIR)R 
; iZT aJf.iIli 
POINTER 
8AJE E5 
545 
PUSH 
H 
;SIM 
IT 
ilAJF 7E 
546 
Iffl 
A," 
; iZT RESll T IC 
ilA48 E61F 
547 
ANI 
1FH 
; LI"IT 
TO RESll T COO£ 
ilA42 FEBC 
548 
CPI 
8tH 
; TEST IF Rl( IJ! TX SOIJlCE 
ilA44 DA628A 
549 
JC 
Rl(S(J!C 
;~, 
TI£N Rl( SOIJlCE 
ilA47 21CJ8C 
558 TXSORC: LXI 
ItTXI~ 
; TX INT ~SAGE 
ilA4A C0928C 
551 
CfU 
T'/I!SG 
DISPLA\' IT 
ilA4D E1 
552 DI SP'I2 : POP 
H 
RESTIJ1E COM5(ll POINTER 
ilA4E 7E 
55J DI SP'I1 : Iffl 
A," 
GET RESllT 
ilA4F CDC786 
554 
CfU 
If(JUT 
COM'r'ERTAI() DI SPLA\' 
611001-53 
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9A52 8E28 
555 
""I 
C, ' 
,51' CItl 


eA54 CDf895 
S56 
CfU 
EO«) 
,DISPlAY 
IT 
8A57 2C 
557 
I~ 
L 
,IN:: 
BI.FFER POINTER 
8A58 15 
558 
OCR 
D 
,OEC RESll T COOITER 
i!A59 C24EeR 
559 
JHZ 
DI5PY1 
,tilT 
1)(1£ 
8R5C 221328 
568 
SILO 
CIR)R 
,lJ'OATE 
CIJIS{U 
POINTER 
i!A5F C35788 
561 
Jlf> 
OOREC 
,RETIRt 
TO u ••• 
562 , 
561 , 


564 ,RECEIVER SOO1CE - DISPlAY RESllTS 
IN) RECEYIE BI.FFER COOEHTS 
565 , 
566 , 


8R62 21B88C 
567 RXS(JIC: LXI 
It RXII!SG 
,RXINT~~ 
8R65 C0929C 
568 
CfU 
T'mSG 
,DISPLAY I£SSIG 
8R68 El 
569 
POP 
H 
,RESTORE CIJIS{U 
POINTER 
81169 7E 
579 RXSl: 
IllY 
11," 
,RETRIE't'E RESll T FRIll BI.FFER 
8R6It 1llC786 
571 
CfU 
IIWT 
,COMRT 
All) DISPlAY 
IT 
8R6O 8E28 
572 
""I 
C,' 
I 
,RSCII 
51' 
8R6F COF895 
57l 
CfU 
EO«) 
,DISPlAY 
IT 


eR72 2C 
574 
I~ 
L 
,IN:: 
CIJIS{U 
POINTER 
eR7l 
15 
575 
OCR 
D 
,OEC RESll T ro..tmR 
eR74 7R 
576 
IllY 
A,D 
,GET SET TO TEST ro..tmR 
8R75 FE84 
577 
CPI 
84H 
;IS 
THE RESll T Re? 
eR77 CfI!28R 
579 
JZ 
R9PT 
,YES, 
00 SIM 
IT 
eR7R FE83 
579 
CPI 
8lH 
,IS 
THE RESllT 
Ri? 
eR7C CffI78R 
588 
JZ 
R1PT 
,YES, 
00 5AYE IT 
eR7F A7 
S81 RXS2: 
1Nl 
A 
,TEST RESll T C(UITER 
8Rfl8 C2698R 
582 
./NZ 
RXSl 
,tilT 
1)(1£ YET, GET I£XT RESllT 
8R83 221328 
583 
SILO 
CIR)R 
,1)(1£, 
SO lPOATE CIJIS{U 
POINTER 
8R86 COE895 
S84 
CfU 
CRLF 
,DISPlAY 
CR 


8R89 218882 
ss 
LXI 
H, RXBIJ' 
,POINT AT RX 8\FFER 
8R8C Cl 
S86 
POP 
B 
,RETRIE't'E 
RECEI'ttD ro..tIT 
8R8D 78 
587 RXS3: 
IllY 
A,B 
,IS 
ro..tIT 
9? 
8A8E B1 
588 
~ 
C 
8RBF CA5788 
sag 
JZ 
CIIlI!EC 
,YES, 
00 IlfD( 
TO LtXI' 
IIR92 7E 
598 
IllY 
11," 
,NO, 
GET CItl 
8R93 CS 
591 
PUSH 
B 
,SIM 
BC 
8R94 1llC786 
592 
CfU 
IIWT 
,OJIYERT IN) DISPlAY CItl 
8R97 8£29 
593 
""I 
C, I 
I 
,RSCII 
51' 
8R99 COF895 
594 
CALL 
EO«) 
i DISPlAY IT TO SEPfRATE DATA 
8R9C Cl 
595 
POP 
B 
,RESTORE BC 
8R9O ee 
596 
DCX 
B 
,DEe ro..tIT 
8R9E 23 
597 
INX 
H 
,IN:: 
POINTER 
8R9F ClB08R 
59B 
Jlf> 
RXSl 
,GET IEXT CItl 
599 
IRI2 
4E 
68Il R9PT: 
IllY 
C," 
,GET R8 FIXI RESll T BI.FFER 
IRIl 
CS 
681 
PUSH 
B 
,SIM 
IT 
8RR4 C37FeR 
682 
JIf 
RXS2 
,RETIRt 
683 
9f¥I7 Cl 
684 R1PT: 
POP 
B 
,GET R8 
9f¥IB 46 
685 
IllY 
B," 
,GET Ri FIXI RESll T BI.FFER 
9f¥I9 CS 
686 
PUSH 
B 
,SIM 
IT 
9f¥IR C37FeR 
687 
Jlf> 
RXS2 
68Il 
689 
618 
6U 
~ 
IIf'UT 
- ~ 
R£T1.RIED IN E REGISTER 
612 
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613 ; 


I!AAOCS 
614 ~IN: 
PUSH 
B 
; SRYE se 
!HIE 
1681 
615 
ItYI 
D, B1H 
; SET CIf! ClXJjTER 
8fIl8 
CD1F86 
616 
CfU 
GETCH 
; GET C~ 
8163 CDF885 
617 
CfU 
ECKJ 
; ECKJ IT 
I!AB6 79 
618 
ftOII 
A,C 
; PUT CIf! IN R 
8167 
FE2e 
619 
CPI 
' , 
; Sf? 
9RB9 C2E99R 
629 
JIIZ 
~IN1 
; 1«), tuaa. 
TR\I f(jAIN 
9ROC CD1F86 
621 ~INJ: 
CfU 
GETCH 
; GET CIf! Of PfJ1RI£TER 
9RBF CDF885 
622 
CfU 
ECKJ 
; ECKJ IT 
9RC2 CD5EQ7 
62J 
CfU 
YfU)G 
; IS IT R 'M.ID 
CII!" 
9RC5 D2E99R 
624 
JNC 
~IN1 
; 1«), TR\I f(jAIN 


9RC8 coeee5 
625 
CfU 
CIMlN 
; WMRT 
IT TO HEX 
9RCB 4F 
626 
ftOII 
C, R 
;SRYE IT IN C 
9RCC lA 
627 
ftOII 
A,D 
; GET CIf! ClXJlTER 
9RCV R7 
629 
RNA 
A 
; IS IT 9? 
9RCE CfIOC9A 
629 
1Z 
PARIN2 
; \£5, DIJ£ 
WITH THIS PARll'ETER 
9RD1 15 
6J9 
OCR 
D 
; D£C CIf! ClXJjTER 
9RD2 RF 
6J1 
)(RA 
R 
;ClE~~ 
9RD3 79 
632 
ftOII 
A,C 
;~~ 
1ST CHR 
9RD4 17 
6JJ 
RIl. 
; ROTRTE LEFT 4 PUI:ES 
9RD5 17 
6J4 
RIl. 


9RD6 17 
6J5 
RIl. 


9RD7 17 
6J6 
RIl. 


9RD8 5F 
637 
ftOII 
E,R 
;SRYE IT IN E 
9RD9 CJOC9A 
6J9 
JII> 
~INJ 
; GET t£XT CHR 
IIfI)C 79 
6J9 
~IN2: 
ftOII 
A,C 
;21«) CIf! IN A 
9RDD B3 
648 
~ 
E 
; CMINE 
BOTH CII1S 
9RD£ C1 
641 
POP 
B 
;~T~ 
se 
9RDF C9 
642 
RET 
;~TOCfUII«J~ 
SAEQ 79 
643 ~IN1: 
ftOII 
A,C 
; PUT IllEtR 
CHR IN A 
8AE1 37 
644 
STC 
; SET ~ 
AS IllEtR 
STAM 
SAE2 C1 
645 
POP 
B 
;~T~ 
se 
8AE3 C9 
646 
RH 
;~TOCfUII«J~ 
647 ; 
648 ; 
649 ; JlJI' 
~ 
IF 8IJ'FER FIll 
658 ; 


SAE4 CF 
651 BlfFll.: 
DB 
OCFN 
; EXIT TO IOIIlll! 
652 ; 
65J 
; 
654 ; mtRI) DISPATCI£R 
655 ; 
656 ; 
8fIE5 219829 
657 COlI: 
LXI 
H,CIUlF 
; SET POINTER 
SAE8 CS 
658 
PUSH 
B 
;SRYE se 
8AE9 71 
659 
ftOII 
PLC 
; LOll) mtRI) INTO 8IJ'FER 
8AEA 78 
668 COII!.: 
ftOII 
A,B 
; CHECKPfJ1RI£TER ClXJjTER 
8AEB R7 
661 
RNA 
A 
; IS IT 9? 
SAEC CAFB8fI 
662 
JZ 
C/roIT 
; \£5, 
GO ISSlE mtRI) 
8AEF CM>eA 
66J 
CfU 
~IN 
; GET PfJ1RI£TER 
&2 
DAA788 
664 
JC 
IllEG 
, IllEtR 
C!R REMNED 
9RF5 23 
665 
1Nl< 
H 
; INe 8IJ'FER POINTER 


&6 
95 
666 
OCR 
B 
; D£C PfJ1RI£TER ClXJjTER 
9RF7 n 
667 
ftOII 
",A 
; PfJ1RI£TER TO 8IJ'FER 
&8 
CJEA9A 
668 
JII> 
COlI!. 
; GET t£XT PfJ1RI£TER 
9RFB 219829 
669 C/roIT: 
LXI 
H,CIUlF 
;~INT 
POINTER 
9RFE C1 
678 
POP 
B 
; ~~ 
PfJ1RI£TER CWIT 
611001-55 
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IH'F 
08ge 
671 C()IIt2: 
IN 
STAm 
; REIl) 8273 STATUS 
8B81 87 
672 
RlC 
; ROTATEC85V INTO CfWi 
11II82 DfFF8f1 
673 
JC 
COItI2 
;WAIT FCIlI)( 


8IIIl5 7E 
674 
IIJY 
A." 
; I)(, 
IIM 
ct1IfN) 
INTO A 


81186 D398 
675 
OUT 
C(Jf!73 
;OOTI'I.IT ct1IfN) 


IlB88 78 
676 Pftl1: 
IIJY 
A,B 
; lE 
I'fI!AI£TER caM 
11889 A7 
677 
ANI! 
A 
;(5 
IT '" 
8B8f1 CB 
678 
RZ 
;~, 
I)(J£. 
RETIJ1N 


IlB88 23 
679 
INX 
H 
; INe ct1IfN) BIf'FER POINTER 
eeec85 
688 
OCR 
8 
;!lEC I'fI!AI£TER caM 
eeeo08ge 
6B1 PfIl2: 
IN 
STAm 
;REII) 
STATUS 


9B8F E628 
682 
flU 
CPIIf 
; 15 CPIIf BIT 5£T? 
BB11 C28IleB 
683 
JNZ 
PfIl2 
; WAIT T1L ITS 8 
8814 
7E 
6B4 
IIJY 
A." 
; I)(, 
lE 
I'fI!AI£TER 
~ 
BtFFER 
8815 
D391 
685 
OUT 
PIIlIf7l 
; OOTI'I.ITI'fI!AI£TER 
8817 
C388@8 
686 
JII' 
Pftl1 
; lE 
I£XT I'fI!AI£TER 
687 ; 
688 ; 
6B9 ; INITIALIZE 
fH) 
E1RlE 
RX ~ 
CIRf£I. 
• 


698 ; 
691 ; 


881A 3£62 
692~: 
""I 
A.DRDIIfI 
; DISAIlE 
RX ~ 
CIRf£I. 


881C D3A8 
693 
OUT 
~ 
;82S7 
~ 
PORT 
881E 818882 
694 
LXI 
B,RXStF 
; RX BIf'FER START fIlORE55 
8B21 79 
69S 
IIJY 
A.C 
; RX BIf'FER LSB 
8822 D3A8 
696 
OUT 
CH8R)R 
; CIt8 RDR PORT 
8824 
78 
697 
IIJY 
A.B 
; RX BIf'FER IISB 
882S D3A8 
698 
OUT 
CH8RDR 
; CIt8 RDR PORT 
8827 81fF41 
699 
LXI 
8,mc 
; RX CH ~INRL 
caM 
882R 79 
789 
IIJY 
A.C 
; RX TERIIINRL caM 
LSB 
8B28 D3A1 
781 
OUT 
Clt8TC 
; CIt8 TC PORT 
882D 78 
782 
IIJY 
11.8 
; RX TERIIINRL caM 
II5B 
882E D3A1 
783 
OUT 
Clt8TC 
; CIt8 TC PORT 
8838 
3£63 
784 
""I 
A. 00IfI 
;E1RlE 
~ 
I«RI) 
8832 
D3A8 
?SS 
OUT 
~ 
;82S7 
~ 
PORT 
8834 C9 
786 
RET 
; RETIJ1N 
787; 


78B 
; 


789 ; INITIALIZE 
fH) 
E1RlE 
TX ~ 
CIRt£I. 


718 ; 
711 ; 


88lS 
3£61 
712 TXDIIl: 
""I 
A.D~ 
; DISAIlE 
TX ~ 
CIfH£I. 


8837 
D3A8 
713 
OUT 
~ 
;82S7 
~ 
PORT 
8819 
818888 
714 
LXI 
B, TXBtF 
; TX BIf'FER START fIlORE55 
88lC 
79 
715 
IIJY 
A.C 
; TX BIf'FER LSB 
883D D3A2 
716 
OUT 
CH1RDR 
; CHi RDR PORT 
8B3F 78 
717 
IIJY 
A.B 
; TX BIf'FER IISB 
8B48 D3R2 
718 
OUT 
CH1RDR 
; CHi RDR PORT 
8842 
81fF81 
719 TXDIII1: LXI 
B, TXTC 
; TX CH TERIIINRL CIUIT 
8845 
79 
728 
IIJY 
floC 
; TX TERIIINRL caM 
LSB 
8846 
D3R3 
721 
OUT 
CHiTC 
;CHi 
TC PORT 
8B48 78 
722 
IIJY 
A.B 
; TX TERIIINRL caM 
IISB 
8849 
DE 
723 
OUT 
CHiTC 
; CHi re 
PORT 
8B48 3£63 
724 
""I 
A.OOIfI 
;EIRl.£ 
~ 
I«RI) 
884D D3A8 
72S 
OUT 
~ 
;82S7 
~ 
PORT 
884F C9 
726 
RET 
; RETIJ1N 
727 ; 
728 ; 
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729 
; INERRII'T 
PROCES51NG 5ECTI~ 
718 
; 


8C88 
nt 
~ 
8C8eH 
732 
; 


733; 


734 
; RECEI'/ER 
INTERRIJ'T 
- R5T 7. 5 (LOC 300 
735 
; 


8C88 E5 
730 
RXI: 
PUSH 
H 
;5IWE IL 
IlC81 rs 
737 
PUSH 
PSW 
;5IWE 
PSW 
IIC82 C5 
718 
PUSH 
B 
;5IWE 
BC 
BC83 ()5 
m 
PUSH 
D 
;5IWE 
DE 
BC84 lE62 
748 
""I 
A.DmII 
; DI5IIJ.E 
RX 11III 
BC86 DlAB 
741 
M 
IDlES7 
;8257 
IQ)E 
f'(I!l' 
8C88 E8 
742 
""I 
A.18H 
; RESET R5T7. 5 FIf 
BC8A 38 
743 
51" 
8C88 1684 
744 
""I 
D.84H 
; D 15 RESlI. T CWITER 
BC8D 2A1828 
745 
UlJ) 
lMlR 
; GET l.M) 
POINTER 
BC18 E5 
746 
PUSH 
H 
;5IWE 
IT 
BCU 
E5 
747 
PUSH 
H 
; 5IWE IT fOIlN 
BC12 45 
748 
lIlY 
B.L 
;5IWE 
L5B 
BC13 2fI132II 
749 
UlJ) 
QRlR 
; GET COI5Il£ 
POINTER 
BC16 84 
758 RXI1: 
IN! 
B 
; IIlJI' 
LIR> POINTER L5B 
BC1778 
751 
lIlY 
A.B 
; GET SET TO TEST 
BC1S BD 
7'52 
CIf' 
L 
;L~? 
BC19 CllE4BII 
753 
JZ 
IIlFF\l. 
;~. 
BlFf£R 
FIll 
BC1C 15 
754 
DO! 
D 
;DECCWITER 
BClO C216BC 
755 
JNZ 
RXI1 
; lilT 
0(1£. 
m 
fOIlN 
BC29 1685 
756 
""I 
D.85H 
; RESET ro.t/TER 
BC22 E1 
757 
p(p 
H 
; RESTORE LIR> POINTER 
8C23 D898 
758 
RX12: 
IN 
STRm 
; READ STATUS 
BC25 £688 
759 
RNI 
RXINT 
; TEST RX INT BIT 
BC27 CR39IIC 
768 
JZ 
RXI3 
; DIJ£. 
00 FINISH 
Lf' 
BC2R D898 
761 
IN 
STAm 
; READ 5TRTU5 fOIlN 
BC2C EJi82 
762 
RNI 
RXIRR 
; 15 RESlI. T RfJfH? 
BC2E CR238C 
763 
JZ 
RXI2 
; Ill. 
TEST fOIlN 
BC31 OB9l 
764 
IN 
RXIR73 
;~. 
READ RESlI. T 
8Cl3 
77 
765 
lIlY 
",R 
;STORE 
IN BlFf£R 
8C14 2C 
766 
IN! 
L 
; INC BlFf£R 
POINTER 
8Cl5 
15 
767 
DO! 
0 
; DEC ro.t/TER 
8C16 C3238C 
768 
JJt> 
RXI2 
; GET ~ 
RESlI. TS 
8Cl9 
7R 
769 
RXIl: 
lIlY 
11.0 
; GET SET TO TEST 
8ClR 
R7 
778 
RNA 
R 
; fl.I. 
RESlI. TS? 


8C38 CR458C 
771 
JZ 
RXI4 
; YES. 50 FINISH 
Lf' 
8ClE 
l688 
m 
""I 
"'- 


;110. 
LIR> 8 TIL I)(JI[ 
8C4B 2C 
m 
IN! 
L 
;1IlJI' 
POINTER 
8C4115 
774 
DO! 
0 
; DEC ro.t/TER 
8C42 C339IIC 
775 
JJt> 
RXI3 
;00 
fOIlN 
8C45221828 
776 
RX14: 
5HLD 
lMlR 
; Lf'ORTE LIR> POINTER 
IC4B lR1:128 
m 
LOA 
PRII'T 
; IV 
IQ)E 
INOICRT1I! 
8C48 FE20 
778 
171 
'-' 
;IOIIR. 
~ 
8C4O CR858C 
m 
JZ 
RXI6 
;~, 
ClERN Lf' 1iEF0RE REl1JIII 
788 
781 
P(l..L IQ)E 
50 CI£O( 
COOR!l. 
BYTE 


782 
IF COOR!l. 
15 R P«L 
SET Lf' 5I'ECIRL 
lX COIIII) 
BlFf£R 
783 
IN) RElU!N 
WITH P(l..L IIIlICRTOR 
lilT 
8 
784 
IIC58 E1 
785 
p(p 
H 
; GET PREVIIlIS 
LIR> MlR POINTER 
8C51 
7E 
786 
lIlY 
A." 
; IV 
IC BYTE FRIll BlFFER 
611001-57 
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IlC52 E61E 
787 
RNI 
!EH 
; LOO( AT 00l) 
FRfI£ 
BITS 
8C54~ 
788 
JNZ 
RXI5 
; IF NOT g, 
INTERRlPT IIISN'T 
FRIll R 00l) 
FME 
8C57 2C 
789 
IhR 
L 
;8'/PRSS 
Re fill) Ri 
IN BlFFER 
8C'58 2C 
798 
IhR 
L 
8C592C 
791 
IhR 
L 
8C5R :!6 
m 
IIJY 
0," 
; GET IIlR BYTE fill) SIIYE IT IN 0 
8C5B 2C 
- 793 
IhR 
L 
8C5C lE 
794 
IIJY 
fL" 
; GET CHTl BYTE FRIll BlFFER 
8C5O FE93 
795 
CPI 
5NRII' 
; IllS 
IT ShRIH'? 
8C5F CR6C8C 
796 
JZ 
n 
;~, 
00 SET RESPOI5E 
8C62 FEU 
797 
CPI 
RI!IlP 
; IllS 
IT RR(8)-P? 
8C64~ 
798 
JNZ 
RXI5 
; YES, 00 SET RESP!IISE, 
OTlDIlSE 
RETIJiN 
IlC67 1£11 
m 
""I 
E, RR8F 
; RR(8)-P 
so SET RESPOI5E TO RR(8)-F 
8C69 C36E8C 
888 
JIf' 
TXRET 
; 00 FINISH LORDItIl SPECiAl 
BlFFER 
8C6C 1E73 
881 n 
""I 
E,HS/F 
; SIf!II-P 
so SET RESPOI5E TO HSII-f 
8C6E 212828 
882 TXRET: 
LXI 
K, Cll>llF1 
; SPECiAl 
BlFFER IIlR 
8C71 36C8 
S86 
""I 
1\,8C8H 
; LORD TJ( FME 
COIRI) 
8C73 23 
888 
INX 
H 
; It«: POINTER 
8C74 3688 
889 
""I 
1\,8IIH 
;L8=8 
• 


8C76 23 
818 
INX 
H 
; It«: POINTER 
8C77 3688 
811 
""I 
1\,8IIH 
;L1=8 
8C79 23 
812 
INX 
H 
; It«: POINTER 
8C7R 72 
813 
IIJY 
1\,0 
; LORD RCW IIlR BYTE 
8C7B 23 
814 
INX 
H 
; It«: POINTER 
8C7C 73 
815 
IIJY 
I\,E 
; LORD RESPOI5E CHTl BYTE 
8C71) 3E81 
816 
""I 
fL81H 
; SET POLL IN)lCAT1JI NOT 8 
8C7F J21628 
817 
STR 
POLIN 
; LORD POLL INOICAT1JI 
8C82 C3898C 
818 
JIf' 
RXI5 
; RETIJiN 
819 
8C85 E1 
828 RX16: 
PII' 
H 
; Cl.EIII lJ' 
STRCK IF /GIll. IO>E 
8C86 C3898C 
821 
JIf' 
RXI5 
;RETIJiN 
822 
8C89 C01A8B 
823 RX15: 
CfU 
RXIlIII 
; RESET ~ 
CIIN£I. 


ecoc 
D1 
824 
PII' 
0 
; RESTCIlE REGISTERS 
8C8O C1 
825 
PII' 
B 
8C8E F1 
826 
PII' 
PSN 
8CSf E1 
~ 
PII' 
H 
8C98 FB 
El 
; EIRlI1: 
INTERRlf'TS 
8C91 C9 
829 
RET 
; RETIJiN 
838 ; 
831 ; 
832 ; I£SSRlE 
T'II'£R - RSSIJIES I£SSRlE 
STfI1TS RT 11. 


833 ; 
834; 
8C92 cs 
835 rmsG: 
PUSH 
B 
; SIIYE 8C 
8C9l 
lE 
836 
1"IIISG2: 
IIJY 
fL" 
; GET ASCII CII! 
8C94 23 
837 
INX 
H" 
; ne POINTER 
8C95 FEFF 
838 
CPI 
8FFH 
; STlJ'? 


8C97 CM18C 
839 
JZ 
rmsG1 
YES, GET SET FIJI EXIT 
8C9fI 4F 
848 
IIJY 
C.R 
SET lJ' 
FIJI 01SI'UIY 
8C98 Cl>F8B5 
841 
CfU 
EOtJ 
OISI'UIY CII! 
8C9E C3938C 
842 
JIf' 
1"IIISG2 
GET NEXT CII! 
8CA1 C1 
843 
rmsG1: 
PII' 
B 
RESTCIlE 8C 
IICR2 C9 
844 
RET 
RETIJiN 
845 
846 
847 
SIGIOI 
~SI& 
848 
611001-58 
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"-a. r 
""'-1 il! 
9CC2 FF 
8S7 ; 
858 ; TRfIfSItITTER 
INTERRIJ'T I£S~ 
859 
; 
8CC3 80 
968 TXIIISG: DB 
eR, 'TX 1Nl - 
',8FFH 
8CC4 54582849 
8CC8 4£542821> 
eccc 
28 
8CCI) FF 
861 
; 


862 
; 


863 
; TRfIfSItITTER 
INTERRIJ'T RWTH£ 
864 ; 


8CCE E5 
965 TXI: 
PUSH 
H 
;SAYE It. 


8CCF rs 
966 
PUSH 
PSW 
;SAYE PSW 
8CI)8 CS 
867 
PUSH 
B 
;SAYE BC 
BCD1 OS 
968 
PUSH 
0 
;SAYE DE 
BC02 3£61 
869 
11II1 
A. OTDlfl 
; OISllll.£ 
TX DIll 
BC04 03R8 
878 
IlJT 
fIX)E57 
; B257 IUlE 
f'(J1T 
BC06 1684 
871 
11II1 
O,IMH 
;SET 
CWITER 
8CI)8 2111828 
872 
Ul.O 
LDfI)R 
; GET LOll) POINTER 
8CI)8 E5 
873 
PUSH 
H 
; SAYE IT 
BCOC 45 
874 
IllY 
B, L 
; SAYE LS8 IN B 
BCOO 2A1329 
875 
LILO 
CIRIR 
; lET C(II5(U 
POINTER 
BCES 84 
876 
TXI1: 
I~ 
B 
; It«: POINTER 
BCEl 78 
. 877 
IllY 
A.B 
; lET SET TO TEST 
BCE2 80 
878 
CIf> 
L 
; LOfI>:rom£? 
BCE3 Cfl:48R 
879 
12 
BlfFll. 
; YES, Il.fFER 
All 
BCE6 15 
888 
OCR 
D 
; NO, TEST /£Xl 
LOCATION 
BCE7 C2E8BC 
881 
JN2 
TXI1 
; TRY fQlIN 
BCEA El 
882 
PIP 
H 
; RE5T~ 
LOll) POINTER 
BCEB DB92 
883 
IN 
TXIR73 
; REA) RESI.1.T 


BC£D 77 
884 
IllY 
ILA 
; ~ 
IN Il.fFER 
BCEE 2C 
885 
I~ 
L 
; IHR POINTER 
BCEF 3688 
886 
11II1 
IL88H 
; EXTRfHlE5I.1. T SPOTS 8 
BCFl 2C 
887 
IHR 
L 
BCF2 3688 
888 
11II1 
IL88H 
BCF42C 
889 
I~ 
L 
BCF5 3688 
898 
11II1 
IL88H 
BCF7 2C 
891 
I~ 
L 
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OCF8 }bOO 
892 
11I/1, 
"·eeH 


8('F~ 2C 
m 
INf 
l 
OCFB 221020 
894 
SHlD 
lDfll)R 
,LlPDt1TElOfll) POINTER 
8CF£ C0358S 
899 
CAll 
TY.DI'Il 
'RESET DIIACHAIf£l 
II>e1 01 
9911 
POP 
0 
; RESTOREDE 


8Oe2 Cl 
981 
POP 
B 
,RESTORE BC 


8Oe3 Ft 
992 
POP 
PSI! 
; RESTOREPSW 


eo84 Ei 
983 
POP 
H 
;REST~E 
It. 


9095 FS 
984 
El 
,ENt1BlE INTERl!UPTS 
ooe6 
C9 
90S 
RH 
;RETI~ 
986 , 
987 , 
9S2 ; 
9';3 
, 


954 
Ell) 


PUBlIC SVIIBCtS 


EXTmfi. 
SVI180lS 
• 


USER SYllBOlS 
f\{)IIj 
A Q922 
AFCIfJ 
A 89CE 
BllFFll 
A eRE4 
CH9fl)R A eeAe 
CH8TC A IleAl 
CH1fI>R A IleA2 
CII1TC A IleA3 


CIlISl 
A 8927 
ClfJBFl A 2020 
CIt>8\.f A 2000 
C!tOOJT A 8ffl! 
Cll)REC A 9857 
C!«lE 
A Q9}1 
CIfI)R 
A 2813 
CNT953 A ee9C 
CNTt53 A 9891) 
CNT2S; A I!89E 
CNTlSi A 8889 
CNTlC 
A 8983 
CIMIH 
A 85118 
OB! 
A 898C 


COlt! 
A 9f£5 
C(]m 
A tlAEIl 
0ltQ 
A IIffF 
WII73 
A 8998 
CI'SF 
A 8928 
CR 
A eeeo 
CRI.F 
A fiB 
~ 
A 8988 
DEIltl£ 
A 2927 
C>Ispy 
A 1lA39 
OISPYl A 8A4£ 
OISPY2 A eA4i) 
0R!lI!A A 8862 
OTDlll 
A 8861 
ECMO 
A 8SF8 
EII>CHKA eAIB 
ENDIfl 
A 8863 
GOWN 
A 88FF 
UETCH A 861F 
UETCIlI A 8870 
GRCIC) A 119C4 
IllEG 
A 88A7 
lDfll)R 
A 2919 
IF 
A 009A 
lKBRl 
A 2917 
lKBR2 
A 2018 
lOOPIT A 9861 
1(.008 
A 8836 
IfJCNT2 A 88B6 
!(.ESl 
A 88CE 
/IOOE51 A 9Il9Il 
/IOOE57 A IleA8 
IOIT~ 
A Il888 
tfWT 
A 86C7 
NSIF 
A 8873 
Pfl!1 
A 8988 
PAR2 
A il8eI) 
PARIN 
A MIi 
Pfl!1N1 A eRE8 
PilRIN2 A IH>C 
PARINJ A 8AI!C 
~ 
A 8891 
PlUN 
A 2816 
PRII'T 
A 2815 
RllPT 
A 9AA2 
R1PT 
A 8AA7 
RBCItI) A 8978 
ROCIlI 
A Q971 
ROIfj 
A~ 


RDY 
A 8882 
RESIllf 
A 2088 
RESl73 A 8891 
ROCIlI 
A 8950 
Rf'CII) 
A Q9D8 
RR9F 
A 88U 
RR8P 
A 88U 
RSCItD A Q967 
RST6S 
A 28CE 
R5T75 
A 2004 
RXBUF A S208 
R;;[)Sl 
A 8888 
RXI.lIfI ~ 881A 
RXI 
A 8C88 


. RXll 
A 8C16 
RXI2 
A 8C2} 
RXI3 
~ 8C39 
RXI4 
A 8C4S 
R:<IS 
A 8CS9 
RXI6 
A 8CSS 
RXIIISG A 8C88 
RXINT 
A eoo8 
RxrR73 A 9Q93 
RXlRA 
A ee82 
RX51 
A 8A69 
RXS2 
A eA7F 
RXS3 
A 8A8O 
~ 
A 8A62 
RXTC 
A 41FF 
5BOO 
A Q9SS 
SDIlN 
A 881>7 
sr()O; 
A 80)1] 
SlOO 
A i!98f 
SIM' 
A 9Q93 
SOC/Ii 
A 89f16 
SPrIfJ 
A Q9E2 
SRC/(\ 
A Q98A 
SSCIlI 
A 99&l 
START A e.gee 
STATSl A 8889 
STATS7 A IleA8 
STAm 
A 8998 
STl:SRT A 28C8 
sw 
A Q943 
n 
A oc6c 
TBlfFl 
A 8A24 
TIIlfl 
A 8A87 
reru A 8A8O 
TDIfj 
A 898E 
TESTn 
A 8892 
TFCIfJ 
A Q9EC 
TFCIlIl 
A Q9F6 
TFRET A eA36 
TlCII) 
A Q999 
TRlE 
A 8988 
TRlE1 
A 8888 
TXBUF A 8898 
TXOSl 
A 8888 
TXI.lIfI A 883'5 
TX!>IfAlA 9842 
r..:r 
A 8CCE, 
TXIi 
A 8CE8 
TX!IISG A 8CD 
TX!NT 
A 8884 
TXrR73 A 9Q92 
n<!RA 
A 8881 
Ti>1'(X. A Q94C 
TXRET A 8C6E 
TXS~ 
A 8A47 
TXTC 
A 81FF 
MSG 
A 8C92 
T'r'llSGl A 8CAl 
MSG2 
A 8C93 
YfU)G 
A 87SE 


ASSEIIll y C~TE., 
Ii) ERRl11S 
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The 8274 Multiprotocol serial controller (MPSC) is a 
sophisticated dual-channel communications controller 
that interfaces microprocessor systems to high-speed 
serial data links (at speeds to 880K bits per second) 
using synchronous 
or asynchronous 
protocols. The 
8274 interfaces easily to most' common microprocessors 
(e.g., 8048, 8051, 8085, 8086, and 8088), to DMA con- 
trollers such as the 8237 and 8257, and to the 8089 I/O 
processor. Both MPSC communication 
channels are 
completely independent and can operate in a full-du- 
plex communication 
mode (simultaneous data trans- 
mission and reception). 


Communication 
Functions 


The 
8274 performs 
many 
communications-oriented 
functions, including: 
Converting data bytes 'from a microprocessor sys- 
tem into a serial bit stream for transmission over 
the data link to a receiving system. 
Receiving serial bit streams and reconverting the 
data into parallel data bytes that can easily be pro- 
cessed by the microprocessor system. 
Performing error checking during data transfers. 
Error checking functions include computing/trans- 
mitting error codes (such as parity bits or CRC 
bytes) and using these codes to check the validity of 
received data. 
Operating independently of the system processor in 
a manner designed to reduce the system overhead 
involved in data transfers. 


System Interface 


The MPSC system interface is extremely flexible, sup- 
porting the following data transfer modes: 
I. Polled Mode. The system processor 
periodically 
reads (POlls) an 8274 .status register to determine 
when a character has been received, when a charac- 
ter is needed for transmission, and when transmis- 
sion errors are detected. 


2. Interrupt 
Mode. The MPSC interrupts the system 
processor when a character has been received, when 
a character is needed for transmission, and when 
transmission errors are detected. 


3. DMA Mode. The MPSC automatically requests data 
transfers from system memory for both transmit and 
receive functions by means of two DMA request sig- 
nals per serial channel. These DMA request signals 
may be directly interfaced to an 8237 or 8257 DMA 
controller or to an 8089 I/O processor. 
4. WAIT Mode. The MPSC ready signal is used to syn- 
chronize processor data transfers by forcing the 
processor to enter wait states until the 8274 is ready 
for another data byte. This feature enables the 8274 
to interface directly to an 8086 or 8088 processor by 
means of string I/O instructions for very high-speed 
data links. 


Scope 


This application note describes the use of the 8274 in 
asynchronous 
communication 
modes. Asynchronous 
communication is typically used to transfer data to/ 
from video display terminals, modems, printers, and 
other low-to-medium-speed peripheral devices. Use of 
the 8274 in both interrupt-driven and polled system en- 
vironments is described. Use of the DMA and WAIT 
modes are not described since these modes are em- 
ployed mainly in synchronous communication systems 
where extremely high data rates are common. Pro- 
gramming examples are written in PL/M-86 (Appendix 
B and Appendix C). PL/M-86 
is executed by the 
iAPX-86 and iAPX-88 processor families. In addition, 
PL/M-86 is very similar to PL/M-80 (executed by the 
MCS-80 and MCS-85 processor families). In addition, 
Appendix D describes a simple application example us- 
ing an SDK-86 in an iAPX-86/88 environment. 


SERIAL-ASYNCHRONOUS 
DATA 
LINKS 


A serial asynchronous interface is a method of data 
transmission in which the receiving and transmitting 
systems need not be synchronized. Instead of transmit- 
ting clocking information with the data, locally gener- 
ated clocks (I6, 32 or 64 times as fast as the data trans- 
mission rate) are used by the transmitting and receiving 
systems. When a character of information is sent by the 
transmitting system, the character data is framed (pre- 
ceded and followed) by special START and STOP bits. 
This framing information permits the receiving system 
to temporarily synchronize with the data transmission. 
(Refer to Figure I during the following discussion of 
asynchronous data transmission.) 
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TIME- 
I 
I 
I' 


1-1- 
_1_0 


PARITY 
o 


CHARACTER (UPPER CASE S·53H) 


1 
0 
1 
0 
0 
1 
1 
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Figure 1. Transmission 
of a 7-Bit ASCII Character 
with Even Parity 
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Normally the data link is in an idle or marking state; 
continuously transmitting a "mark" (binary 1). When a 
character is to be sent, the character data bits are im- 
mediately preceded by a "space" (binary 0 START bit). 
The mark-to-space transition informs the receiving sys- 
tem that a character of information will immediately 
follow the start bit. Figure I illustrates the transmission 
of a 7-bit ASCII character (upper case S) with even 
parity. Note that the character is transmitted immedi- 
ately following the start bit. Data bits within the char- 
acter are transmitted from least-significant to most-sig- 
nificant. The parity bit is transmitted immediately fol- 
lowing the character data bits and the STOP framing 
bit (binary I) signifies the end of the character. 


Asynchronous interfaces are often used with human in- 
terface devices such as CRT/keyboard 
units where the 
time between data transmissions is extremely variable. 


VARIABLE DELAY BETWEEN 
CHARACTERS 


Characters 
• 


In asynchronous mode, characters may vary in length 
from five to'eight bits. The character length depends on 
the coding method used. For example, five-bit charac- 
ters are used when transmitting Baudot Code, seven-bit 
characters are required for ASCII data, and eight-bit 
characters are needed for EBCDIC and binary data. To 
transmit 
messages composed of multiple characters, 
each character is framed and transmitted 
separately 
(Figure 2). 
' 


This framing method ensures that the receiving system 
can easily synchronize with thestart 
and stop bits of 
each character, preventing receiver synchronization er- 
rors. In addition, this synchronization method makes 
both transmitting and receiving systems insensitive to 
possible time delays between character transmissions. 


Figure 2. Multiple Character 
Transmission 
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Framing 


Character framing is accomplished by the START and 
STOP bits described previously. When the START bit 
transition (mark-to-space) is detected, the receiving sys- 
tem assumes that a character of data will follow. In 
order to test this assumption (and isolate noise pulses 
on the data link), the receiving system waits one-half bit 
time and samples the data link again. If the link has 
returned to the marking state, noise is assumed, and the 
receiver waits for another START bit transition. 


When a valid START bit is detected, the receiver sam- 
ples the data link for each bit of the following charac- 
ter. Character data bits and the parity bit (if required) 
are sampled at their nominal centers until all required 
characters are received. Immediately following the data 
bits, the receiver samples the data link for the STOP 
bit, indicating the end of the character. Most systems 
permit specification of 1, 1'/., or 2 stop bits. 


Timing 


The transmitter and receiver in an asynchronous data 
link arrangement are clocked independently. Normally, 
each clock is generated locally and the clocks are not 
synchronized. In fact, each clock may be a slightly dif- 
ferent frequency. (In practice, the frequency difference 
should not exceed a few percent. If the transmitter and 
receiver clock rates vary substantially, errors will occur 
because data bits may be incorrectly 
identified as 
START or STOP framing bits.) These clocks are de- 
signed to operate at 16, 32, or 64 times the communica- 
tions data rate. These clock speeds allow the receiving 
device to correctly sample the incoming bit stream. 


Serial-interface data rates are measured in bits/second. 
The term "baud" is used to specify the number of times 
per second that the transmitted signal level can change 
states. In general, the baud is not equal to the bit rate. 
Only when the transmitted signal has two states (elec- 
tricallevels) is the baud rate equal to the bit rate. Most 
point-to-point serial data links use RS-232-C, RS-422, 
or RS-423 electrical interfaces. These specifications call 
for two electrical signal levels (the baud is equal to the 
bit rate). Modem interfaces, however, may often have 
differing bit and baud rates. 


While there are generally no limitations on the data 
transmission rates used in an aysnchronous data link, a 
limited set of rates has been standardized to promote 
equipment interconnection. These rates vary from 75 


bits per second to 38,400 bits per second. Table 1 illus- 
trates typical asynchronous data rates and the associat- 
ed clock frequencies required for the transmitter and 
receiver circuits. 
Table 1. Communication 
Data Rates and 
Associated 
Transmitter/Receiver 
Clock Rates 


Data Rate 
Clock Rate (kHz) 
(Bits/Second) 
X16 
X32 
X64 


75 
1.2 
2.4 
4.8 
150 
2.4 
4.8 
9.6 
300 
4.8 
9.6 
19.2 
600 
9.6 
19.2 
38.4 
1200 
19.2 
38.4 
76.8 
2400 
38.4 
76.8 
153.6 
4800 
76.8 
153.6 
307.2 
9600 
153.6 
307.2 
614.2 
19200 
307.2 
614.4 
- 
38400 
614.4 
- 
- 


Parity 


In order to detect transmission errors, a parity bit may 
be added to the character data as it is transferred over 
the data link. The parity bit is set or cleared to make 
the total number of "one" bits in the character" even 
(even parity) or odd (odd parity). For example, the let- 
ter "A" is represented by the seven-bit ASCII code 
10סס001(41H). The transmitted data code (with parity) 
for this character contains eight bits; 010סס001(41H) 
for even parity and 110סס001(OCIH) for odd parity. 
Note that a single bit error changes the parity of the 
received character and is therefore easily detected. The 
8274 supports both odd and even parity checking as 
well as a parity disable mode to support binary data 


, transfers. 


Communication 
Modes 


Serial data transmission between two devices can occur 
in one of three modes. In the simplex transmission 
mode, a data link can transmit data in one direction 
only. In the half-duplex mode, the data link can trans- 
mit data in both directions, but not simultaneously. In 
the full-duplex mode (the most common), the data link 
can transmit data in both directions simultaneously. 
The 8274 directly supports the full-duplex mode and 
will interface to simplex and half-duplex communica- 
tion data links with appropriate software controls. 
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Asynchronous 
data links often include a special se- 
quence known as a break condition. A break condition 
is initiated when the transmitting device forces the data 
link to a spacing state (binary 0) for an extended length 
of time (typically 150 milliseconds). Many terminals 
contain keys to initiate a break sequence. Under soft- 
ware control, the 8274 can initiate a break sequence 
when transmitting 
data and detect a break sequence 
when receiving data. 


MPSC SYSTEM 
INTERFACE 


Hardware 
Environment 


The 8274 MPSC interfaces to the system processor over 
an 8-bit data bus. Each serial I/O channel responds to 
two I/O or memory addresses as shown in Table 2. In 
addition, the MPSC supports non-vectored and vec- 
tored interrupts. 


The 8274 may be configured for memory-mapped or 
. I/O-mapped operation. 


The 8274-processor hardware interface can be config- 
ured in a flexible manner, depending on the operating 
mode 
selected-polled, 
interrupt-driven, 
DMA, 
or 
WAIT. Figure 3 illustrates typical MPSC configura- 
tions for use with an 8088 microprocessor in the polled 
and interrupt-driven modes. 


All serial-to-parallel conversion, parallel-to-serial con- 
version, and parity checking required during asynchro- 
nous serial I/O operation is automatically performed 
by the MPSC. 


Operational Interface 


Command, parameter, and status information is stored 
in 21 registers within the MPSC (8 writable registers 2 
and 2 readable registers for each channel, plus the in- 
terrupt vector register). These registers are all accessed 
by means of the command/status 
ports for each chan- 
nel. An internal pointer register selects which of the 
command or status registers will be written or read dur- 
ing a command/status 
access of an MPSC channel. 


Figure 4 diagrams the command/status 
register archi- 
tecture for each serial channel. In the following discus- 
sion, the writable registers ~ 
be referred to as WRO 
through WR7 and the readable registers will be re- 
ferred to as RRO through RR2. 


Table 2. 8274 Addressing 


CS 
A1 
Aa 
Read Operation 
Write Operation 


0 
0 
0 
Ch. A Data Read 
Ch. A Data Write 
0 
1 
0 
Ch. A Status Read 
Ch. A Command/Parameter 
0 
0 
1 
Ch. B Data Read 
Ch. B Data Write 
0 
1 
1 
Ch. B Status Read 
Ch. B Command/Parameter 
1 
X 
X 
High Impedance 
High Impedance 
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INT 
INT 


MPSC 
HIGHEST 
PRtORITY 


IPI 
IPOP-----<~IPI 


INT 
INTA 


IPOo-----<:]IPI 
IPOo------,--- 


MPSC 
LOWEST 
PRIORITY 
MPSC 


b) Daisy-Chained 
Interrupt 
Configuration 
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Figure 3. 8274 Hardware 
Interface 
for Polled and Interrupt-Driven 
Environments 


The least-significant three bits ofWRO are automatical- 
ly loaded into the pointer register every time WRO is 
written. After reset, WRO is set to zero so that the first 
write to a command register causes the data to be load- 
ed into WRO (thereby setting the pointer register). Af- 
ter WRO is written, the following read or write accesses 
the register selected by the pointer. The pointer is reset 
after the read or write operation is completed. In this 
manner, reading or writing an arbitrary MPSC channel 
register requires two I/O accesses. The first access is 
always a write command. This write command is used 
to set the pointer register. The second access is either a 
read or a write command; the pointer register (previ- 
ously set) will ensure that the correct internal register is 
read or written. After this second access, the pointer 
register is automatically reset. Note that writing WRO 


and reading RRO does not require presetting of the 
pointer register. 


During initialization and normal MPSC operation, var- 
ious registers are read and/or 
written by the system 
processor. These actions are discussed in detail in the 
following paragraphs. Note that WR6 and WR7 are 
not used in the asynchronous communication modes. 


RESET 


When the 8274 RESET line is activated, both MPSC 
channels enter the idle state. The serial output lines are 
forced to the marking state (high) and the modem in- 
terface signals (RTS, DTR) are forced high. In addi- 
tion, the pointer register is set to zero. 
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COMMAND/STATUS 


POINTER 
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Figure 4, Command/Status 
Register Architecture 
(Each Serial Channel) 


o 


0-----<-. 


o 
0---. 


o 


O-----i~ 


External/Status Latches 


The MPSC continuously monitors the state of four ex- 
ternal/status 
conditions: 
I. CTS-<:Iear-to-send input pin. 


2. CD-carrier-detect 
input pin. 
3. SYNDET-sync-detect 
input pin. This pin may be 
used as a general-purpose input in the asynchronous 
communication mode. 


4. BREAK-a 
break condition (series of space bits on 
the receiver input pin). 


A change of state in any of these monitored conditions 
will cause the associated status bit in RRO (Appendix 
A) to be latched (and optionally cause an interrupt). 


Error Reporting 


Three error conditions may be encountered during data 
reception in the asynchronous mode: 
I. Parity. If parity bits are computed and transmitted 
with each character and the MPSC is set to check 
parity (bit 0 in WR4 is set). a parity error will occur 
whenever the number of "I" bits within the charac- 
ter (including the parity bit) does not match the oddi 
even setting of the parity check flag (bit I in WR4). 
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2. Framing. A framing error will occur if a stop bit is 
not detected immediately following the parity bit (if 
parity checking is enabled) or immediately following 
the most-significant data bit (if parity checking is not 
enabled). 


3. Overrun. If an input character has been assembled 
but the receiver buffers are full (because the previ- 
ously received characters have not been read by the 
system processor), 
an overrun 
error 
will occur. 
When an overrun error occurs, the input character 
that has just been received will overwrite the imme- 
diately preceding character. 


Transmitter !Receiver 
Initialization 


In order to operate in the asynchronous mode, each 
MPSC channel must be initialized with the following 
information: 
I. Clock Rate. This parameter is specified by bits 6 and 
7 of WR4. The clock rate may be set to 16, 32, or 64 
times the data-link bit rate. (See Appendix A for 
WR4 details.) 
. 


2. Number of Stop Bits. This parameter is specified by 
bits 2 and 3 of WR4. The number of stop bits may be 
set to I, I'/., or 2. (See Appendix A for WR4 
details.) 
3. Parity Selection. Parity may be set for odd, even, or 
no parity by bits 0 and 1 of WR4. (See Appendix A 
for WR4 details.) 
4. Receiver Character Length. This parameter sets the 
length of received characters to 5,6,7, or 8 bits. This 
parameter is specified by bits 6 and 7 of WR3. (See 
Appendix A for WR3 details.) 
5. Receiver Enable. The serial-channel receiver opera- 
tion may be enabled or disabled by setting or clearing 
bit 0 of WR3. (See Appendix A for WR3 details.) 
6. Transmitter Character Length. This parameter sets 
the length of transmitted characters to 5, 6, 7, or 8 
bits. This parameter is specified by bits 5 and 6 of 
WR5. (See Appendix A for WR5 details.) Characters 
of less than 5 bits in length may be transmitted by 
setting the transmitted length to five bits (set bits 5 
and 6 ofWR5 to I). 
The MPSC then determines the actual number of 
bits to be transmitted from the character data byte. 
The bits to be transmitted must be right justified in 
the data byte, the next three bits must be set to 0 and 
all remaining bits must be set to 1. The following 
table illustrates the data formats for transmission of 
1 to 5 bits of data: 


'.umberof 
Bits, Transmitted 
07 06 05 04 03 02 01 DO (Character Length) 
1111000c 
1 
1 
1 
1 
000 
c 
c 
2 
11000ccc 
3 
1 
000 
c 
c 
c 
c 
4 
000 
c 
c 
c 
c 
c 
5 
7. Transmitter Enable. The serial channel transmitter 
operation may be enabled or disabled by setting or 
clearing bit 3 of WR5. (See Appendix A for WR5 
details.) 


For data transmissions via a modem or RS-232-C inter- 
face, the following information must also be specified: 
1. Request-to-Send/Data-Terminal-Ready. 
Must be set 
to indicate status of data terminal equipment. Re- 
quest-to-send is controlled by bit I of WR5 and data 
terminal ready is controlled by bit 7. (See Appendix 
A for WR5 details.) 
2. Auto Enable. May be set to allow the MPSC to auto- 
matically enable the channel transmitter 
when the 
clear-to-send signal is active and to automatically en- 
able the receiver when the carrier-detect signal is ac- 
tive. Auto Enable is controleld by bit 5 ofWR3. (See 
Appendix A for WR3 details.) 


During initialization, it is desirable to guarantee that 
the external/status 
latches reflect the latest interface 
information. Since up to two state changes are internal- 
ly stored by the MPSC, at least two Reset External/ 
Status Interrupt commands must be issued. This proce- 
dure is most easily accomplished by simply issuing this 
reset command whenever the pointer register is set dur- 
ing initialization. 


An MPSC initialization procedure (MF'SC$RX$INIT) 
for asynchronous communication is listed in Appendix 
B. Figure 5 illustrates typical MPSC initialization pa- 
rameters for use with this procedure. 


callMPSC$AX$INIT(41, 
1,1,0,1, 
3,1" 
3,1,1,0,1); 


initializesthe 6274 at address 41 as follows: 


X16 clockrate 
1 stop bit 
Odd parity 
8-bitcharacters 
(Tx and Ax) 


Enabletransmitter 
and receiver 
Autoenable set 
OTA and ATS set 
Breaktransmissiondisabled 


Figure 5. Sample 8274 Initialization 
Procedure 
for Polled Operation 
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In the polled mode, the processor must monitor the 
MPSC status by testing the appropriate bits in the read 
register. Data available, status, and error conditions are 
represented in RRO and RRl for channels A and B. An 
example of MPSC-polled transmitter/receiver 
routines 
are given in Appendix B. The following routines are 
detailed: 
I. MPSC$POLL$RCV$CHARACTER-This 
proce- 
dure receives a character from the serial data link. 
The routine waits until the character-available flag in 
RRO has been set. When this flag indicates that a 
character 
is available, RRl 
is checked for errors 


(overrun, 
parity, or framing). If an error is de- 
tected, the character 
in the MPSC receive buffer 
must be read and discarded and the error routine 
(RECElVE$ERROR) 
is called. If no receive errors 
have been detected, the character is input from the 
8274 data port and returned to the calling program. 
MPSC$POLL$RCV$CHARACTER 
requires three 
parameters-the 
address of the 8274 channel data 
port (data$port), 
the address of the 8274 channel 


command port (cmd$port), and the address of a byte 
variable in which to store the received character 
(character$ptr). 


2. MPSC$POLL$TRAN$CHARACTER-This 
pro- 


cedure transmits a character to the serial data link. 
The routine waits until the transmitter-buffer-empty 
flag has been set in RRO before writing the character 
to the 8274. 
MPSC$POLL$TRAN$CHARACTER 
requires 


three parameters-the 
address of the 8274 channel 
data port (data$port), the address of the 8274 chan- 
nel command port (cmd$port), and the character of 
data that is to be transmitted (character). 


3. RECEIVE$ERROR-This 
procedure processes re- 
ceiver errors. First, an Error Reset command is writ- 
ten to the affected channel. All additional error pro- 
cessing is dependent on the specific application. For 
example, the receiving device may immediately re- 
quest retransmission of the character or wait until a 
message has been completed. 
RECEIVE$ERROR 
requires two parameters-the 
address 
of 
the 
affected 
8274 
command 
port 
(cmd$port) and the 'error status (status) from 8274 
register RR I. 


Interrupt-Driven 
Operation 


In an interrupt-driven environment, all receiver opera- 
tions are reported to the system processor by means of 
interrupts. Once a character has been received and as- 
sembled, the MPSC interrupts the system processor. 
The system processor must then read the character 
from the MPSC data buffer and clear the current inter- 
rupt. During transmission, the system processor starts 


serial I/O by writing the first character of a message to 
the MPSC. The MPSC interrupts the system processor 
whenever the next character is required (i.e., when the 
transmitter buffer is empty) and the processor responds 
by writing the next character of the message to the 
MPSC data port for the appropriate channel. 


By using interrupt-driven I/O, the MPSC proceeds in- 
dependently 
of the system processor, signalling the 


processor only when characters are required for trans- 
mission, when characters are received from the data 
link, or when errors occur. In this manner, the system 
processor may continue execution of other tasks while 
serial I/O is performed concurrently. 


Interrupt Configurations 


The 8274 is designed to interface to 8085- and 8086- 
type processors in much the same manner as the 8259A 
is designed. When operating in the 8085 mode, the 8274 
causes a "call" to a prespecified, interrupt-service rou- 
tine location. In the 8086 mode, the 8274 presents the 
processor with a one-byte interrupt-type number. This 
interrupt-type number is used to "vector" through the 
8086 interrupt service table. In either case, the inter- 
rupt service address or interrupt-type number is speci- 
fied during MPSC initialization. 


To shorten interrupt 
latency, the 8274 can be pro- 
grammed to modify the prespecified interrupt vector so 
that no software overhead is required to determine the 
cause of an interrupt. When this "status affects vector" 
mode is enabled, the following eight interrupts are dif- 
ferentiated automatically by the 8274 hardware: 
1. Channel B Transmitter Buffer Empty. 
2. Channel B External/Status 
Transition. 


3. Channel B Character Available. 
4. Channel B Receive Error. 
5. Channel A Transmitter Buffer Empty. 
6. Channel A External/Status 
Transition. 
7. Channel A Character Available. 
8. Channel A Receive Error. 


Interrupt Sources/Priorities 


The 8274 has three interrupt sources for each channel: 
1. Receiver (RxA, RxB). An interrupt is initiated when 
a character is available in the receiver buffer or when 
a receiver error (parity, framing, or overrun) is de- 
tected. 


2. Transmitter 
(TxA, TxB). An interrupt is initiated 
when the transmitter buffer is empty and the 8274 is 
ready to accept another character for transmission. 
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3. External/Status (ExTA, ExTB). An interrupt is ini- 
tiated when one of the external/status conditions 
(CDE, CTS, SYNDET, BREAK) changes state. 


The 8274 supports two interrupt priority orderings (se- 
lectable during MPSC initialization) as detailed in Ap- 
pendix A, WR2, CH-A. 


Interrupt 
Initialization 


In addition to the initialization parameters required for 
polled operation, the followingparameters must be sup- 
plied to the 8274 to specify interrupt operation: 
1. Transmit Interrupt Enable. Transmitter-buffer-emp- 
ty interrupts are separately enabled by bit 10fWR1. 
(See Appendix A for WRl details.) 
2. Receive Interrupt Enable. Receiver interrupts are 


separately enabled in one of three modes:a) interrupt 
on first receivedcharacter only and on receiveerrors 
(used for message-orientedtransmission systems), b) 
interrupt on all received characters and on receive 
errors, but do not interrupt on parity errors, and c) 
interrupt on all received characters and on receive 
errors (including parity errors). The ability to sepa- 
rately disable parity interrupts can be extremely use- 
ful when transmitting messages.Since the parity er- 
ror bit in RR 1 is latched, it will not be reset until an 
error reset operation is performed. Therefore, the 
parity error bit will be set if any parity errors were 
detected in a multi-character message.If this mode is 
used, the serial I/O software must poll the parity 
error bit at the completion of a messageand issue an 
error reset if appropriate. The receiver interrupt 
mode is controlled by bits 3 and 4 of WR1. (See 
Appendix A for WRl details.) 


3. External/Status 
Interrupts. External/Status 
inter- 
rupts can be separately enabled by bit 0 ofWR1. (See 
Appendix A for WRl details.) 
4. Interrupt Vector. An eight-bit interrupt-service rou- 
tine location (8085) or interrupt type (8086) is speci- 
fied through WR2 of channel B. (See Appendix A 
for WR2 details.) Table 3 lists interrupt vector ad- . 
dresses generated by the 8274 in the "status affects 
vector" mode. 


5. "Status Affects Vector" Mode. The 8274 will auto- 
matically modify the interrupt vector if bit 3 ofWRl 
is set. (See Appendix A for WRl details.) 
6. System Configuration. Specifiesthe 8274 data trans- 
fer mode. Three configuration modes are available: 
a) interrupt-driven operation for both channels, b) 
DMA operation for both channels, and c) DMA op- 
eration for channel A, interrupt-driven operation for 
channel B. The system configuration is specified by 
means of bits 0 and 1 of WR2 (channel A). (See 
Appendix A for WR2 details.) 
7. Interrupt Priorities. The 8274permits software spec- 
ification of receive/transmit priorities by means of 
bit 2 of WR2 (channel A). (See Appendix A for 
WR2 details.) 
8. Interrupt Mode. Specifies whether the MPSC is to 
operate in a non-vectored mode (for use with an ex- 
ternal interrupt 
controller), in an 8086-vectored 
mode, or in an 8085-vectoredmode. This parameter 
is specified through bits 3 and 4 of WR2 (channel 
A). (See Appendix A for WR2 details.) 


An 
MPSC 
interrupt 
initialization 
procedure 
(MPSC$INT$INIT) is listed in Appendix C. 
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Table 
3. MPSC-Generated 
Interrupt 
Vectors 
in "Status 
Affects 
Vector" 
Mode 


Original 
Vector 
(Specified 
during 


V7 
V6 
V5 
V4 
V3 
V2 
V1 
VO 
V7 
V6 
V5 
V4 
V3 
V2 
V1 
VO 
Initialization) 


·8086 
8085 


" 
Interrupt' 


Interrupt 
Type 
Interrupt 
Location 
Condition 


V7 
V6 
V5 
V4 
V3 
0 
0 
0 
V7 
V6 
V5 
0 
0 
0 
V1 
VO 
Channel 
B Transmitter 
Buffer Empty 


V7 
V6 
V5 
V4 
V3 
0 
0 
1 
V7 
V6 
V5 
0 
0 
1 
V1 
VO 
Channel 
B External/Status 
Change 


V7 
V6 
V5 
V4 
V3 
0 
1 
0 
V7 
V6 
V5 
0 
1 
0 
V1 
VO 
Channel 
B Receiver 
. 
Character 
Available 


V7 
V6 
V5 
V4 
V3 
0 
1 
1 
V7 
V6 
V5 
0 
1 
1 
V1 
VO 
Channel 
B Receive 
Error 


V7 
V6 
V5 
V4 
V3 
1 
0 
0 
V7 
V6 
V5 
1 
0 
0 
V1 
VO 
Channel 
A Transmitter 
Buffer Empty 


V7 
V6 
'V5 
V4 
V3 
1 
0 
1 
V7 
V6 
V5 
1 
0 
1 
V1 
VO 
Channel A External/Status 
Change 


V7 
V6 
V5 
V4 
V3 
1 
1 
0 
V7 
V6 
V5 
1 
1 
0 
V1 
VO 
Channel 
A Receiver 
Character 
Available 


V7 
V6 
V5 
V4 
V3 
1 
1 
1 
V7 
V6 
V5 
1 
1 
1 
V1 
VO 
Channel 
A Receive 
Error 


Interrupt Service Routines 


Appendix C lists four interrupt service procedures, a 
butTer transmission 
procedure, and a butTerreception 
procedure that illustrate the use of the 8274 in inter- 
rupt-driven environments: Use of these procedures as- 
sumes that the 8086/8088 interrupt vector is set to 20H 
and that channel B is used with the "status atTectsvec- 
tor" mode enabled. 
1.TRANSMIT$BUFFER-This 
procedure begins se- 


rial transmission of a data butTer.Two parameters 
are required-a 
pointer to the butTer(buf$ptr) and 
the length of the buffer (buf$length). The procedure 
first sets the global buffer pointer, buffer length, and 
initial index for the transmitter-interrupt servicerou- 
tine and initiates transmission by writing the first 
character of the buffer to the 8274. The procedure 
then enters a wait loop until the 1/0 completion 
status is set by the transmit-interrupt service routine 
(MPSC$TRANSMIT$CHARACTER$INT). 
2. RECEIVE$BUFFER-This 
procedure inputs a line 


(terminated by a line feed) from a serial I/O port. 
Two parameters are required-a 
pointer to the input 
buffer (buf$ptr) and a pointer to the buffer length 
variable (buf$length$ptr). The buffer length will be 
set by this procedure when the complete line has 
been input. The procedure first sets the global butTer 
pointer and initial index for the receiver interrupt 
service routine. RECEIVE$BUFFER then enters a 
wait loop until the 1/0 completion status is set by 
the receive interrupt 
routine (MPSC$RECEIVE- 


-$CHARACTER$INT). 


3. MPSC$TRANSMIT$CHARACTER$INT 
-This 


procedure is executed when the MPSC Tx-buffer- 
empty interrupt is acknowledged. If the current 
transmit buffer index is less than the buffer length, 
the next character in the buffer is written to the 
MPSC data port and the buffer pointer is updated. 
Otherwise, the transmission complete status is post- 
ed. 


4. MPSC$RECEIVE$CHARACTER$INT -This 
pro- 


cedure is executed when a character has been assem- 
bled by the MPSC and the MPSC has issued a char- 
acter-available interrupt. If no input butTerhas been 
set up by RECEIVE$BUFFER, the character is ig- 
nored. If a butTerhas been set up, but it is full, a 
receive overrun error is posted. Otherwise, the re- 
ceived character is read from the MPSC data port 
and the butTerindex is updated. Finally, if the re- 
ceivedcharacter is a line feed,the reception complete 
status is posted. 


5. RECEIVE$ERROR$INT-This 
procedure is exe- 
cuted when a receive error is detected. First, the er- 
ror conditions are read from RRl and the character 
currently in the MPSC receivebuffer is read and dis- 
carded. Next, an Error Reset command is written to 
the atTectedchannel. All additional error processing 
is application dependent. 
6. EXTERNAL$STATUS$CHANGE$INT-This 


procedure is executed when an external status condi- 
tion change is detected. The status conditions are 
read from RRO and a Reset External/Status Inter- 
rupt command is issued. Further error processing is 
application dependent. 
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Serial Data Interface 


Each serial I/O channel within the 8274 MPSC inter- 
faces to two data link lines--one line for transmitting 
data and one for receiving data. During transmission, 
characters are converted from parallel data format (as 
supplied by the system processor or DMA device) into 
a serial bit stream (with START and STOP bits) and 
clocked out on the TxD pin. During reception; a serial 
bit stream is input on the RxD pin, framing bits are 
stripped out of the data stream, and the resulting char- 
acter is converted to parallel data format and passed to 
the system processor or DMA device. 
. 


Data Clocking 


As discussed previously, the frequency of data trans- 
mission/reception on the data link is controlled by the 
MPSC clock in conjunction 
with the programmed 
clock divider (in register WR4). The 8274 is designed to 
permit all four serial interface lines (TxD and RxD for 
each channel) to operate at different data rates, Four 
clock input pins (TxC and RxC for each channel) are 
available for this function. Note that the clock rate di- 
vider spcified in WR4 is used for both RxC and TxC on 
the appropriate channel; clock rate dividers for each 
channel are independent. 


Modem Control 


The following four modem interface signals may be 
connected to the 8274: 
1. Data Terminal Ready (DTR). This interface signal 
(output by the 8274) is software controlled through 
bit 7 of WR5. When active, DTR indicates that the 
data 
terminal/computer 
equipment 
is active and 


ready to interact 
with the data communications 
channel. In addition, this signal prepares the modem 
for connection to the communication channel and 
maintains connections previously established (e.g., 
manual call origination). 


2. Request To Send (RTS). This interface signal (out- 
put by the 8274) is software controlled through bit 1 
of WR5. When active, RTS indicates that the data 
terminal/computer 
equipment is ready to transmit 
data. When the RTS bit is reset in asynchronous 
mode, the signal does not go high until the transmit- 
ter is empty. 
3. Clear To Send (CfS). This interface signal (input to 
the 8274) is supplied by the modem in response to an 
active RTS signal. CfS indicates that the data termi- 
nal/computer 
equipment is permitted 
to transmit 
data. The state of CfS is available to the program- 
mer as bit 5 of RRO. In addition, if the auto enable 
control is set (bit 5 of WR3), the 8274 will not trans- 
mit data bytes until CTS has been activated. If CfS 
becomes inactive during transmission of a character, 
the current character transmission is completed be- 
fore the transmitter is disabled. 


4. Carrier Detect (CD). This interface signal (input to 
the 8274) is supplied by the modem to indicate that a 
data carrier signal has been detected and that a valid 
data signal is present on the RxD line. The state of 
CD is available to the programmer as bit 3 of RRO. 
In addition, if the auto enable control is set (bit 5 of 
WR3), the 8274 will not enable the serial receiver 
until CD has been activated. If the CD signal be- 
comes inactive during reception of a character, the 
receiver is disabled, and the partially received char- 
acter is lost. 


In addition to the above modem interface signals, the 
8274 SYNDET input pin for channel A may be used as 
a general-purpose input in the asynchronous communi- 
cation mode. The status of this signal is available to the 
programmer as bit 4 of status register RRO. 
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APPENDIX 
A 
COMMAND/STATUS 
DETAILS FOR ASYNCHRONOUS 
COMMUNICATION 


Write Register 0 (WRO): 


COMMAND/STATUS 
POINTER 


REGISTER 
POINTER 


r • 
• 1 
NULL CODE 


NOT USED IN ASYNCHRONOUS 
MODES 


RESET ElT/STATUS 
INTERRUPTS 


CHANNEL 
RESET 


ENABLE 
INTERRUPT 
ON NEXT 
R. 
CHARACTER 


RESET l.INT 
PENDtNO 


EAAORRESET 


BID OF MERRIIPT le.. A...." 


NOT USED IN ASVNCHRONOUS 
MOOES 
210311-6 


02,01,DO 
Command/Status 
Register 
Pointer 
bits 


determine which write-register the next 
byte is to be written into, or which read- 
register the next byte is to be read from. 
After reset, the first byte written into ei- 
ther channel goes into WRO. Following a 
read or write to any register (except WRO) 
the pointer will point to WRO. 
05,04,03 
Command bits determine which of the ba- 
sic seven commands are to be performed. 
Command 0 Null-has 
no etTect. 


Command 1 Note used in asynchronous modes. 
Command 2 Reset External/Status 
Interrupts-resets 
the latched status bits of RRO and reena- 
bles them, allowing interrupts 
to occur 


again. 


Command 3 Channel Reset-resets 
the Latched Status 
bits of RRO, the interrupt prioritization 


logic and all control registers for the chan- 
nel. Four extra system clock cycles should 
be allowed for MPSC reset time before 
any additional commands or controls are 
written into the channel. 


Command 4 Enable Interrupt on Next Receive Charac- 
ter-if 
the 
Interrupt-on-First-Receive 


Character mode is selected, this command 
reactivates that mode after each complete 
message is received to prepare the MPSC 
for the next message. 


Command 5 Reset Transmitter 
Interrupt 
Pending-if 


the Transmit Interrupt mode is selected, 
the MPSC automatically interrupts 
data 


when the transmit butTer becomes empty. 
When there are no more characters to be 
sent, issuing this command prevents fur- 
ther transmitter interrupts until the next 
character has been completely sent. 


Command 6 Error 
Reset--error 
latches, 
Parity 
and 


Overrun errors in RRI are reset. 


Command 7 End of Interrupt-resets 
the interrupt-in- 


service latch of the highest-priority inter- 
nal device under service. 


Write Register 
1 (WR 1): 
DO 
External/Status 
Interrupt Enable-allows 


interrupt to occur as the result of tran- 
sitions on the CO, CTS or SYNOET in- 
puts. Also allows interrupts as the result 
of a Break! Abort detection and termina- 
tion, or at the beginning of CRC, or sync 
character transmission when the Transmit 
Underrun/EOM 
latch becomes set. 


01 
Transmitter Interrupt/DMA 
Enable-al- 


lows the MPSC to interrupt or request a 
OMA transfer when the transmitter butTer 
becomes empty. 


D2 
Status Affects Vector-{WRI, 
02 active 


in channel B only.) If this bit is not set, 
then the fixed vector, programmed 
in 


WR2, is returned from an interrupt 
ac- 


knowledge sequence. If the bit is set, then 
the vector returned from an interrupt ac- 
knowledge is variable as shown in the In- 
terrupt Vector Table. 
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Write Register 
1 (WR1): 
Write Register 2 (WR2): Channel A 


Mse 
Lse 


ID71° 
I D5ID':D31~2IDll 
001 
~ 
I 
EXl 
INTERRUPT 


ENABLE 


TxlNTERRUPTf 


- 
OM .•. ENABLE 


.. 
1 
VARIABLE 
STATUS AFFECTS 
VECTOR 
VECTOR (CH B ONLY) 
0 
FIXED 
(NULL CODE CH A) 
VECTOR 


~ 


0 
0 
RxlNTfDUA 
DISABLE 


1 


0 
1 
RalNT ON FIRST CHAR OR SPECIAL 
CONDITION 


1 
0 
INT ON All 
Ra CHAR 
(PARITY 
AFFECTS 
VECTOR) OR SPECIAL 
CONDITION 


1 
1 
INT OH ALL RI: CHAR (PARITY 
DOES 
NOT AFFECT 
VECTOR) OR SPECIAL 
CONDITION 


1 
WAIT ON Ra. 0 
_ WAIT ON Tx 


MUSTBEZERQ 


WAIT ENABLE 
1 . EHABLE.O 
DISABLE 


210311-7 


D4,03 


00 
o I 


Receive Interrupt Mode. 
Receive Interrupts/DMA 
Disabled. 


Receive Interrupt on First Character Only 
or Special Condition. 
Interrupt 
on All Receive Characters 
of 
Special Condition (parity Error is a Spe- 
cial Receive Condition). 
Interrupt 
on All Receive Characters 
or 
Special Condition (Parity Error is not a 
Special Receive Condition). 
Wait on Receive/Transmit-when 
the fol- 
lowing conditions are met, the RDY pin is 
activated, otherwise it is held in the High- 
Z state. (Conditions: Interrupt 
Enabled 
Mode, Wait Enabled, CS = 0, AO = 0/1, 
and Al = 0). The RDY pin is pulled low 
when the transmitter buffer is full or the 
receiver buffer is empty and it is driven 
High when the transmitter buffer is empty 
or the receiver buffer is full. The RDY A 
and RDYB may be wired or connected 
since only one signal is active at anyone 
time while the other is in the High Z state. 
Must be Zero. 
Wait Enable-enables 
the wait function. 


I 0 


I I 


D5 


D6 
D7 
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Mse 


I D7 : 
0 I D5 I D' : D3 I D21 Dl : DO I 
~ 
~ 


0 
0 
BOTH INTERRUPT 


0 
1 
A OM .•.. B INT 


( , 


1 
0 
aOTHDM" 


1 
1 
IllEGAL 


1 = PRIORITY RaA >RxS>ra"'> 


TxB >EXTA' > EXTS' 


0 
PRIORITV 
RxA >1a'" 
>RxB > 
~ 
TaB >EXTA' 
>EXTS' 


0 
0 
8085 MODE 
1 


0 
1 
8085 MODE 
2 


t . 
0 
8086188 MODE 


1 
1 
ILLEGAL 


1 = VECTORED 
INTERRUPT 


0 
NON YECTORED 
INTERRUPT 


MUST 
BE ZERO 


.. 
1 
PIN 10 = SYNDET e 


o 
PIN 10 = RTSe 


NOTE: 
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'External 
Status 
Interrupt-only 
if EXT Interrupt 
Enable 
(WR1; DO) is set. 


Dl,DO 
System Configuration-These 
specify the 
data transfer from MPSC channels to the 
CPU, either interrupt or DMA based. 
Channel A and Channel B both use inter- 
rupts. 


Channel A uses DMA, Channel B uses in- 
terrupt. 


Channel 
A 
and 
Channel 
B both 
use 
DMA. 
Illegal Code. 
Priority-this 
bit specifies the relative pri- 
orities of the internal MPSC interrupti 
DMA sources. 
(Highest) 
RxA, 
TxA, 
RxA, 
RxB, 


TxBExTA, ExTB (Lowest). 
(Highest) RxA, RxB, TxA, TxB, ExTA, 
ExTB (Lowest). 


00 


o I 


I 0 


1 I 
D2 


o 


inter 
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D5,D4,D3 


oxx 


Interrupt Code-specifies 
the behavior of 
the MPSC when ~t receives an interrupt 
acknowledge sequence-from 
the CPU. (See 
Interrupt Vector Mode Table.) 
Non-vectored 'interrupts-intended 
for 
use with an external interrupt controller 
such as the 8259A. 
8085 Vector Mode I-intended 
for use as 
the primary MPSC in a daisy-chained pri- 
ority structure. 


8085 Vector Mode 2-intended 
for use as 
any secondary MPSC in a daisy-chained 
priority structure, 


8086/88 Vector Mode-s-intended for 'use 
as either a primary or secondary in a dai- 
sy-chained priority structure. 
Must be Zero. 


100 


I 0 I 


I I 0 


D6 
D7 
o 
I 
Pin 10 = RTSB' 
Pin 10 = SYNDETB. 


Write Register 2 (WR2): Channel B 


MSB 
LSB 
In:~:":":~:":~:~I 
'-----------~--------~--~ 


Interrupt 


Vector 
210311-9 


D7-DO 
Interrupt 
vector-this 
register 
contains 
the value of the interrupt vector placed on 
the 
data 
bus 
during 
aoknowledge 
se- 
quences. 


Write Register 3 (WR3): 


Rx ENABLE 


'-------- 
NOT USED IN 
ASYNCHRONOUS 
MOOES 


L--.:...:::.:.......~-~---AUTO 
ENABLES 


Rx 5 BITS/CHAR 


Rx 7 BITS/CHAR 


Rx 6 BITS/CHAR 


Rx 8 BITS/CHAR 
210311-10 • 


DO 


D5 


D7,D6 
00 
o I 
I 0 
I I 
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Receiver Enable-a 
one enables the re- 


ceiver to begin. This bit should be set only 
after the receiver has been initialized. 
Auto Enables-a 
one written to this bit 


causes CD to be an automatic enable sig- 
nal for the receiver and CTS to be an auto- 
matic enable signal for the transmitter. A 
zero written to this bit limits the effect of 
CD and, CTS signals to setting/resetting 
their corresponding bits in the status regis- 
ter (RRO). 


Receiver Character ,length. 
Receive 5 Data bits/character. 
, 


Receive 7 Data bits/character. 
Receive 6 Data bits/character. 
Receive 8 Data bits/character. 


inter 
Ap·134 


Write Register 4 (WR4): 
Write Register S (WRS): 


1 ~ EVEN PARITY 


1 ' 
ENABLE PARITY 
OT USED IN 
o • DISABLE PARITY 
ASYNCHRONOUS MODES 


RTS 


X32 CLOCK 


X64 CLOCK 


DO 
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Dl 


D3,D2 
00 
o 1 


1 0 


1 1 


D7,D6 


00 
o 1 


o " ODD PARITY 


o 
0 
ENABLE SYNC MODES 


o 
1 
1 STOP BIT 


1 
0 
1.5 STOP BITS 


1 
1 
2 STOP BITS 


NOT USED IN ASYNCHRONOUS MODES 


A 


Xl CLOCK 


o . 
X16CLOCK 


Parity-a 
one in this bit causes a parity bit 
to be added to the programmed 
number 
of 
data bits per character 
for both the trans- 
mitted 
and 
received 
character. 
If 
the 
MPSC is programmed 
to receive 8 bits per 
character, 
the parity 
bit is not transferred 
to the microprocessor. 
With other receiver 
character 
lengths, 
the parity 
bit is trans- 
ferred 
to the microprocessor. 
. 


Even/Odd 
Parity-if 
parity 
is enabled, 
a 
one in this bit causes 
the MPSC 
to trans- 


mit and expect even parity, 
and zero caus- 
es it to send and expect odd parity. 


Stop Bits. 


Selects synchronous 
modes. 


Async 
mode, 
1 stop bit/character. 


Async 
mode, 
1Y. stop bits/character. 


Async 
mode, 
2 stop bits/character. 


Clock 
mode-selects 
the 
clock/data 
rate 
multiplier 
for both 
the 
receiver 
and 
the 
transmitter. 
If the lx mode is selected, 
bit 
synchronization 
must be done externally. 


Clock rate = Data 
rate 
X 1. 


Clock rate = Data rate X 16. 


1 0 
Clock rate = Data 
rate 
X 32. 


1 1 
Clock rate = Data 
rate 
X 64. 


'----NOT 
USED IN 
ASYNCHRONOUS MODES 


'------TlI 
ENABLE 


'- 
SEND BREAK 


TlI5 lilTS OR LESs/CHAR 


TlI7 BITS/CHAR 


.0 
T. I BITS/CHAR 


T. I BITs/CHAR 


'---- 
DTR 


Dl 
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D3 


D4 


D6,D5 
00 
o 1 


1 0 


1 1 


Request 
to Send-a 
one in this bit forces 
the RTS pin active 
(low) and zero in this 
bit 
forces 
the 
RTS 
pin 
inactive 
(high). 


When the RTS bit is reset in asynchronous 
mode, the signal does not go inactive 
until 
the transmitter 
is empty. 


Transmitter 
Enable-a 
zero 
in 
this 
bit 
forces 
a marking 
state 
on the transmitter 
output. 
If this bit is set to zero during 
data 
or sync character 
transmission, 
the mark- 
ing state is entered 
after the character 
has 
been sent. 
If this bit is set to zero during 
transmission 
of a CRC 
character, 
sync or 
flag bits are substituted 
for the remainder 
of the CRC 
bits. 


Send 
Break-a 
one in this 
bit forces 
the 
transmit 
data low. A zero in this bit allows 
normal 
transmitter 
operation. 


Transmit 
Character 
length. 


Transmit 
5 or less bits/character. 


Transmit 
7 bits/character. 


Transmit 
6 bits/character. 


Transmit 
8 bits/character. 


Bits to be sent must 
be right justified, 
least-significant 
bit first, e.g.: 


D7 D6 D5 D4 D3 D2 Dl 
DO 


o 
0 
B5 B4 B3 B2 Bl BD 
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Read Register 0 (RRO): 


1nl PENDING 
(CHA 
ONLY) 


L.':'-__ 
T. BUFFER 
EMPTY 


L. __ 
--:,--,- 
SYNDET 


L. 
CARRIER 
DETECT 


L-_","",,,,,"",,_-,,,,-,,,,,, 
CTS 


L- 
~ 
__ 
NOT USED 
IN 


ASYNCHRONOUS 
MODES 


L-_~~ 
__ 
~_~ 
~__ 
BREAK 


DO 


Dl 


D2 


D3 


D4 


Receive Character Available-this 
bit is 
set when the receive FIFO contains data 
and is reset when the FIFO is empty. 
Interrupt 
Pending-This 
Interrupt-Pend- 
ing bit is reset when an EOl command is 
issued and there is no other interrupt re- 
quest pending at that 
time. In vector 
mode, this bit is set at the falling edge of 
the second INT A in an INT A cycle for an 
internal interrupt 
request. In non-vector 
mode, this bit is set at the falling edge of 
RD input after pointer 2 is specified. This 
bit is always zero in Channel B. 
Transmit Buffer Empty-This 
bit is set 
whenever the transmit buffer is empty ex- 
cept when CRC characters are being sent 
in a synchronous mode. This bit is reset 
when the transmit buffer is loaded. This 
bit is set after an MPSC reset. 
Carrier Detect-This 
bit contains the state 
of the CD pin at the time of the last 
change of any of the External/Status 
bits 
(CD, CTS, Sync/Hunt, 
Break! Abort, or 
Tx Underrun/EOM). 
Any change of state 
of the CD pin causes the CD bit to be 
latched and causes an External/Status 
in- 
terr!!£!.:This bit indicates current state of 
the CD pin immediately following a Reset 
External/Status 
Interrupt command. 
SYNDET-In 
asynchronous 
modes, the 
operation of this bit is similar to the CD 
status bit, except that it shows the state of 
the SYNDET 
input. Any High-to-Low 
transition on the SYNDET pin sets this 
bit, and causes an External/Status 
inter- 
rupt 
(if enabled). The Reset External/ 
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D5 


D7 


EXTERNAL 
STATUS 
INTERRUPT 
MODE 


210311-13 


Status Interrupt 
command 
is issued to 
clear the interrupt. A Low-to-High tran- 
sition clears this bit and sets the External/ 
Status 
interrupt. 
When 
the 
External/ 


Status interrupt 
is set by the change in 
state of any other input or condition, this 
bit 
shows 
the 
inverted 
state 
of 
the 
SYNDET pin at time of the change. This 
bit must be read immediately following a 
Reset External/Status 
Interrupt command 
to read the current state of the SYNDET 
input. 
Clear to Send-this 
bit contains the in- 
verted state of the CTS pin at the time of 
the last change of any of the External/ 
Status bits (CD, CTS, Sync/Hunt, Break! 
Abort, 
or 
Tx 
Underrun/EOM). 
Any 
change of state of the CTS pin causes the 
CTS bit to be latched and causes an Exter- 
nal/Status interrupt. This bit indicates the 
inverse of the current state of the CTS pin 
immediately following a Reset Externall 
Status Interrupt command. 
Break-in 
the 
Asynchronous 
Receive 
mode, this bit is set when a Break se- 
quence (null character plus framing error) 
is detected in the data stream. The Exter- 
nal/Status 
interrupt, 
if enabled, 
is set 


when break 
is detected. 
The 
interrupt 
service routine must issue the Reset Exter- 
nal/Status 
Interrupt 
command 
(WRO, 


Command 2) to the break detection logic 
so the Break sequence termination can be 
recognized. 


inter 
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Read Register 
1 (RR1): 


-----NOT 
USEDINASYNCHRONOUS 
MODES 


'-----------PARITY 
ERROR 


L-~-------------R.OVERRUNERROR 


'- 
__ 
-'- 
----' 
CRC/FRAMING 
ERROR 


210311-14 
'----------- 
'-- __ 
NOTUSEDINASYNCHRONOUS 
MODES 


The Break bit is reset when the termination 
of the 
Break sequence is detected in the incoming data stream. 
The termination of the Break sequence also causes the 
External/Status 
interrupt to be set. The Reset Exter- 
nal/Status Interrupt command must be issued to enable 
the break detection logic to look for the next Break 
sequence. A single, extraneous null character is present 
in the receiver after the termination 
of a break; it 
should be read and discarded. 
DO 
All sent-this 
bit is set when all characters 
have been sent. It is reset when characters 
are in the transmitter. 
In synchronous 
modes, this bit is always set. 


Read Register 2 (RR2): 


04 


05 


Parity Error-if 
parity is enabled, this bit 
is set for received characters whose parity 
does not match the programmed 
sense 
(Even/Odd). This bit is latched. Once an 
error occurs, it remains set until the Error 
Reset command is written. 
Receive Overrun Error-this 
bit indicates 
that the receive FIFO has been overloaded 
by the receiver. The last character in the 
FIFO is overwrittenand flagged with this 
error. Once the overwritten character is 
read, this error condition is latched until 


MSB 
LSB 
I V7 : V6: vs : v.· : V3· : V2.: 
V1.: vo·1 


•VarlebleIn 
~I::'nt_e_:_rr_u'-Pt--~~- 
Stetu. Affect. 
Vector 
Vector Mode (WR1; 02) 
210311-15 


06 


reset by the Error Reset command. If the 
MPSC is in the "status affects vector" 
mode, the overrun causes a Special Re- 
ceive Error Vector. 
Framing Error-e-in 
async modes, a one in 
this bit indicates a receive framing error. 
It can be reset by issuing an Error Reset 
command. 
Channel B 
RR2 


07-DO 
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Interrupt 
vector-s-contains 
the interrupt 
vector 
programmed 
into 
WR2. 
If the 
"status affects vector" mode is selected, it 
contains the modified vector. (See WR2.) 
RR2 contains the modified vector for the 
highest priority interrupt 
pending. If no 
interrupts are pending, the variable bits in 
the vector are set to one. May be read 
from Channel B only. 
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APPENDIX 
B 
MPSC-POLLED 
TRANSMIT/RECEIVE 
CHARACTER 
ROUTINES 


MPSC$RX$INIT: 
procedure 


declare 
cmd$port 
clock$rate 
stop$bits 
parity$type 
parity$enable 
rx$char$length 
rx$enable 
auto$enable 
tX$char$length 
tx$enable 
dtr 
brk 
rts 


ou tp'ut(cmd$port) = 30H; 


(cmd$port, 
clock$rate,stop$bits,parity$type,parity$enable, 
rx$char$length,rx$enable,auto$enable, 
tx$char$length,tx$enable,dtr,brk,rts) 
; 


byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte; 


/* channel 
reset 
*/ 


output(cmd$port)=14H; 
/* 
point 
to WR4 
*/ 
/* 
set 
clock 
rate, 
stop 
bits, 
and .parity 
information 
*/ 


output(cmd$port)=shl(clock$rate,6) 
or 
shl(stop$bits,2) 
or 
shl(parity$type,l) 
or parity$enable; 


output(cmd$port)=13H; 
/* 
point 
to WR3 */ 
/* 
set 
up 
receiver 
parameters 
*/ 


output(cmd$port)=shl(rx$char$length,6) 
or 
rx$enable 
or 
shl(auto$enable,5); 


output(cmd$port)=15H; 
/* point 
to WR5 
*/ 
/* 
set 
up 
transmitter 
parameters 
*/ 
output(cmd$port)=shl(tx$char$length,5) 
or 
shl(tx$enable,3) 
or 
shl(dtr,7) 
or 
shl(brk,4) 
or 
shl(rts,l); 


end 
MPSC$RX$INIT; 


210311-16 


.. 


2-367 


• 


'"'! 
return 
0: 
end; 


else 
do; 
character=input 
(data$port) ; 
return 
OFFH; 
end; 
/* 
good 
return 
- 
character 
avail 
*/ 


/* 
error 
return 
- 
no 
character 
avail 
~/ 


end 
MPSC$POLL$RCV$CHARACTER; 


MPSC$POLL$TRAN$CHARACTER: 
procedure(data$port,cmd$port,character); 


declare 
data$port 
cmd$port 
character 


byte, 
byte, 
byte; 


declare 
tx$buffer$empty 
literally 
'4'; 


/* wait 
for 
transmitter 
buffer 
empty 
*/ 
while 
not 
(input(cmd$port) 
and 
tx$buffer$empty) 
do; 
end; 


1* output 
character 
*/ 


output(data$port)=character; 


end 
MPSC$POLL$TRAN$CHARACTER; 


RECElVE$ERROR: 
procedure(cmd$port,status); 


declare 
cmd$port 
status 
byte, 
byte; 


output(cmd$port)=30H; 
1* 
error 
reset 
*/ 


/* **. 
other 
application 
dependent 
error 
processing 
should 
be placed 
here 
*** 
*/ 


end-RECElVE$ERROR; 


210311-17 


2·368 


inter 
AP·134 


TRANSMIT$BUFFER: 
procedure(buf$ptr,buf$length) 


declare 


buf$ptr 
buf$length 
pointer, 
byte; 


/* 
set 
up 
transmit 
buffer 
pointer 
,and buffer 
length 
in global 
variables 
for 
interrupt 
service 
*/ 
tx$buffer$ptr=buf$ptr; 
transmit$length=buf$length; 


transmit$status=not$complete; 
output(data$port)=transmit$buffer(O); 
transmit$index=l; 


/* 
setup 
status 
for 
not 
complete 
*/ 
/* 
transmit 
first 
character 
*/ 


/* first 
character 
transmitted 
*/ 


/* wait 
until 
transmission 
complete 
or 
error 
detected 
*/ 


while 
transmit$status 
= 
not$complete 
do; 
end; 


if 
transmit$status 
<> 
complete 
then 
return 
false; 
else 
return 
true; 


end 
TRANSMIT$BUFFER; 


RECElVE$BUFFER: 
procedure 
(buf$ptr,buf$length$ptr); 


declare 
buf$ptr 
buf$length$ptr 
buf$length 


pointer, 
pointer, 
based 
buf$length$ptr 
byte; 


/* 
set 
up 
receive 
buffer 
pointer 
in global 
variable 
for 
interrupt 
service 
*/ 
rx$buffer$ptr=buf$ptr; 
receive$index=O; 


receive$status=not$completei 
/* set 
status 
to not 
complete 
*/ 


'/* wait 
until 
buffer 
received 
*/ 
while 
receive$status 
= 
not$complete 
do; 
end; 


bufSlength=receive$length; 
if 
receive$status 
= complete 
then 
return 
true; 
else 
re.turn false: 


end 
RECElVE$BUFFER; 
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APPENDIX 
C 
INTERRUPT-DRIVEN 
TRANSMIT IRECEIVE 
SOFTWARE 


declare 


/* 
global 
variables 
for 
buffer 
manipulation 
*/ 


rx$buffer$ptr 
receive$buffer 
based 
receive$status 
receive$index 
receive$length 


tX$buffer$ptr 
transmit$buffer 
based 


transmit$status 
transmit$index 
transmit$length 


cmd$port 
data$port 
a$cmd$port 
b$cmd$port 
line$feed 
not$complete 
complete 
overrun 


channel$reset 
ecror$reset 
reset$ext$status 


pointer, 
rx$buffer$ptr(128) 
byte 
initial(O), 


byte, 
byte, 


pointer, 
tx$buffer$ptr(128) 


byte 
initial (0) r 
byte, 
byte, 


literally 
'43H', 


literally'41H', 
literally 
'42H', 
literally'43H', 
literally'OAH', 
literally 
'0', 
literal~y 
'OFFH', 
literally 
'1', 


1 terally 
'18H', 
1 terally 
'30H', 
1 terally 
'lOH'; 


/* pointer 
to receive 
buffer 
*/ 


byte, 


/* 
indicates 
receive 
buffer 
status 
*/ 
/* 
current 
index 
into 
receive 
buffer 
*/ 
/* 
length 
of 
final 
receive 
buffer 
*/ 


/* pointer 
to transmit 
buffer 
*/ 
byte, 


/* 
indicates 
transmit 
buffer 
status 
*/ 
/* current 
index 
into 
transmit 
buffer 
*/ 
/* 
length 
of buffer 
to be 
transmitted 
*/ 
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MPSC$INT$INIT: 
procedure 
(clock$rate,stop$bits,parity$type,parity$enable, 
rx$char$length,rx$enable,auto$enable, 
tx$char$length,tx$enable,dtr,brk,rts, 
ext$en,tx$en,rx$en,stat$affects$vector, 
config,priority,vector$int$mode,int$vector) 
; 


declare 
I 


clock$rate 
byte, 
1* 2-bit 
code 
for clock 
rate 
divisor 
*1 
stop$bits 
byte, 
1* 
2-bit 
code 
for 
number 
of 
stop 
bits 
*1 
parity$type 
byte, 
1* l-bit 
parity 
type 
*1 


parity$enable 
byte, 
1* l-bit 
parity 
enable 
*1 


rx$char$length 
byte, 
1* 2-bit 
receive 
character 
length 
*1 


rx$enable 
byte, 
1* l-bit 
receiver 
enable 
*1 


auto$enable 
byte, 
1* 
l-bit 
auto 
enable 
flag *1 


tx$char$length 
byte, 
1* 2-bit 
transmit 
character 
leng th *1 


tx$enable 
byte, 
1* l-bit ·transmitter 
enable 
*1 
dtr 
byte, 
1* l-bit 
status 
of 
DTR 
pin *1 
brk 
byte, 
1* l-bit 
data 
link 
break 
enable 
*1 


rts 
byte, 
1* l-bit 
status 
of 
RTS 
pin *1 


ext$en 
byte, 
1* l-bit 
external/status 
enable 
*1 


tx$en 
byte, 
1* l-bit 
Tx 
interrupt 
enable 
*1 


rx$en 
byte, 
1* 2-bit 
Rx 
interrupt 
enable/mode 
*1 


stat$aff$vector 
byte, 
1* 
l-bit 
status 
affects 
vector 
flag *1 


config 
byte, 
1* 2-bit 
system 
config - 
int/DMA 
*1 


prior ity 
byte, 
1* l-bit 
priority 
flag *1 
vector$int$mode 
byte, 
1* 3-bit 
interrupt 
mode 
code 
*1 


int$vector 
byte; 
1* S-bit 
interrupt 
type 
code 
*1 


output(bScmd$port)=channel$reset; 
1* channel 
reset *1 


output(b$cmd$port)=14H; 
1* point 
to WR4 *1 
/* 
set 
clock 
rate, 
stop 
bits, 
and 
parity 
information 
*/ 
output(b$cmd$port)=shl(clock$rate,6) 
or 
shl(stop$bits,2) 
or 
shl(parity$type,l) 
or 
parity$enable; 


output (b$cmd$port) =13H; 
1* point 
to \~R3 *1 
/* 
set 
up 
receiver 
parameters 
*/ 
output(b$cmd$port)=shl(rx$char$length,6) 
or 
rx$enable 
or 
shl(auto$enable,5); 


output(b$cmd$port)=15H; 
1* point 
to WR5 *1 
/* 
set 
up 
transmitter 
parameters 
*1 


output(b$cmd$port)=shl(tx$char$lenqth,5) 
or 
shl(tx$enable,3) 
or 
shl(dtr,7) 
or 
shl(brk,4) 
or 
shl(rts, 1); 


output(b$cmd$port)=12H; 
/* 
set 
up 
interrupt 
vector 
*/ 
output(b$cmd$port)=int$vector; 


1* point 
to WR2 *1 


output(a$cmd$port)=12H; 
1* point 
to WR2, 
channel 
A *1 
1* set 
up 
interrupt 
modes 
*1 


output(a$cmd$port)=shl(vector$int$mode,3) 
or 
shl(priority,2) 
or config; 


outpu~(b$cmd$port)=llH; 
1* point 
to WRl *1 
1* set 
up 
interrupt 
enables 
*1 
output(b$cmd$port)=shl(rx$en,3) 
or 
shl(stat$aff$vector,2) 
or 
shl(tx$en,l) 


or 
ext$en: 


end 
MPSC$INT$INIT; 
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MPSC$RECEIVESCIIARACTER$INT: 
procedure 
interrupt 
22H; 


/» 
ignore 
input 
if no open 
buffer *; 
if 
rcceive$status 
<> 
not$cornplete 
then 
return; 


j* 
check 
for 
receive 
buffer 
overrun 
*/ 
if 
receive$index 
= 
128 
then 
receive$status=overrun: 
else 
do; 
;* 
read 
character 
from 
MPSC 
and 
place 
in buffer 
- note 
that 
the 
parity 
of 
the character 
must 
be masked 
off 
during 
this 
step 
if 
the 
character 
is less 
than 
8 bits 
(e.g., ASCII) 
*; 
receive$buffer 
(receive$index) 
,character=input(data$port) 
and 
7:'H; 
receive$index=receive$index+l: 
1* 
update 
receive 
buffer 
index 
*/ 
;* check 
for 
line 
feed 
to end 
line *; 


if character 
= line$feed 
then 
dOi 
receive$length=receive$index; 
receiveSstatus=complete: 
end: 
end; 


end 
MPSC$RECEIVE$CHARACTER$INT; 


MPSC$TRANS~!IT$CHARACTER$INT: 
procedure 
inter rupt 
20H; 


/* 
check 
for 
more 
characters 
to 
transfer 
*/ 
if 
transmit$index 
< 
transmit$length 
then 
do; 
;* write 
next 
character 
from 
buffer 
to MPSC *; 


output(data$port)=transmit$buffer(transmit$index) 
; 
transmit$index=transmit$index+l: 
/* 
update 
transmit 
buffer 
index 
*/ 


end: 
else 
transmit$status=complete; 


end 
MPSC$TRANSMIT$CHARACTER$INT; 


RECEIVE$ERROR$INT: 
pr~cedure 
interrupt 
23H; 


declare 
temp 
byte; 
/* 
temporary 
character 
storage 
*/ 
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output(cmd$port)=l; 
rece ive$sta tus= input (cmd$port) ; 
temp=input(data$port) 
; 
output(cmd$port)=error$reset; 


;* point 
to RRl *; 


;* discard 
character 
*; 


/* 
send 
error 
reset 
*/ 


/* *** 
other 
application 
dependent 
error 
processing 
should 
be 
placed 
here 
*** 
*/ 


end 
RECEIVE$ERROR$INT; 


EXTERNAL$STATUS$CHANGE$INT: 
procedure 
interrupt 
21H; 


transmit$status=inpot(cmd$port) 
output(cmd$port)=reset$ext$status; 
/* 
input 
status 
change 
information 
*/ 


/* 
*** 
other 
application 
dependent 
error 
processing 
should 
be placed 
here 
*** 
*/ 


end 
EXTERNAL$STATUS$CHANGE$INT; 
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APPENDIX 
D 
APPLICATION 
EXAMPLE USING SDK-86 


This application example shows the 8274 in a simple 
iAPX-86/88 
system. The 8274 controls two separate 
asynchronous channels using its internal interrupt con- 
troller to request all data transfers. The 8274 driver 
software is described which transmits and receives data 
buffers provided by the CPU. Also, status registers are 
maintained in system memory to allow the CPU to 
monitor progress of the buffers and error conditions. 


THE HARDWARE 
INTERFACE 


Nothing could be easier than the hardware design of an 
interrupt-driven 8274 system. Simply connect the data 
bus lines, a few bus control lines, supply a timing clock 
for baud rate and, voila, it's done! For this example, the 
ubiquitous SDK-86 is used as the host CPU system. 
The 8274 interface is constructed on the wire-wrap area 
provided. 
While discussing the hardware 
interface, 
please refer to Diagram 1. 


Placing the 8274 on the lower 8 bits of the 8086 data 
bus allows byte-wide data transfers at even I/O ad- 
dresses. For simplicity, the 8274's CS input is generated 
by combining the M/IO select line with address line A7 
via a 7432. This places the 8274 address range in multi- 
ple spots within the 8086 I/O address space. (While 
fine for this example, a more complete address decod- 
ing is recommended for actual prototype systems.) The 
8086's Al and A2 address lines are connected to the AO 
and Al 
8274 register select inputs respectively. Al- 
though other port assignments are possible because of 
the overlapping address spaces, the following I/O port 
assignments are used in this example: 


Port Function 
Data channel A 
Command/status 
A 
Data channel 
B 
Command/status 
B 


1/0 Address 
OOOOH 
0002H 
0004H 
0006H 


To connect the 8274's interrupt controller into the sys- 
tem an inverter and pull-up resistor are needed to con- 
vert the 8274's active-low, interrupt-request 
output, 
INT, into the correct polarity for the 8086's INTR in- 
terrupt input. The 8274 recognizes interrupt-acknowl- 
edge bus cycles by connecting the INTA (INTerrupt 
Acknowledge) lines of the 8274 and 8086 together. 


The 8274 ReaD and WRite lines directly connect to the 
respective 8086 lines. The RESET line requires an in- 
verter. The system clock for the 8274 is provided by the 
PCLK (peripheral clock) output of the 8284A clock 
generator. 


On the 8274's serial side, traditional 1488 and 1489 RS- 
232 drivers and receivers are used for the serial inter- 
face. The onboard baud rate generator supplies the 
channel baud rate timing. In this example, both sides of 
both channels operate at the same baud rate although 
this certainly is not a requirement. (On the SDK-86, 
the baud rate selection is hard-wired thru jumpers. A 
more flexible approach 
would be to incorporate 
an 
8253 Programmable Interval Timer to allow software- 
configurable baud rate selection.) 


That's all there is to it. This hardware interface is com- 
pletely general-purpose and supports all of the 8274 
features except the DMA data transfer mode which re- 
quires an external DMA controller. Now let's look at 
the software interface. 


SOFTWARE 
INTERFACE 


In this example, it is assumed that the 8086 has better 
things to do rather than continuously run a serial chan- 
nel. Presenting the software as a group of callable pro- 
cedures lets the designer include them in the main body 
of another program. The interrupt-driven data transfers 
give the effect that the serial channels are handled in 
the background while the main program is executing in 
the foreground. There are five basic procedures: a serial 
channel initialization routine and buffer handling rou- 
tines for the transmit and receive data buffers of each 
channel. Appendix D-I shows the entire software list- 
ing. Listing line numbers are referenced as each major 
routing is discussed. 


The channel initialization 
routine (INITIAL 
8274), 


starting with line # 203, simply sets each channel into a 
particular 
operating mode by loading the command 
registers of the 8274. In normal operation, once these 
registers are loaded, they are rarely changed. (Although 
this example assumes a simple asynchronous operating 
mode, the concept is easily extended for the byte- and 
bit-synchronous modes.) 
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SOK-88 
5V 
EXPAN;>ION 
BUS 
40 


VCC 


38 
28 
TxOA 
INTR 
INT 


AD 
018 
22 
AD 
RTSA 


WR 
018 
21 
WR 
RxOA 


INTA 
50 
27 
INTA, 


38 
CTSA 
PClK 
ClK 


34 
2 
RESET 
COA 
RST 


18 
12 
OB7 
07 
OTRA 


OS 
14 
13 
OBS 


12 
14 
8274 
05 
OB5 
T.OB 


D4 
10 
15 
OB4 


18 
RTSB 
03 
OB3 


02 
8 
17 
OB2 
A.OB 


01 
4 
18 
OBl 
CTSB 


DO 
19 
OBO 


44 
COB 
M/IO 
23 
CS 


A7 
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OTRB 


8 
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AO 
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Figure 0-1.·S274/S0K-S6 Hardware Interface 


The channel operating modes are contained in two ta- 
bles starting with line # 163. As the 8274 has only one 
command register per channel, the remaining seven 
registers are loaded indirectly through the WRO (Write 
Register 0) register. The first byte of each table entry is 
the register pointer value which is loaded into WRO 
and the second byte is the value for that particular reg- 
ister. 


The indicated modes set the 8274 for asynchronous op- 
eration with data characters 8 bits long, no parity, and 
2 stop bits. An Xl6 baud rate clock is assumed. Also 
selected is the "interrupt on all RX character" mode 
with a variable interrupt vector compatible with the 
8086/8088. The transmitters are enabled and all model 
control lines are put in their active state. 
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In addition to initializing the 8274, this routine also sets 
up the appropriate interrupt vectors. The 8086 assumes 
the first lK bytes of memory contain up to 256 separate 
interrupt vectors. On the SDK-86 the initial 2K bytes 
of memory is RAM and therefore must be initialized 
with the appropriate' vectors. (In a prototype system, 
this initial memory is probably ROM, thus the vector 
set-up is not needed.) The 8274 supplies up to eight 
different interrupt vectors. These vectors are developed 
from internal conditions such as data requests, status 
changes, or error conditions for each channel. The ini- 
tialization routine arbitrarily assumes that the initial 
8274 vector corresponds to 8086 vector location 80H 
(memory location 200H). This choice is arbitrary since 
the 8274 initial vector location is programmable. 
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Finally. the initialization routine sets up the status and 
flag in RAM. The meaning and use of these locations 
are discussed later. 


Following the initialization routine are those for the 
transmit commands (starting with line #268). These 
commands assume that the host CPU has initialized the 
publicly declared 
variables for the transmit 
buffer 
pointer. T"-POINTER.......CHx. 
and the buffer length. 


T"-LENGTH_CHx. 
The transmit command rou- 
tines simply clear the transmitter empty flag. TX EMP- 
TY CHx. and load the first character of the buffer into 
the transmitter. It is necessary to load the first charac- 
ter in this manner since transmitter interrupts are gen- 
erated only when the 8274's transmit data buffer be- 
comes empty. It is the act of becoming empty which 
generates the interrupt not simply the buffer being emp- 
ty. thus the transmitter needs one character to start. 


The host CPU can monitor the transmitter empty flag. 
T"-EMPTY_CHx. 
in order 
to determine 
when 
transmission of the buffer is complete. Obviously. the 
CPU should only call the command routine after first 
checking that the empty flag is set. 


After returning to the main program. all transmitter 
data transfers are handled via the transmitter-interrupt 
service routines starting at lines #360 and #443. These 
routines start by issuing an End-Of-Interrupt command 
to the 8274. (This command resets the internal-inter- 
rupt controller logic of the 8274 for this particular vec- 
tor and opens the logic for other internal interrupt re- 
quests. The routines next check the length count. If the 
buffer is completely transmitted. the transmitter empty 
flag. T"-EMPTY 
_CHx. 
is set and a command is 
issued to the 8274 to reset its interrupt line. Assuming 
that the buffer is not completely transmitted. the next 
character is output to the transmitter. In either case. an 
interrupt return is executed to return to the main CPU 
program. 


The receiver commands start at line #314. Like the 
transmit commands. it is assumed that the CPU has 
initialized 
the receive-buffer-pointer 
public variable. 
R"-POINTER.......CHx. 
This variable points to the 
first location in an empty receive buffer. The command 
routines clear the receiver ready flag. RX_READY_ 
CHx. and then set the receiver enable bit in the 8274 
WR3 register. With the receiver now enabled. any re- 
ceived characters are placed in the receive buffer using 
interrupt-driven data transfers. 


The received data service routines. starting at lines 
#402 and #485. simply place the received character in 
the buffer after first issuing the EOI command. The 
character is then compared to an ASCII CR. An AS- 
CII CR causes the routine to set the receiver ready flag. 
RX_READY_CHx. 
and to disable the receiver. The 
CPU can interrogate this flag to determine when the 
buffer contains a new line of data. The receive buffer 
pointer. RXJOINTER.......CHx. 
points to the last re- 


ceived character and the receive counter. R"-COUN- 
TER.......CHx.contains the length. 


That completes our discussion of the command rou- 
tines and their associated interrupt service routines. Al- 
though not used by the commands. two additional serv- 
ice routines are included for completeness. These rou- 
tines handle the error and status-change interrupt vec- 
tors. 


The error service routines. starting at lines #427 and 
# 510. are vectored to if a special receive condition is 
detected by the 8274. These special receive conditions 
include parity. receiver overrun. and framing errors. 
When this vector is generated. the error condition is 
indicated in RRI (Read Register I). The error service 
routine issues an EOI command. reads RRI and places 
it in the ERROR.......MSG_CHx variable. and then is- 
sues a reset error command to the 8274. The CPU can 
monitor the error message location to detect error con- 
ditions. The designer. of course. can supply his own 
error service routine. 


Similarly. the status-change 
routines 
(starting 
lines 
#386 and #469) are initiated by a change in the mo- 
dem-control status lines CTS/. COl. or SYNDET/. 
(Note that WR2 bit 0 controls whether the 8274 gener- 
ates interrupts based upon changes in these lines. Our 
WR2 parameter is such that the 8274 is programmed to 
ignore changes for these inputs.) The service routines 
simply read RRO. place its contents in the STATUS_ 
MSG_CHx 
variable and then issue a reset external 
status command. Read Register 0 contains the state of 
the modem inputs at the point of the last change. 


Well. that's it. This application example has presented 
useful. albeit very simple. routines showing how the 
8274 might be used to transmit and receive buffers us- 
ing an asynchronous serial format. Extensions for byte- 
or bit-synchronous formats would require no hardware 
changes due to the highly programmable nature of the 
8274's serial formats. 
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8274 APPLICATION 
BRIEF PROGRAM 


[515-11 19:5-86 Ift:R() ASS£l'IUR Y2.1 ASSDIILYIF IUlllE 
RSY1£8 
OOJECTIIlUE 
PlWID IN :F1.ASYI£8.OOJ 
RSS£l'IUR [IM)([J) 
IN 
RSIII6. F1. ASYI£8 SRC 


LOC 001 
L11l 


; 
. 
. 
. 


"" 
8274 It'!'lICIITlIIi 
BRIef _ 


;' 
" 
6 
it 
7 
• TIE 8274 IS INlTIfLI1ED Fill SlIRE 
ASIIf:IR(lOJS SERIfL 
8 
• FlIIIIIT fH) VECTlIIEDIIITERR\J>HlRIYENMTA TRfI6FERS. 


9 
• TIE INlTIfLI1RTlIIi 
ROOTIIl AL50 L~ 
TIE Il886'S IIITERR\J>T • 
18 
• VECTIIITAIllEFRIll TIE ODE SE(J£)fT INTOUII RA1ONTIE 
11 
• 51)1(-86. TIE TRfINSMlITERfH) REC£IIfR ARELEfT ElRUI). 


12 
• 
13 
• Fill TRfINSMlI,TIE Cl'\) PASSESIN I£IGY 
TI£ POINTERIF A 
14 
• IlffER 
TO_1I 
fH) TIE rNTE LOOTlf IF TIE IlfFER. 


IS 
• TIE DftTATRfIt5fU! PT\OCm)USIf«l IIITERR\J>HlRIYENTRfI6FERS. 


16 
• A STATUSBlI IN I£IGY 
IS SET II£H IF IlffERS 
IS Ell'TY. 


17 
18 
• Fill REC£IYE. TIE Cl'\) PRSSESTIE POINTERIF A IlffER 
TOFILL 
19 
• TIE IlffER 
IS FILLEDIMTIL A 'ClLCII!' CIfI!KTER IS REC£IYED. 


29 
• A STATUSBlI IS SET fH) TIE Cl'\) lIlY READTIE RX POINTERTO 
21 
• DETERIHIlTIE LDCIITlONIF TIE l.JISTOfI9:TER 
22 
• 
23 
• ILL ROOTIIlS ARERSSU£I) TOEXIST IN TIE SII£ ODE SE(J£)fT. 
• 
24 
• CIILL'S TO TIE SERYIC£ROOTI~ 
ARERSSlJ£I) TOBE 'SIIRT' 
OR • 
2S 
• INTRRSElJIJIT(ONLYTIE I!ETUIHRlllRESS IP IS ONTIE STIO:). 
• 
26 
• 
27 
• 
29 
• 
29 
• 


J8 
••• 
111'" 
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45 
Pl8.IC 
RlLREf~'U:'fI 
,R)( REfI)\' 
Ft,.. 
DfI 
46 
Pl8.IC 
1lUJf>TUIII 
.IX 
EJf'TV FlfIl 
011 


47 
Pl8.IC 
1lUJf>TV _DfI 
• IX E"'TY 
FlfIl 
DfI 
48 
Pl8.IC 
RX...CaNLCIII 
• R)( IU"FER 
caNTER 
CIII 


49 
Pl8.IC 
RX...caNT..DfI 
• R)( IU"FER 
ro~TER 
DfI 
se 
Pl8.IC 
ERR(I1JI5G..CIII 
• ERR(I1 FUIG CIII 
51 
Pl8.IC 
ERR(I1JI5(LDfI 
• ER!!a! 
Ft,.. 
DfI 
52 
Pl8.IC 
STATUSJl5G..CIII 
• STATUS Ft,.. 
ChIl 
53 
Pl8.IC 
STATUS_PlSG_DfI 
• STATUS Ft,.. 
DfI 
54 


55 
; Pl8.IC 
DEa.ARATU)6 
FCII YflRIIIIL£S 
P!1SSE& TO TIE 
TIlfJ6l!IT 
56 
; Ill) 
RECEIVE C()Ift()S. 


57 


58 
Pl8.IC 
TlLPOINTElLCIII 
• IX IU"FER 
POINTER FCII CIII 
59 
Pl8.IC 
Tl<..LOOTlLCIII 
• IX L£I«lTH OF IU"FER 
FCII 011 
68 
Pl8.IC 
TlLPO INTElLDfI 
• IX IU"FER 
POINTER FeY< DfI 
61 
Pl8.IC 
TIU£NlTILDfI 
• T~ LooTH 
OF IU"FER 
FCII DfI 


62 
Pl8.IC 
RX...POINTEJLCIII 
• RX IU"FER 
POINTER FOR Oil 


63 
Pl8.IC 
RX...POINTER_DfI 
.I1A EItHER 
POINTER FOR DfI 
64 
65 
; 110 PORT ASSIGlfEHTS 
66 
67 
• CIfMEl 
A PORT ASSIGlfEHTS 
6B 
- 


69 
DATfLPORT_DfI 
Ell) 
El 
· DATA ItU 
PORT 
11882 
7B 
COIfMlJ'ORLDfI 
Ell) 
2 
·_PORT 
11882 
71 
STATUSJ'ORLDfI 
EilU 
COIfMl_PORLDfI 
· STAnJS 
PORT 


72 


73 
• CIfMEl 
El PORT ASSIGlfEHTS 
74 
- 


75 
DATAJ'ORT _CIII 
Ellll 
· DATA I. U PORT 
- 


76 
__ 
PORT_CIII 
Ell) 
6 
,Ctlt'IN> 
PORT 
- 


77 
STATUS_PORT_CIII 
Ell) 
C_d'(~LCIII 
· STATUS PORT 
7B 


79 
.nrsc 
SYSTE" EllllRTES 
88 
- 


81 
Cv:~ 
EQU 
81'''' 
·ASCII 
[R ~TEr 
Cf.('{ 
I!2ge 
82 
INT_TIKLSASE 
EQU 
2Ii!'tI 
.INT 
\{CTI)< 
IIA'.£ I{~S, 


BSe8 
83 
CODE_START 
EIlI 
~ 
· STfflT 
lOCftTlOO 
n., 
[OC. 
84 


85 
+1 sum 


86 
87 
· RfIt 
ASSSllif£NTS 
FCII DATA SE!lI'NT 


8B 
89 
toATA 
S£!lI'HT 
9B 
210311-25 
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1(5-86 
It1CRO ASS£IflI.ER 
ASOCII 


LOC 
OOJ 
1I1£ 
S«.m: 


91 
,\{CT~ 
INTERRI."T TAIllE - ASSLI'£ 
IHlTlfl 
8274 
INTERP,-"T 
92 
,\{CT~ 
IS IUf£R 
8e 
,_) 
H~ 
HO' 
'H 
1(4;. 
Tit: 
TAIllE 


93 
,COfTAINS 
ST~T 
LOCATJ(JI IN) 
eWE 
S£MNT 
PEGI,TE. 
'!ft.,-' 
94 
. TIE 
TAIllE IS LtVUt, 
Fmt 
pt;1jt 


!IS 
828e 
% 
(l1G 
INUAIIlE.BASE 


97 
828e 
_ 
98 
TX_\{CTllLCfII 
Jl!j 
.1:; 
INTEIII".fT 
\{O(f 
F(~ Oil 
11292_ 
99 
TX_CS_CfII 
Jl!j 


188 


1!284_ 
181 
STS_ \{CT~_CfII 
Jl!j 
,STATI)S 
INTERf''-fT 
\lECT(f 
FCl" ('lIB 
82116_ 
182 
STS_CS_CfII 
Jl!j 


183 
828e_ 
184 
RlL\{CT(JI_CItl 
Jl!j 
,~ 
INTEPlltJ>T IET(f 
FCl" CfII 
82eA _ 
185 
RlLCS_CfII 
Jl!j 


186 
828C _ 
187 
ERR;,HTIlLCfII 
DW 
· ERI11J': INTERRI.I'! \{CTtl> 
F(f' 
CfII 
828E 
_ 
188 
ERR_CS_CItl 
fAI 
189 


8218_ 
118 
TX..\{CT~_CIIl 
DW 
· TX INTERRtI'T \{Otl> 
FOR CIfl 
8212 
_ 
111 
TlLCS_CIIl 
DW 
112 
8214_ 
113 
STS_ \{CT~_CIIl 
fAI 
• STATUS INTERRIJ>T \{LTiJ> 
FOR CIfl 
8216_ 
114 
STS_CS_CIIl 
DW 
115 
8218_ 
116 
RlL \{CTIlLCIIl 
DW 
,RX 
INTERRIJ>T \{CT(JI 
H" 
CIIl 


821R_ 
117 
RlLCS_CIIl 
DW 
118 
821C _ 
119 
ERR_\{CTIlLCIIl 
Jl!j 
• ERI<lJ! INTERRtI'T 
\lECT~ 
F(JI CIIl 
821E 
_ 
1~ 
EJIILCS_CIIl 
DW 
121 


122 
; "ISC 
~ 
LOCATJ(J15 FOR DRf£L 
STATUS AH;' POINTERS 
123 
124 
; DRf£L 
8 POINTERS IN) 
STATUS 
12:i 
~- 
126 
TlLPOINTER_CItl 
fAI 
• Tli BlffER 
POINTER FOR CfII 
8222 
_ 
127 
TX..LEl«lTN_CItl 
DW 
, Tli BlffER 
LEI«lTH FOR os 
8224 
_ 
128 
RlLPOINT£R..CItl 
DW 
,RX III.FFER POINTER F~ 
CfII 
8226_ 
129 
RlLCWfT_CItl 
DW 
,RX LOOTH COJITER FiJ> CfII 


~118 
1)8 
Tli.Dl'TV_CfII 
DB 
.rx 
J)(J£ 
FLoo 


8229 
118 
131 
RlLREIIW_CItl 
DB 
.1IEf(W FLoo 
(1 
IF aU:lf< 
PECEI\{!>. 
ELSE 8· 


822A 118 
132 
STATUS_IISG_CfII 
J)8 
,STATUS OR« 
IESSfflE 
~118 
m 
ERI<lI!J15G..CfII 
DB 
· ~ 
STATlIS LOCATJOO '8 
IF NO EP!It:f" 


134 


13S 
,DRf£L 
A POINTERS IN) 
STATUS 
136 
822C _ 
137 
Tli_POINTER_CIIl 
DW 
e 
.rx 
III.FFER F'OINTEP F(JI CIfl 
822E 
_ 
Ill! 
Tli.LEI«lTN_CIIl 
DW 
8 
, rx 
III.FFER LOOTH FOR CIIl 
82)8_ 
139 
RX_POINTER_CIIl 
DW 
8 
.RX III.FFER PIliNTER F~ 
CIIl 
8232_ 
148 
RlLCll.lH_CIIl 
DW 
8 
,RX lOOTH 
CWfTE/I 
FiJ> Ufl 
8234118 
141 
TlLEII'TV _CIIl 
DB 
8 
· r" 
J)(J£ 
FLoo 


823S 
88 
142 
RlLREIIW_CIIl 
DB 
8 
; RE~ 
FLoo 
(1 
IF CR_CIf> PECEJ'."ED. E,SE 
8. 


8236 
88 
143 
STATUSJ15G..CIIl 
DB 
8 
; STATUS OR« 
IE,SfflE 
8237 
88 
144 
ERI<lI!_IISG..CIIl 
DB 
8 
• ~ 
STAnJS L(I:I<TJOO i. IF If) E~.R(f' 


14S 
146 
DATA 
ENOS 
147 


148 
+1 
I£JECT 
210311-26 


2-379 


-.",,_r 
ll'EJI 
AP-134 


LOC 
00) 


_81 
8:ie116 


II:i86 IM 
115874C 


_115 


115II9 EA 


1151883 
11511 C8 


11512 IM 
11513 4C 


1151.4115 
11515 EA 


11516 Il8 
8517 89 


149 


158 
151 
152 


153 
154 


'155 


156 
157 
158 


159 
164! 
161 


162 
163 


II<C 
5EGI'lNl 


ASSLIf 
CS II<C.DS fA1rA, 55 
DATA 


~ 
C1U5TII!T 


, •••.• 
**4: •••••••••••••••.•.•••.••• 
»** ••••.•••••.••*« ••.••*•••••.••• -•••• 


,t 
• 


" 
_TERS 
F~ 
Clftlfl 
IHITIALIZ!HIoo 
., 
. 


,••••••••••••••••••••••••••••••• 
uu· •.••..•••.•.••• 
"tu•.••••.•••".•.••.••+~. 


,CIfN£L 
B _TERS 


,IoIlJ 
- 
INTERRlfT 
00 ALL RX cm 
IWlfKE 
INT I{(lCl'. 
TX 1Nl ENfKE 


Cll>STRIl DB 
I. jEll 


164 
165 
,1R2 
- 
INlERRLI'T 
I{CTIJI 


DB 
2, <INl_TfKLMSE/4, 


166 
167 
.1oR3 - RX 8 8IT~ 
RX DISABLE 
DB 
3,BC8H 


164! 
169 


,1oIl4 
- 
X16 CLOCI(. 2 srCI' BIT5. 
I«) PRRITY 


DB 
4,4tH 


179 
171 


;IORS - DTI1 ;l'TII{, 
TX $ 8IT5?l~. 
r. tNfKE, 
PTS fI:TII{ 
DB· 
5,BEfIt 


In 
m 


,1R6 
fH) 
1oIl7 I«)T REWIRED FIJI AS'M: 


DB 
8,8 


174 
liS 
176 
In 
178 


,CIIH£L 
A _TERS 


; IoR1 - 
INTERRlfT 
00 ALL RX lW. 
IX INT ENfKE 
Cll>STR1l DB 
1, 1211 


179 
1118 


,1oIl2 - I{CTIJIED 
INlERRLI'T 
FIJI _ 


DB 
2,JIIH 


181 
1$2 


,1oIl3 - RX a BIT5/C1f', 
RX DI$f{<tE 
DB 
3. BC8H 


183 
184 


,1oIl4 - 
X16 CLOCK, 2STCf 
BITS, 
tf) PRRITV 
DB 
4,4tH 


185 
196 


;IORS - DTI1 ACTII{, 
IX e BIT~. 
rx ENfKE, 
PTS ACmr 
DB 
5, BEfit 


lB7 
188 


,1R6 
fH) 
1oIl7 I«)T REQtJlRED FIJI AS'M: 


DB 
8,8 


189 
198 +1 
IEJECT 
210311-27 


2-380 


intJ 
AP-134 


11:5-86 
Ift:RO 
ASSD8.ER 
ASI'IOI 


lOC 
OOJ 
1I1£ 
5{'M.!: 


191 


192 
. STft:T 
IF COtRIJ 
ROOTIIf:S 


193 
194 
, ••••.•.••..•.• 
~ 
••• 
*4o.•••.••.••.• 
U.f. ••• u••.•.•••• 
t ••.• U ••••.•••.• 
H; 
•. 


1!15 
" 
196 
" 
JNITIfl.IZRTJlll 
COtRIJ 
F~ 
lIE 
~,4 
- TIE 82'4 
m 
" 
IS 5£Ttf> frol1llll«l 
TO lIE 
_T~ 
ST(fED 
IN 
1911 
" 
Pro! 
11IO\{ STII1T11«l AT otST~ 
F(R ClfHf:l 
8 ~ 
m 
" 
otSTRA f(11 ClftfEl 
A. 


288 
" 
2e1 
,••••......•.••.•.......................•......................... ~.....•. 


292 
8518 
293 
INITIfI._8274. 


294 
,CIJ'V 
INTERRIJ'T I'ECTIJ1 IP IN> cs Vfl.lfS 
FRI)1 Pro! 
TO ffiI1 
8518 
C78688Il28886 
295 
/()\I 
TlLI'ECT!JlOll, 
Il'FSET 
XltTJIIl 
, T:< c.:ITA \lEe ICf' Of! 
fl:;lE 
1lC8E8292 
286 
/()\I 
T:<..CS_OII, 
cs 
B522 C7868482J<J16 
297 
/()\I 
STS_I'ECTIJ1_OII. 
Il'FSET 
STAIIIl 
· STATl.1S\{CT(~ 
C~ 
e528 
1lC8E8682 
288 
/()\I 
STS_CS_OII. 
cs 
8S2C C78688824986 
299 
/()\I 
RlL\{CTIJ1_OII, 
IFFSET 
RC',11Il 
· RX MTA \'ECT~ 
011 
8532 
1lC8E8A82 
218 
/()\I 
RX_CS_OII, 
CS 
8536 
C7860C827786 
211 
/()\I 
E~.\{CTIJ1_CIe, 
IFFSET E~11Il 
.E~'lECTIJ1CH11 
85lC 
1lC8E8A82 
212 
/()\I 
RlLCS_OII, 
cs 
1!548 C79611!829C86 
213 
/()\I 
TlL\{CTIlIU)fi. 
IFFSET XltTIHA 
· TX MTA \{CT~ 
CHA 
1!546 8CIIE1282 
214 
/()\I 
TlLCS.CIfi. 
cs 
854A C7961_ 
215 
/()\I 
STS.\{CTIJ1.CIfI. 
IFFSET STAllIA 
• STATIJS i'CTIJ1 
.:If< 
8558 
1lC8E1682 
216 
/()\I 
STS.CS.CIfI, 
cs 
1!554 C7961_ 
217 
Ii:lY 
RlL\{CTIJ1.CIfi. 
(FFSET 
RC'IIIIA 
,RX MTA \l£CTIlo' CIfI 
855fI IlC8E1A82 
218 
/()\I 
RlLCS_CIfi. 
cs 
I!55E C7961C82F1186 
219 
/()\I 
ERR..I'ECT!JlClfl. 
IFFSET 
~IIIA 
.~\I£CTIlo'CIf\ 
1!564 1lC8E1E82 
228 
/()\I 
ERR..CS.CIf\. cs 
221 
222 
,CIJ'V 
5£Ttf> TfIIlE 
_~ 
INTO 8274 


223 
8568 
1F881!5 
224 
/()\I 
DI, 
(FFSET oosm 
,INITIfl.I<I 
011 


8568_ 
22:i 
/()\I 
ox. 
COtRIJ.f(l!LOII 
I!56E E82E88 
226 
CIU 
SETIJ' 
,ClJ>VOII_TERS 


8571 
1F8C1!5 
227 
/()\I 
01, 
(FFSET OOSTRA 
,INITIfl.I<I 
CIfI 
8574_ 
228 
/()\I 
ox. 
COtRIJ.p(J1LCIfI 
B577 E82588 
229 
Cfl.l 
5£Ttf> 
,C1J', 
CIfI _TERS 


238 
231 
, INITIfl.I2E 
STAM 
lIYTES IN> FUriS 
232 
1!57!1_ 
233 
/()\I 
Ax.8 


1!570 A22882 
234 
/()\I 
~OII,fI. 
• CLEft: ~ 
FUli 
011 


1!588 R23782 
235 
/()\I 
~1ISG.Clfi.fI. 
.~~FlOOClf\ 
11583 R22A82 
236 
/()\I 
STAMJISG.OII, 
11. 
· ~ 
SIAM 
FlOO 011 
1!586 fI23682 
237 
/()\I 
SlAMJtSG..CIfi. 
11. 
,~ 
SlATlJS Flfl'l 
CIfi 
11589 A32682 
238 
/()\I 
RlLCWILOII, 
Ill( 
• ~ 
RX CWITEI' 
011 


esec 
A33282 
239 
/()\I 
RlLCW,LCIfi. 
Ill( 
• CLEft: RX ~T£R 
CIf\ 
'B5IF 
_ 
248 
/()\I 
ILl 
8591 
R22982 
241 
/()\I 
R:<..READI'.OII.11. 
• SET RX I)(If: 
FlOO tie 
8594 
R23582 
242 
/()\I 
RX..IDI)Y.CIfi. 
fI. 
,SET 
RX I)(If: 
FlfI'l 
CIfi 
8597 
A22882 
243 
/()\I 
T~TV.OII, 
11. 
,SET 
rx I)(If: 
Flfl'l 
CIe 
859fl R23482 
244 
/()\I 
T~TV.CIfi. 
11. 
·SET TX I)(If: 
FlfI'l 
CIf\ 
8590 
FB 
245 
STJ 
• ElfKE 
INTERRlfTS 
85!lE C3 
246 
RET 
,REMIt· 
I)(If: 
WITH SETl.f> 


247 
859f 
8A8S 
248 
SETIJ': 
/()\I 
11.. lOll 
._TEI>ClJ>VII«lROCITHf: 
1!5A1lC88 
249 
CIf' 
11., 8 


I!5A3 7484 
2S8 
JE 
I)(If: 
210311-28 


2·381 


intJ 
AP-134 


LOC 
IIlJ 


II'lR5 EE 
115/I6 47 
95ft7 EBf6 
95A9 CJ 


85AR 
85AR 58 


8SIIl 
57 


85R: 
52 


~ 
C6862S02ee 
8582_ 


lIS85 88lE2Il82 
9589 
8AB5 
8588 
EE 


858C 5A 
~5f 
95IIE 58 
85IIf 
CJ 


II5C8 
II5C8 58 
e5Cl 
57 
85C2 52 
e5CJ 
C086J48288 
115C811A118118 
II5C8 88= 
e5Cf 
8AB5 
9501 
EE 


fl5l)25A 
fl5l)J Sf 


8504 
58 


fI5I)5 Cl 


LlIE 


251 
252 
25J 
254 
255 
256 
+1 
257 
258 
259 
26e 
261 
262 


263 
264 
265 
266 
267 


26e 
269 
278 
271mm 
274 
275 
276 
m 
278 
279 
288 
281 
282 
28J 
294 
285 
286 
287 


288 
289 
299 
291m 
m 
294 
m 
296m 
299m 
J8II 
J81 
J82 
38J 
l84 
J85 


J86 
387 
J8II 
J89 
JIB 


M 
11«: 
JIP 
DOt: 
RET 


I£JECT 


IJX, 
"- 
01 
SH\P 


·(WPlJT_TEP 
. POINT AI IEXT fWAI1ETU 


.GO LM> 
IT 


.DOt: - so RETI.~ 


;.••••••••••••••••••••••••.••••••• 
**••••••••••••••••• 
*** ••••••••••.• 


" 
+ 


" 
IX CltN£l. 
B ctIftN> 
IIOJTJIE 
- R(lJTIIE 
15 CALLED 10 
• 


" 
_IT 
A BlfFEII 
lIE 
fl.fFEII 
STFI':TJI«l ~SS, 
" 
TJU'OINTEII..CIIl. 
Ilt) lIE 
fl.fFEII 
LOOT~. 
I:UEI«l~_CIIl, 


" 
!lIST BE INITJI\.I1al 
BYM 
(!\.L11«l 
_ 


" 
eo~ ITEI15 FIO:EIOID l'fI>IIIIlES 


"....................................•................ 
-..•................ 


; •••••••.••••••••••••••.•••••••••••.•••.••••• 
~ ••••.••••• .....,.•••••.•• * 


"" 
IX CltN£l. 
A ctIftN> 
IIOITIIE 
- IIOITIIE 
IS ClUE!' 
TO 


" 
_IT 
A BlfFIR 
M 
BlffER STFI':TJI(; ~SS. 


" 
TJU'OINTEII..CfR 
Ilt) lIE 
fl.fFEF 
LOOIH. 
Ix..LEI«l~_CfR 


" 
!lIST BE INITJI\.I1al8'l 
M Cl\.LII(;~ 
__ 


" 
eo~ ITEI15 FIO:EIOID YFIO:IIIIlES. 
• 


" 
. 
,••••••••••••••.•••.••••••••••••••.••• 
*"'•••••••••.••••••••••.•••••••• 


TX..ctIftN>_Of!. 


PUSH 
AX 
.; S/IIIE REGISTEIIS 


PUSH 
01 


PUSH 
OX 


ItJ'I 
T.<-EIFTY_Of!, 
B ,CLEft> Etf'TY FL~ 


ItJ'I 
ox, 
DflT~LUfl 
. SEIlf' 
miT 
POINTEII 


ItJ'I 
01, 
TXJ>OINIEII_Of! 
.GEI 
TX BlfFEII 
POINIEII (HA 
ItJ'I 
1\., lOll 
,GET FiIlST 
ClflR!I(IEP 
TO TX 


M 
0)(' 
AL 
·IJJTfIJT 
IT TO 8274 
TO GEl IT STAPTED 


POP 
oz 
POP 
01 
POP 
AX 


RET 


, •••••••••.••.••••.•••••••.•••••••••••.••.•••••.•••• 
** .••••••••••.••• 
++••• 
.. 
. 


" 
IIli ctIftN> 
F~ 
CltN£l. 
B - M 
Cl\.LlI«l 
PMllE 
!lIST 


" 
INITJI\.IZE 
IIli_POINTEII_OfI 
TO POINT AT TIE RE(m! 


" 
BlfFEII 
BEFI» 
CllLll«l 
THIS f<tI.lTllE 


Ai< 
,S/IIIE REGISTtIIS 
01 
oz 
Tx..EIFTV _CIIl, 
B . CLEFI': EIFIV 
FL~ 
OX. DflTA_miLCHB 
• SETlf' 
miT 
POINTER 
OJ, 
1X-POINTEII_CI£ 
• GET I:, fl.fFER 
POINIER 
(1£ 
1\., 
101 J 
. GET F IIIST CHARACTERTO IX 


OX, I\. 
.MPlJT 
IT 10 8274 
10 GET IT 5TFI':TE/> 
ox 
DI 
It< 
.1I£T1.~ 


.RETI.~ 


210311-29 


TX..ctIftN>_CIIl 


PlJSH 


PUSH 


PUSH 
ItJ'I 
ItJ'I 
ItJ'I 
ItJ'I 
M 
POP 
POP 


POP 
RET 


2-382 


inter 
AP-134 


LOC 
OOJ 


8506 
8506 se 
95[), 
52 


95D8 C686298298 
1150O C78626829f!eIj 


85E3 8A86ee 
85E6 
BIl83 


85E8 
EE 


85E~ B8C1 


85E8 
EE 
&SEC SA 


&SED se 
8SEE C3 


8SEF 


8SEF se 
lISfe 
52 
IISf 1 C6863592ge 
1ISf6 C196329291le8 
IISfCIIA9299 
IISfF 
BIl83 
8691 
EE 
8682 
B8Cl 
9694EE 
Il685SA 
9686 se 
9697 
C3 


8698 
52 
Il689 57 
_se 


8698 
E8S291 
969E 
FF862982 
9612 
FF8E2292 
9616 
749£ 
8618_ 
961S 
8B3E2992 
961F 
8R85 
9621 
EE 


1I1£ 


311 
" 


312 
}1~ 
314 
m 


316 
317 
}18 


319 
l28 
321 
322 
l23 
324 
l25 
l26 
327 
128 
l29 
339 


J31 
m 
m 
334 
335 
336 
337 
339 
Jl9 
349 
341 
342 
343 
344 
345 
346 
347 
348 
349 
JS8 +1 
351 
352 
J5J 
354 
355 
356 
J57 
JS8 
359 
369 
361 
362 
363 
364 
365 
366 
367 
368 
369 
Y9 


PlCWIfN>_OIl 


f\ISH 


PllSH 
lIlY 
IIl\I 


lIlY 
lIlY 
M 
lIlY 
an 
P(f> 


P(f> 


RET 


AI. 
.5fM 
1i'E13i5TfPS 


ox 
RX..REJ[N_0Il· 
& ,(tE!li 
~, 
11£f(", 
fL'IG 


~ro.INLOF, 
tt 
••..lEif M C(U(r£~ 
Dj(, 
__ 
FU:LCIIi 
,POINT 
.1 (,)Wf(l 
f[lfl 


a. 
l 
,SET 
LI' fOR loP; 


ox, 
fl 


fl. 
OC1H 
,II':J 
- B 8lT~"If?, 
E~E 
0): 


DX, fl 


DX 


RX 


,RETllRN 


;••••***••~ •••••••••••••..•••.••••••••••••• ***•.•••••.•u••.••.••••••.•. 


" 
. 


;' 
RX WIfN> 
FOR ClfH£L 
A - 
TIE 
CflllOO 
R(l.lTl1£ 
".1ST 
• 


; • 
INlTlflI1E 
RX_POINTER_CIf? 
TO POINT 
AT To£ PEEl'IE 


" 
BLfFER 
BEFORE CflllOO 
THIS R(lJTlI£ 
i. 
t 


;~ 
•.•••••••••.••.••••••••••••• ***••••••••••••.••••••••••• 
u.•••••• 


RX..WIfN>_CIf? 


PUSH 
PUSH 
lIlY 


lIlY 
lIlY 
lIlY 
M 
lIlY 
M 
P(f> 
P(f> 


RET 


fEJECT 


f« 
,SINE 
REGISTEJ>S 


DX 
RX..REII>\' _CHA, s .CLEAR RX REII>\' FL~ 


RX..croILCIf?, 
e ,CLEAR p, WJlTEP 
Dj(, __ 
FU:LCIf? 
,POINT 
AT C(Mf£, 
PORT 
a, 
3 
.SET 
1.1' FOR 11':, 


ex. fl 
FL 
8C1H 
.l1!3 
- 8 BITS/OIl, 
EIfDl 
RX 


DX, fl 


DX 
RX 


;.•••.....••••...•....................................••............ 
;' 


" 
START (f 
INTElIRlPT 
SERVICE R(lJTII£S 


" 
. 


;.......•........•.........................•.................... 


,0RfEl. 
B _IT 
DATA SERVICE ROOTlI£ 


XltTJte. 
PUSH 


PUSH 
PUSH 


CflL 


INC 
D£C 
JE 
lIlY 
lIlY 
lIlY 


ooT 


DX 
,SINE 
REGISTEJ>S 


DI 
RX 


EOI 
,SEI(> 
EDJ WIfN> 
TO 827' 
TX..POINTER..OIl 
,POINT 
TO NEXT ~TER 
TX..LOOTH..OIl 
,D£C 
LOOTH 
WJlTER 


XIB 
,TEST 
IF 001£ 
DX, DATA_FU:LOIl 
,NOT IJQ£ 
- GET I£XT 
CIRiK!EP 
DI, 
TX_POINTER_OIl 
a. (DIl 
,I'I.IT ~TER 
IN fl 


DX, it 
,MM 
IT TO (12,4 
210311-30 
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LOC 
(8J 


11622 58 
862351' 
Il624SA 
Il625 Cf 
Il626 fIA8688 


1162911828 
8628 
EE 
Il62C C6Il62II8281 
8631 
58 


8632 
51' 
8633 
SA 
8634 
Cf 


863S 
52 
8636 
SI 
8631 
58 
8638 
ElI>588 
8638 
fIA8688 
863E 
EC 
86JF 
R22A82 
8642 
B818 
8644EE 
864::; 58 
_51' 
8647 
SA 
864S Cf 


8649 
52 
_S7 
864S se 
864C E8Cl00 
864f 
883E2482 
8653_ 
86S6 
EC 
86S7 
_ 


86S9 FF862482 
865(, 
FFI!626II2 
8661 JOO 
8663 7S8E 
I1665C6Oo5<_ 
Il66A fIA8688 
866V 118(j3 


Il66F 
EE 
867\1 Ileal 
8672 
EE 
8673 58 
8674 
Sf 
96~ 
5A 
8676 ('f 


i!I6;; 5.2 


96'" le 
9679E_ 
867(_ 


L11£ 


371m 
373 
374 
375 


376 
m 
378 
379 
388 
381 


382 
383 
384 
38S 
386 
387 


388 
389 
398 
391 
m 
m 
394 
39S 
396 
397 
398m 


488 
481 
482 
483 
484 
48S 
486 
497 
488 
489 


418 
411 
41.1 


413 
414 
us 
416 
<41; 
418 


419 
428 
421 


422 
423 
424 


X18: 


P(I> 
P(I> 


P(I> 


IRET 
Iffl 
Iffl 
I)JT 
Iffl 
P(I> 
P(I> 
P(I> 


IRET 


fIX 


01 


OX 


,RESTIH: 
REGISTERS 


; RETtJ1N TO FIH:I)(QN> 
ox. 
~(U'(J!L~ 
,IU 
~TERS 
II'I'IE BEEN SE~ 
a. 28H 
,.RESET TRII&IJTTER 
IHTERRlI'T 
PE~IHG 
ox. fI. 


TX..fIf'TV.~, 
1,001£ 
• so SET TX Elf'TV 
F~ 
oe 


fIX 
,RESTIH: 
REGISTERS 
01 
DX 


; CIBKl. 
8 STRTUS OH« 
SERVICE I<OOTlI£ 


; RET\e/ 
TO FIH:IlKI.Jt\ 


,CIBKl. 
8 RECEII{!) 
MlR 
SERVICE I<OOTlI£ 


STRIHB' 
PUSH 


PUSH 


PUSH 
CIU 
Iffl 


IN 
Iffl 
Iffl 
I)JT 
P(I> 
P(I> 


P(I> 


IRET 


RtVIItI 
PUSH 


PUSH 
PUSH 
Cfl.L 


tIOV 
Iffl 
IN 
Iffl 


It«: 
INC 


CIf' 
JNE 
Iffl 
Iffl 
Iffl 
I)JT 
Iffl 
I)JT 
RIB 
f'tf 
P(I> 


P(I> 


JREi 


ox 
,SIll{ 
REGISTERS 


01 


fIX 


EOI 
; SEND EOI C(Hft(> 
TO 827. 
OX, C(Hft(>J>(J!LCItI 


a. 
OX 
;READ lIRe 
STRTUS.J!S6..CItI, 
fI. 
; PUT lIRe IN STATUS IESSRGE 
a. !eH 
,SEND RESET STRTUS INT C(Hft(> 
TO 8274 
ox. a 


fIX 
; RESTIH: 
REGISTERS 
01 
ox 


ox 
,S/l\t 
REGISTERS 
~I 


11): 


EOI 
. SEND EOI CIH'if(i 
TO 82~4 
01, 
RX.POINTER.Ofl 
,GET R>: CIIB f'HEP 
f'OlNIEP 
OX. MTRJ>(J!LCItI 
AL. ox 
,REil' 
~IEP 
1011 
fI. 
,STIH: 
IN [(ffEP 


RXJ>OINTElC~ 
. ilIJf' 
ll£ BI.ffEP 
POIIlTEP 
RX..C(UIUJ(! 
.6Uf' 
TIE mliTH 
a. 
ClLut> 
. TEST IF LAST CHAI''<CIEf' TO BE I'Em'·,tI>' 


RIB 
RLRERD'UItl, 
1 .'1£5. 
SET REIIN 
Fl~ 
ox, CMfKU''(ifH .oe 
,hlINT AT (i:M1f() 
P(~i 
a. , 
.POINT AT I'G 


OX. a. 


AL. 
8C8H 
• DISlQE 
RX 


VX. 
fI. 


fIX 
,£IllEr 
Wt1\'. 
~f5TORE REGI,IE"" 


N 


&:.; 


42'5 
.OAIEL 
B E~ 
SEWlCE roJTlhl 
426 
ERI:llfl 
F1.1'-<f 


P1J<li 


CtlL 
Iffl 


[IX 
. ;H'~'E PE6iSTERS 


AX 


HI. 
SEt(· 
EO! 1))'+IfW(. TO !?2;"4 
DX. 
(_;_~~l-,If' 
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11:5-96 
IR:RO 
R55EJ11l£R 
R5\'II:8 


LOC 
IRJ 
LItE 
snm 


867F 
11891 
4J1 
IIJY 
fI.,1 
,POINT 
RT RR1 
8681 
EE 
432 
IlIT 
DX,fI. 


11682 EC 
m 
IN 
fLJ)X 
,1!EfI) 
RR1 
9683 
R22Ile2 
434 
IIJY 
ERRIUISG..CIII, 
fI. 
,SIM 
IT IN £RR(J1 FL,., 
9686 
88lS 
435 
IIJY 
fLJat 
i5El() 
RESH 
£RR(J1 ~ 
TO 8274 
_lE 
436 
IlIT 
DX, fI. 


9689 
58 
m 
P(P 
fIX 
i RESTOR£ REGISTERS 
968R 
Sf! 
438 
P(P 
DX 
_CF 
4~ 
lRET 
,RET\J1N 
TO FOR£(i!(Uf) 


448 
441 
i 0fHfl 
R TRfIQIT 
DATR S£RYlCE 
ROOTltE 
442 


860C 
52 
443 
lOfTllf!: 
PUSH 
OX 
,SIM 
REGISiERS 
_'SI 
444 
PUSH 
01 
968E 
58 
445 
PUSH 
fIX 
968F 
E87£88 
446 
Cfi.L 
EOI 
i5El() 
EOI ~ 
TO 8274 
9692 
FF962C82 
447 
INC 
IX..POINTEILOIl 
,POINT 
TO I£XT 
ClRlRCTER 
9696 
FF8E2E92 
448 
DEC 
TlUEIIlTlUIf! 
i DEC LOOTH 
ro.JfTER 
96911 74eE 
449 
JE 
XIR 
,TEST 
IF J)(Jt: 
9690::_ 
458 
IIJY 
ox, 
DATRJWT_CHI! 
,MlT 
J)(Jt: 
- GET lEX! 
ClRlRCTER 
969F 
8BlE2C82 
451 
IIJY 
01, 
TX..POINlER_OIl 
96RJ 
SAIlS 
452 
IIJY 
a. ton 
i PUT ClRlRCTER 
IN fI. 


96RS EE 
453 
IlIT 
ox, 
fI. 
i IlITPUT 
IT TO 8274 
96R6 
58 
454 
P(P 
fIX 
,RESTOR£ 
REGISTERS 
96R7 
SF 
455 
P(P 
01 
_Sf! 
456 
P(P 
OX 
96R9 
CF 
457 
lRET 
,REMN 
TO FOR£(i!(Uf) 


96RR IIA828II 
458 
XIR. 
IIJY 
OI(,~JWLOIl 
,fLL 
ClRlRCTERS 
~ 
BEEN SEND 
_ 
8828 
459 
IIJY 
a, 
28H 
,RESET 
TRflNSItITTER 
INlERRlPT 
PENDII{l 
96RF EE 
468 
IlIT 
ox, 
fI. 


_C686348281 
461 
M 
TILfII>TY _OIl, 
1 ,J)(Jt: 
- so 
SET IX E"'TY 
FL~ 
011 
968S 
58 
462 
P(P 
fIX 
i RESTOR£ REGISTERS 
9686 
SF 
463 
P(P 
01 
9687 
SR 
464 
P(P 
OX 
_CF 
46S 
lRET 
,REMN 
TO FOR£(i!(Uf) 


466 
467 
,0fHfl 
R STATUS CIfHi£ 
S£RYIC£ 
roJTJIE 
468 
9689 
52 
469 
STRllf! 
PUSH 
OX 
,SIM 
REGISTERS 


96811 57 
4711 
PUSH 
~i 
_58 
471 
PUSH 
fIX 
86IIC E85188 
m 
CfI.L 
EOI 
,5EI() 
EOI ~ 
TO 8274 
968F 
IIA828II 
473 
IIN 
OI(,~_f~LOIl 
86C2 
EC 
474 
IN 
a. ox 
,REil) 
RR9 
86C3 
R23682 
475 
tffl 
STATUS-"SG_OIl, 
AL 
• PUT RR9 IN STAnJ5 
IES~ 
96C6 
8818 
4;6 
tffl 
AL, 
11111 
,SEND RESET STATIJS 1Nl flWllND 
TO $2<4 
96C8 
EE 
477 
OOT 
01(, AL 
96C9 
58 
478 
P(P 
fIX 
,RESTOR£ REGISTERS 


96CR SF 
479 
P(P 
DI 
96C8 
SR 
488 
P(P 
OA 


805<;CCF 
481 
lRET 
482 


463 
CHRNIEL A I<ErEl'-I:O 
OATA SEf>YICE ROUT/lE 
484 
86(:[) 52 
485 
RC'IINR 
PUSH 
ox 
,SIM 
REGI5TE~ 
II6CE S, 
486 
PUSH 
DI 
ll6Cf 
~,jJ 
46, 
flJSH 
AA 
I!6Ile E63Oe& 
4~ 
CALL 
EOI 
SErf; EOI COft'tK, rn ~2;-4 
96l\J 
863£)002 
46~ 
tffl 
or. 
~,_POI~m'_Ofl1 
. GET R,: (HA WffEP 
f'OIN1EP 
86D' 
BAee8e 
491l 
I1.W 
ox, 
DATR.PC'·UHA 
210311-32 
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LOC 
OOJ 


860ft re 
86118 8985 
B600 FF86Je82 
86El 
FF863292 


86E5 
)ea) 


86E7 ~ 
86E9 C6863Se..'91 


86EE_ 
86Fl 
8883 
86FJ 
EE 


86F4 B8C8 
86F6 EE 
86f7 58 


86F8 SF 
86F95/l 
86FA er 


86F8 52 
86FC SS 
86FD E81!l89 
8789_ 
878] 
B881 
B~ 
EE 
8786 
EC 


B787 A23782 
8789 
8838 
B7eC EE 
8~ 
SS 


B78E 5/l 
8ie1' 
er 


B718 SS 
8711 
52 
8712_ 
Bm 
8838 
8717 
EE 


87185/l 
8719 
ss 
87iA 
C3 


RS 
ER 
'oce 


1I1E 


491 


492 
493 
494 


495 
496 
497 
498 
499 
see 
S81 
S82 
SS) 


S84 


S8S 
S86 
SS7 
see 
S89 


518 
511 
512 
51) 
514 
515 
516 
S17 


518 
519 


S28 
S21 


S22 
523 
524 
S25 
S26 
527 
S28 


S29 
538 
531 


512 
5J3 
534 


5JS 
5J6 
5)7 


538 
539 


IN 
1(., ox 
.I<£ro ~TER 


Ill'I 
[011 I(. 
.STCft: 
IN 8tHER 
IN:: 
RX..POINTER..CIf!, 
IIIJf' 
TI£ stfFER 
PlJINTER 


It«: 
RlCCIJ.NLCIf! 
,1IIJf' 
TI£ CIJ-'NTER 


CIf' 
1(.. 
CR_CIf: 
. TEST IF lAST Cl*m:TER 
TO BE I<£crl\~D' 
Jl£ 
RIA 


I«l'I 
RX..~_I.1fi, 
1 .Y!'S, 
SET ~ 
Fl~ 


I«l'I 
DX, CIJtR(l~LCIf! 
,POINT AT CCItfHl 
PIXIT 
I«l'I 
1(.,) 
•POINT AT liB 


cm 
DX, I(. 


I«l'I 
1(., 
OCIlH 
; DISII!lE 
~~ 


un 
ox, it. 


RIR 
f'(p 
AI( 
. ElTI£R 
1tW, RBTCft: 
REGISTERS 


f'(p 
01 
f'(p 
DX 


lRET 
. REru;~ 
TO FCft:~ 


;CIfH£L 
A ERRIXISERVICE RWTU£ 


ERRUfl. 
PUSH 


PUSH 
CIl.L 


I«l'I 
I«l'I 
ooT 


IN 
I«l'I 
I«l'I 
cm 
P!I' 
f'(p 


lRET 


ox 
,SAIIE REGISTERS 


AI( 


EOI 
,SEIt) 
EOI C_ 
TO 8274 
ox, 
catft«>.PORLCIf! 
1(., 
I 
,POINT AT RRl 


ox, 
I(. 


fLOX 
,REfljRRj 
ERRIXI.JI5(,.CIf!. 
I(. 
,SAIIE IT IN ERRIXIFLAG 
1(., 
38H 
. SEIt) RESET ERRIXICIJtR(l 
TO 82,4 
ox, it. 


AI( 
,RESTCft: 
REGISTERS 


ox 


EJ(>-(F-INTERRlI'T 
RWTU£ 
• SEIt)S EOI CIJtR(l 
TO 8274 
THIS C_ 
I(J5T Il.It1/S 
TO ISSll:D eN C~ 
A 


EOI' 
PUSH 
AI( 
,SAIIE REGISTERS 


PUSH 
OX 


I«l'I 
ox, 
CIJtR(l.PORLI.1fi 
,1l.It1/S 
HR CIfH£L 
A '" 


I«l'I 
1(.,38H 


cm 
OX. I(. 


f'(p 
ox 
f'(p 
AI( 
RE! 


,00 OF COO{ RWTllE 


AIIC 
OOS 
Elt) 
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INTRODUCTION 


AP-145 


The INTEL 8274 is a Multi-Protocol Serial Controller, 
capable of handling both asynchronous and synchro- 
nous communication protocols. Its programmable fea- 
tures allow it to be configured in various operating 
modes, providing opimization to given data communi- 
cation application. 


This application 
note describes the features of the 
MPSC in Synchronous Communication 
applications 
only. It is strongly recommended that the reader read 
the 8274 Data Sheet and Application 
Note AP134 
"Asynchronous Communication with the 8274 Multi- 
Protocol Serial Controller" before reading this Applica- 
tion Note. This Application note assumes that the read- 
er is familiar with the basic structure of the MPSC, in 
terms of pin description, Read/Write 
registers and 
asynchronous communication with the 8274. Appendix 
A contains the software listings of the Application Ex- 
ample and Appendix B shows the MPSC Read/Write 
Registers for quick reference. 


The first section of this application note presents an 
overview of the various synchronous protocols. The 
second section discusses the block diagram description 
of the MPSC. This is followed by the description of 
MPSC interrupt structure and mode of operation in the 
third and fourth sections. The fifth section describes a 
hardware/software 
example, using the INTEL single 
board computer iSBC88/45 as the hardware vehicle. 
The sixth section consists of some specialized applica- 
tions of the MPSC. Finally, in section seven, some use- 
ful programming hints are summarized. 


SYNCHRONOUS 
PROTOCOL 
OVERVIEW 


This section presents an overview of various synchro- 
nous protocols. The contents of this section are fairly 
tutorial and may be skipped by the more knowledgeable 
reader. 


Bit Oriented 
Protocols Overview 


Bit oriented protocols have been defined to manage the 
flow of information on data communication links. One 
of the most widely known protocols is the one defined 
by the International 
Standards Organization: HDLC 


(High Level Data Link Control). The American Stan- 
dards Association's 
protocol, ADCCP 
is similar to 
HDLC. CCITT Recommendation X.25 layer 2 is also 
an acceptable version of HDLC. Finally, IBM's SDLC 
(Synchronous Data Link Control) is also a subset of the 
HDLC. 


In this section, we will concentrate most of our discus- 
sion on HDLC. Figure 1 shows a basic HDLC frame 
format. 


A frame consists of five basic fields: Flag, Address, 
Control, Data and Error Detection. A frame is bound- 
ed by flags-opening 
and closing flags. An address field 
is 8 bits wide, extendable to 2 or more bytes. The con- 
trol field is also 8 bits wide, extendable to two bytes. 
The data field or information field may be any number 
of bits. The data field mayor 
may not be on an 8-bit 
boundary. 
A powerful error 
detection 
code called 
Frame Check Sequence contains the calculated CRC 
(Cycle Redundancy Code) for all the bits between the 
flags. 


ZERO 
BIT INSERTION 


The flag has a unique binary bit pattern: 7E HEX. To 
eliminate the possibility of the data field containing a 
7E HEX pattern, a bit stuffmg technique called Zero 
Bit Insertion is used. This technique specifies that dur- 
ing transmission, a binary 0 be inserted by the transmit- 
ter after any succession of five contiguous binary 1'so 
This will ensure that no pattern of 0 1 1 1 1 1 10 is ever 
transmitted between flags. On the receiving side, after 
receiving the flag, the receiver hardware automatically 
deletes any 0 following five consecutive l's. The 8274 
performs zero bit insertion and deletion automatically 
in the SDLC/HDLC 
mode. The zero-bit stuffmg en- 
sures periodic transitions in the data stream. These 
transitions are necessary for a phase lock circuit, which 
may be used at the receiver end to generate a receive 
clock which is in phase to the received data. The insert- 
ed and deleted O's are not included in the CRC check- 
ing. The address field is used to address a given second- 
ary station. The control field contains the link-level con- 
trol information which includes implied acknowledge- 
ment, supervisory commands and responses, etc. A 
more detailed discussion of higher level protocol func- 
tions is beyond the scope of this application note. Inter- 
ested readers may refer to the references at the end of 
this application note. 


Opening 
Address' 
Control" 
Data 
Frame 
Closing 
Flag 
Field (A) 
Field (C) 
Field 
Check 
Flag 
Byte 
Sequence 
Byte 


*Extendable 
to 2 or More Bytes . 
•• Extendable 
to 2 Bytes. 


Figure 1. HOLC/SOLC 
Frame Format 
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NON-RETURN 
TO ZERO 
INVERTED 
(NRZI) 


NRZI is a method of clock and data encoding that is 
well suited to the HDLC protocol. It allows HDLC 
protocols to be used with low cost asynchronous mo- 
dems. NRZI coding is done at the transmitter to enable 
clock recovery from the data at the receiver terminal by 
using standard digital phase locked loop techniques. 
NRZI coding specifies that the signal condition does 
not change for transmitting 
a 1, while a 0 causes a 
change of state. NRZI coding ensures that an active 
data line will have transition at least every 5-bit times 
(recall Zero Bit Insertion), while contiguous O's will 
cause a change of state. Thus, ZBI and NRZI encoding 
makes it possible for a phase lock circuit at the receiver 
end to derive a receive clock (from received data) which 
is synchronized to the received data and at the same 
time ensure data transparency. 


Byte Synchronous 
Communication 


As the name implies, Byte Synchronous Communica- 
tion is a synchronous communication protocol which 
means that the transmitting station is synchronized to 
the receiving station through the recognition of a spe- 
cial sync character or characters. Two examples of Byte 
Synchronous protocol are the IBM Bisync and Mono- 


ences listed at the end of this Application Note. 


As shown in Figure 2, each message is preceded by two 
sync characters. Since the sync characters are defmed 
at the beginning of the message only, the transmitter 
must insert fill characters (sync) in order to maintain 
synchronization with the receiver when no data is being 
transmitted. 


TRANSPARENT 
TRANSMISSION 


Bisync protocol requires special control characters to 
maintain the communication link over the line. If the 
data is EBCDIC encoded, then transparency is ensured 
by the fact that the field will not contain any of the 
bisync control characters. However, if data does not 
conform to standard 
character 
encoding techniques, 
transparency in bisync is achieved by inserting a special 
character DLE (Data Link Escape) before and after a 
string of characters which are to be transmitted trans- 
parently. This ensures that any data characters which 
match any of the special characters are not confused for 
special characters. An example of a transparent block is 
shown in Figure 3. 


In a transparent 
mode, it is required that the CRC 
(BCC) is not performed on special characters. Later on, 
we will show how the 8274 can be used to achieve 
transparent transmission in Bisync mode. 


HEADER 
SYNC 
SYNC 
SOH 
STXTEXT 
ETXOR 
ETB 
CRC1 
CRC2 


Figure 2. Bisync Message 
Format 


STX 
TRANSPARENT 
TRANSMISSION 


return 
to normal 
mode 
Figure 3. Blsync Transparent 
Format 


DLE 


Enter 
transparent 
mode 
DLE 
ETX 
BCC 
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BLOCK DIAGRAM 


This section discusses the block diagram view of the 
8274. The CPU interface and serial interface is dis- 
cussed separately. This will be followed by a hardware 
example in the fifth section, which will show how to 
interface the 8274 with the Intel CPU 8088. The 8274 
block diagram is shown in Figure 4. 


CPU Interface 


The CPU interface to the system interface logic block 
utilizes the AO,AI, CS, RD and WR inputs to commu- 
nicate with the internal registers of the 8274. Figure 5 
shows the address of the internal registers. The DMA 
interface is achieved by utilizing DMA request lines for 


each 
channel: 
TxDRQA' 
TxDRQB, 
RxDRQA, 
RxDR~ote 
that TxDRQB and RxDRQ~become 
IPO and IPI respectively in non-DMA mode. IPI is the 
Interrupt Priority Input and IPO is the Interrupt Prior- 
ity Output. These two pins can be used for connecting 
multiple MPSCs in a daisy chain. If the Wait Mode is 
programmed, then TxRDQA and RxDRQA pins be- 
come RDYB and RDYA pins. These pins can be wire- 
OR'ed and are usually hooked up to the CPU RDY 
line to synchronize the CPU for block transfers. The 
INT pin is activated whenever the MPSC requires CPU 
attention. The INT A may be used to utilize the power- 
ful vectored mode feature of the 8274. Detailed discus- 
sion on these subjects will be done later in this Applica- 
tion Note. The RESET pin may be used for hardware 
reset while the clock is required to click the internal 
logic on the MPSC. 


CLK 


RESET 


RDYB/TxDROA 


RDY A/RxDROA 


IPO/TxDROB 


IP1/RxDROB 


INT 


INTA 


AO 


A1 


D8o·7 


r----------l 
CHANNEL 
A 


CHANNEL 
A 
TRANSMITTER 


TxDA 


TxCA 
DATA 


Bu~~iRS 
fv--"1/1 


I 1 1 


SYSTEM 
INTERFACE 
CONTROL 
LOGIC 


• f 


SYSTEM INTERFACE 


CHANNEL 
A 
WRITE 
REGISTERS 
DCDA 


CTSA 


RTSA 


SYNDETA 


DTRA 


RxDA 


RxCA 


TxDB 


TxCB 


DCDB 


CTSB 


{ 
SYNDETB 
RTSB 
ImfB 
i"cB 


RxDB 
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Figure 4. 8274 Block Diagram 
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CS 
A1 
AO 
Read Operation 
Write Operation 
0 
0 
0 
CHA 
DATA READ 
CHA 
DATA WRITE 
0 
1 
0 
CHA 
STATUS 
REGISTER 
CHA 
COMMAND/PARAMETER 
(RRO,RR1) 
(WRO-WR7) 
0 
0 
1 
CHB 
DATA READ 
CHB 
DATA WRITE 
0 
1 
1 
CHB 
STATUS REGISTER 
CHB 
COMMAND/PARAMETER 
(RRO,RR1,RR2) 
(WRO-WR7) 


1 
X 
X 
HIGHZ 
HIGHZ 


Figure 5. Bus Interface 


Serial Interface 
Transmit and Receive Data Path 


On the serial 
side, there 
are two completely 
indepen- 
dent channels: 
Channel 
A and Channel 
B. Each 
chan- 
nel consists 
of a transmitter 
block, receiver 
block and a 


set of read/write 
registers 
which 
are used to initialize 
the device. 
In addition, 
a control 
logic block 
provides 


the 
modem 
interface 
pins. 
Channel 
B serial 
interface 


logic is a mirror 
image 
of Channel 
A serial 
interface 


logic, except for one exception: 
there is only one pin for 
RTSB and SYNDETB. 


Figure 
6 shows 
a block 
diagram 
for transmit 
and 
re- 


ceive data 
path. 
Without 
describing 
each block on the 
diagram, 
a brief discussion 
of the block diagram 
will be 
presented 
here. 


TRANSMIT 
DATA 
PATH 


The transmit 
data is transferred 
to the twenty-bit 
serial 


shift register. 
The twenty 
bits are needed 
to store 
two 
bytes of sync characters 
in bisync mode. 
The last three 
bits of the shift register 
are used to indicate 
to the inter- 
nal control 
logic 
that 
the current 
data 
byte 
has been 


shifted out of the shift register. 
The transmit 
data in the 


A a given time, this pin is either 
RTSB or SYNDETB. 


This mode is programmable 
through 
one of the internal 


registers 
on the MPSC. 


CPU I 0 


TI:O" 


he" 
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Figure 6. Transmit 
and Receive 
Data Path 
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transmit shift register is shifted out through a two bit 
delay onto the TxData line. This two bit delay is used 
to synchronize the internal shift clock with the external 
transmit clock. The data in the shift register is also 
presented to zero bit insertion logic which inserts a zero 
after sensing five contiguous ones in the data stream. In 
parallel to all this activity, the CRC-generator is com- 
puting CRC on the transmitted data and appends the 
frame with CRC bytes at the end of the data transmis- 
sion. 


RECEIVE DATA PATH 


The received data is passed through a one bit delay 
before it is presented for flag/sync comparison. In bi- 
sync mode, after the synchronization is achieved, the 
incoming data bypasses the sync register and enters di- 
rectly into the three bit buffer on its way to receive shift 
register. In SDLC mode, the incoming data always 
passes through the sync register where the data pattern 
is continuously monitored for contiguous ones for the 


FIRST DATA CHARACTER 


FIRST NON·SYNC 
CHARACTER 
(SYNC 
MODES 


VALID 
ADDRESS 
BYTE (SDLC) 


PARITY 
ERROR 


RX OVER-RUN 
ERROR 


FRAMING 
ERROR 


END OF FRAME 
(SDLCONLY) 


DCD TRANSITION 


CTS TRANSmON 


SYNC TRANSmON 


TX UNDER-RUN/EOM 


BREAK/ABORT 
DETECT 


TX BUFFER EMPTY 


INTERRUPT 
ON FIRST RECEIVE 
CHARACTER 


INTERRUPT 
ON 
ALL RECEIVE 
CHARACTERS 


SPECIAL 
RECEIVE 
CONDITION 
INTERRUPT 


MPSC 
INTERRUPTS 


EXTERNAL 
STATUS 
INTERRUPT 


TRANSMIT 
INTERRUPT 
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Figure 7. MPSC Interrupt Structure 
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MULTI-PROTOCOL 
SERIAL 
CONTROLLER 
(MPSC) INTERRUPT 
STRUCTURE 


The MPSC otTersa very powerful interrupt structure, 
which helps in responding to an interrupt condition 
very quickly. There are multiple sources of interrupts 
within the MPSC. However, the MPSC resolves the 
priority between various interrupting sources and inter- 
rupts the CPU for service through the interrupt line. 
This section presents a comprehensivediscussion of aJl 
the 8247 interrupts and the priority resolution between 
these Interrupts. 


AJI the sources of interrupts on the 8274 can be 
grouped into three distinct categories. (See Figure 7.) 
1. Receive Interrupts 
2. Transmit Interrupts 
3. External/Status Interrupts. 


An internal interrupt priority structure sets the priority 
between the interrupts. There are two programmable 
options available on the MPSC. The priority is set by 
WR2A, D2 (Figure 8). 


PRIORITY 
WR2A:D2 
Highest 
Lowest 
0 
RxA 
TxA 
RxB TxB EXTA 
EXTB 


1 
RxA 
RxB 
TxA TxB EXTA 
EXTB 


Figure 8. Interrupt 
Priority 


Receive 
Interrupt 


AJI receive interrupts may be categorized into two dis- 
tinct groups: Receive Interrupt on Receive Character 
and Special Receive Condition Interrupts. 


____---~--t_.........•........ 
~... 
1. J.vuvwc:u ail-Ct at 
least a single valid sync character will generate this in- 
terrupt. An interrupt on first receivecharacter signifies 
the beginning of a valid frame. An end of the frame is 
characterized by an "End of Frame" Interrupt (RR1: 
D7)." This bit (RR1:D7) is set in SDLC/HDLC mode 
only and signifies that a valid ending flag (7EH) has 
been received. This bit gets reset either by an "Error 
Reset" command (WRO:D5D4D3 = 110)or upon re- 
ception of the first character of the next frame. In mul- 
tiframe reception, on receiving the interrupt at the 
"End of Frame" the CPU may issue an Error Reset 
command which will reset the interrupt. In DMA 
mode, the interrupt on first receivecharacter is accom- 
panied by a RxDRQ (Receiver DMA request) on the 
appropriate channel. At the end of the frame, an End of 
Frame interrupt is generated. The CPU may use this 
interrupt to jump into a routine which may redefinethe 
receivebutTerfor the next incoming frame. 


"NOTE: 
RR 1:D7 is bit D7 in Read Register 1. 


SPECIAL 
RECEIVE 
CONDITION 
INTERRUPTS 


So far, we have assumed that the reception is error free. 
But this is not 'typical' in most real life applications. 
Any error condition during a frame reception generates 
yet another interrupt-special 
receive condition inter- 
rupt. There are four ditTerenterror conditions which 
can generate this interrupt. 
(i) 
Parity error 
(ii) 
Receive Overrun error 
(iii) Framing error 
(iv) End of Frame 


(i) Parity error: Parity error is encountered in asyn- 
chronous (start-stop bits) and in bisync/monosync pro- 
tocols. Both odd or even parity can be programmed. A 
parity error in a received byte will generate a special 
receivecondition interrupt and sets bit 4 in RR 1. 
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(ii) Receive Overrun error: If the CPU or the DMA 
controller (in DMA mode) fails to read a received char- 
acter within three byte times after the received charac- 
ter interrupt (or DMA request) was generated, the re- 
ceiver buffer will overflow and this will generate a spe- 
cial receive condition interrupt and sets bit 5 in RR1. 


(iii) Framing error: In asynchronous mode, a framing 
error will generate a special receive interrupt and set bit 
D6 in RR1. This bit is not latched and is updated on 
the next received character. 


(iv) End of frame: This interrupt 
is encountered in 
SDLC/HDLC 
mode only. When the MPSC receives 


the closing flag, it generates the special receive condi- 
tion interrupt and sets bit D7 in RR1. 


All the special receive condition interrupts may be reset 
by issuing an Error Reset Command. 


CRC Error: In SDLC/HDLC 
and synchronous modes, 


a CRC error is indicated by bit D6 in RR1. When used 
to check CRC error, this bit is normally set until a 
correct CRC match is obtained which resets this bit. 
After receiving a frame, the CPU must read this bit 
(RRI:D6) to determine if a valid CRC check had oc- 
curred. It may be noted that a CRC error does not 
generate an interrupt. 


It may also be pointed out that in SDLC/HDLC 
mode, 


receive DMA requests are disabled by a special receive 
condition and can only be re-enabled by issuing an Er- 
ror Reset Command. 


Transmit 
Interrupt 


A transmit buffer empty generates a transmit interrupt. 
This has been discussed earlier under "Transmit in In- 
terrupt Mode" and it would be sufficient to note here 
that a transmit butTerempty interrupt is generated only 
when the transmit buffer gets empty-assuming 
it had 
a data character loaded into it earlier. This is why on 
starting a frame transmission, the first data character is 
loaded by the CPU without a transmit empty interrupt 
(or DMA request in DMA mode). After this character 
is loaded into the serial shift register, the buffer be- 
comes empty, and an interrupt (or DMA request) is 
generated. This interrupt is reset by a "Reset Tx Inter- 
rupt/DMA 
Pending" command (WRO: D5 D4 D3 
101). 


External/Status 
Interrupt 


Continuing our discussion on transmit interrupt, if the 
transmit buffer is empty and the transmit serial shift 
register also becomes empty (due to the data character 
shifted out of the MPSC), a transmit under-run inter- 
rupt will be generated. This interrupt may be reset by 
"Reset External/Status 
Interrupt" 
command (WRO: 


D5 D4 D3 = 101). 


The External Status Interrupt 
can be caused by five 


different conditions: 
(i) 
CD Transition 
(ii) 
CTS Transition 
(iii) 
Sync/Hunt Transition 
(iv) 
Tx under-run/EOM 
condition 
(v) 
Break/Abort 
Detection. 


CO, CTS TRANSITION 


Any transition on these inputs on the serial interface 
will generate an External/Status 
interrupt and set the 


corresponding bits in status register RRO. This inter- 
rupt will also be generated in DMA as well as in Wait 
Mode. In order to find out the state of the CTS or CD 
pins before the transition had occurred; RRO must be 
read before issuing a Reset External/Status 
Command 
through WRO.A read of RRO after the Reset Extemal/ 
Status Command will give the condition of CTS or CD 
pins after the transition had occurred ..Note that bit D5 
in RRO gives the complement of the state' of CTS pin 
while D3 in RRO reflects the actual state of the CD pin. 


SYNC 
HUNT TRANSITION 


Any transition of the SYNDET input generates an in- 
terrupt. However, sync input has different functions in 
different modes and we shall discuss them individually. 


SOLC Mode 


'In SDLC mode, the SYNDET pin is an output. Status 
register RRI, D4 contains the state of the SYNDET 
pin. The Enter Hunt Mode initially sets this bit in RO. 
An opening flag in a received SDLC frame resets this 
bit and generates an external status interrupt. 
Every 


time the receiver is enabled or the Enter Hunt Code 
Command is issued, an external status interrupt will be 
generated on receiving a valid flag followed by a valid 
address/data 
character. This interrupt may be reset by 


the "Reset External/Status 
Interrupt" 
command. 


External 
SYNC Mode 


The MPSC can be programmed into External Sync 
Mode by setting WR4, D5 D4 = 11. The SYNDET 
pin is an input in this case and must be held high until 
an external character 
synchronization 
is established. 


However, the External Sync mode is enabled by the 
Enter Hunt Mode control bit (WR3: D4). A high at the 
SYNDET pin holds the Sync/Hunt 
bit (RRO,D4) in 


the reset state. When external synchronization is estab- 
lished, SYNDET must be driven low on second rising 
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edge of RxC after the rising edge of RxC on which the 
last bit of sync character was received. This high to low 
transition sets the Sync/Hunt bit and generates an ex- 
ternal/status 
interrupt, which must be reset by the Re- 


set External/Status 
command. If the SYNDET input 
goes high again, another External Status Interrupt is 
generated, which may be cleared by Reset External/ 
Status command. 


Mono-Sync/Blsync 
Mode 


SYNDET pin acts as an output in this case. The Enter 
Hunt Mode sets the Sync/Hunt bit in RO. Sync/Hunt 
bit is reset when the MPSC achieves character synchro- 
nization. This high to low transition will generate an 
external status interrupt. The SYNDET pin goes active 
every time a sync pattern is detected in the data stream. 
Once again, the external status interrupt may be reset 
by the Reset External/Status 
command. 


Tx UNDER-RUN/END 
OF MESSAGE 
(EOM) 


The transmitter logic includes a transmit buffer and a 
transmit serial shift register. The CPU loads the char- 
acter into the transmit buffer which is transferred into 
the transmit 
shift register to be shifted out of the 
MPSC. If the transmit buffer gets empty, a transmit 
buffer empty interrupt is generated (as discussed earli- 
er). However, if the transmit buffer gets empty and the 
serial shift register gets empty, a transmit under-run 
condition will be created. This generates an External 
Status Interrupt and the interrupt can be cleared by the 
Reset External Status command. The status register 
RRO, D6 bit is set when the transmitter under-runs. 
This bit plays an important role in controlling a trans- 
mit operation, as will be discussed later in this applica- 
tion note. 


BREAK/ ABORT 
DETECTION 


In asynchronous mode, bit D7 in RRO is set when a 
break condition is detected on the receive data line. 
This also generates an External/Status 
interrupt which 
may be reset by issuing a Reset External/Status 
Inter- 
rupt command to the MPSC. Bit D7 in RRO is reset 
when the break condition is terminated on the receive 
data line and this causes another External/Status inter- 
rupt to ge generated. Again, a Reset External/Status 
Interrupt 
command will reset this interrupt and will 
enable the break detection logic to look for the next 
break sequence. 


In SDLC Receive Mode, an Abort sequence (seven or 
more I's) detection on the receive data line will gener- 
ate an External/Status 
interrupt and set RRO,D7. A 
Reset External/Status 
command will clear this inter- 
rupt. However, a termination of the Abort sequence 
will generate another interrupt and set RRO,D7 again. 
Once again, it may be cleared by issuing Reset Exter- 
nal/Status Command. 


This concludes our discussion on External Status Inter- 
rupts. 


Interrupt 
Priority 
Resolution 


The internal interrupt priority between various inter- 
rupt sources is resolved by an internal priority logic 
circuit, according to the priority set in WR2A. We will 
now discuss the interrupt timings during the priority 
resolution. Figures 9 and 10 show the timing diagrams 
for vectored and non-vectored modes. 


VECTORED 
MODE 


We shall assume that the MPSC accepted an internal 
request for an interrupt by activating the internal INT 
signal. This leads to generating an external interrupt 
signal on the INT pin. The CPU responds with an in- 
terrupt 
acknowledge (INTA) 
sequence. The leading 
edge of the first INT A pulse sets an internal interrupt 
acknowledge signal (we will call it Internal INTA). In- 
ternal INT A is reset by the high going edge of the third 
INT A pulse. The MPSC will not accept any internal 
requests for an interrupt during the period when Inter- 
nal INTA is active (high). The MPSC resolves the pri- 
ority during various existing internal interrupt requests 
during the Interrupt 
Request Priority Resolve Time, 
which is defmed as the time between the leading edge of 
the first INT A and the leading edge of the second 
INTA from the CPU. Once the internal priorities have 
been resolved, an internal Interrupt-in-service Latch is 
set. The external INT is also deactivated when the In- 
terrupt-in-Service Latch is set. 


The lower priority interrupt requests are not accepted 
internally until an EOI (WRO:D5 D4 D3 = III Ch. A 
only) command is issued by the CPU. The EOI com- 
mand enables the lower priority interrupts. However, a 
higher priority interrupt request will still be accepted 
(except during the period when internal INTA is ac- 
tive) even though the Internal-in-Service Latch is set. 
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Figure 9. 8274 In 8085 Vectored 
Mode Priority 
Resolution 
Time 
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Figure 10.8274 
Non Vectored 
Mode Priority Resolve Time 
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EOI Command 
Thi~her 
priority request will generate another exter- 


nal INT and will have to be handled by the CPU ac- 
cording to how the CPU is set up. If the CPU is set up 
to respond to this interrupt, a new INT A cycle will be 
repeated as discussed earlier. It may also be noted that 
a transmitter buffer empty and receive character avail- 
able interrupts are cleared by loading a character into 
the MPSC and by reading the character received by the 
MPSC respectively. 


NON-VECTORED 
MODE 


Figure 10 shows the timing of interrupt sequence in 
non-vectored mode. The explanation of non-vectored is 
similar to the vector mode, except for the following 
exceptions. 
No internal priority requests are accepted during 
the time when pointer 2 for Channel B is specified. 
The interrupt request priority resolution time is the 
time between the leading edge of pointer 2 and lead- 
ing edge ofRD active. It may be pointed out that in 
non-vectored mode, it is assumed that the status 
affects vector mode is used to expedite interrupt re- 
sponse. 


On getting an interrupt in non-vectored mode, the CPU 
must read status register RR2 to fmd out the cause of 
the interrupt. In order to do so, first a pointer to status 
register RR2 is specified and then the status read from 
RR2. It may be noted here that after specifying the 
pointer, the CPU must read status register RR2 other- 
wise, no new interrupt requests will be accepted inter- 
nally. 


Just like the vectored mode, no lower internal priority 
requests are accepted until an EOI command is issued 
by the CPU. A higher priority request can still inter- 
rupt the CPU (except during the priority request inhibit 
time). It is important to note here that if the CPU does 
not perform a read operation after specifying the point- 
er 2 for Channel B, the interrupt request accepted be- 
fore the pointer 2 was activated will remain valid and 
no other request (high or low priority) will be accepted 
internally. In order to complete a correct priority reso- 
lution, it is advised that a read operation be done after 
specifying the pointer 2B. 


IPI and IPO 


So far, we have ignored the IPI and IPO signals shown 
in Figures 9 and 10. We may recall that IPI is the 
Interrupt-Priority-Input 
to the MPSC. In conjunction 
with the IPO (Interrupt Priority Output), it is used to 
daisy chain multiple MPSCs. MPSC daisy chaining will 
be discussed in detail later in this application note. 


The EOI command as explained earlier, enables the 
lower priority interrupts by resetting the internal In- 
Service-Latch, which consequently resets the IPO out- 
put to a low state. See Figures 9 and 10for details. Note 
that before issuing any EOI command, the internal in- 
terrupting 
source must be satisfied otherwise, same 
source will interrupt again. The Internal Interrupt 
is 
the signal which gets reset when the internal interrupt- 
ing source is satisfied (see Figure 9). 


This concludes our discussion on the MPSC Interrupt 
Structure. 


MULTI-PROTOCOL 
SERIAL 
CONTROL1.ER 
(MPSC) MODES OF 
OPERATION 


The MPSC provides two fully independent channels 
that may be configured in various modes of operations. 
Each channel can be configured into full duplex mode 
and may operate in a mode or protocol different from 
the other channel. This feature will be very efficient in 
an application which requires two data link channels 
operating in different protocols and possibly at different 
data rates. This section presents a detailed discussion 
on all the 8274 modes and shows how to configure it 
into these modes. 


Interrupt 
Driven Mode 


In the interrupt mode, all the transmitter and receiver 
operations are reported to the processor through inter- 
rupts. Interrupts are generated by the MPSC whenever 
it requires service. In the following discussion, we will 
discuss how to transmit and receive in interrupt driven 
mode. 


TRANSMIT 
IN INTERRUPT 
MODE 


The MPSC can be configured into interrupt mode by 
appropriately setting the bits in WR2 A (Write Register 
2, Channel A). Figure 11 shows the modes of operation. 


WR2A 
Mode 
01 
DO 
0 
0 
CH A and CH B in Interrupt 
Mode 
0 
1 
CH A in DMA and CH B in Interrupt 
Mode 
1 
0 
CH A and CH B in DMA Mode 
1 
1 
Illegal 


Figure 11. MPSC Mode Selection 
for 
Channel A and Channel 
B 
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We will limit our discussion to SDLC transmit and re- 
ceive only. However, exceptions for other synchronous 
protocols will be pointed out. To initiate a frame trans- 
mission, the first data character must be loaded from 
the CPU, in all cases. (DMA Mode too, as you will 
notice later in this application 
note). Note that in 
SDLC mode, this first data character may be the ad- 
dress of the station addressed by the MPSC. The trans- 
mit buffer consists of a transmit buffer and a serial shift 
register. When the character is transferred from the 
buffer into the serial shift regiser, an interrupt due to 
transmit buffer empty is generated. The CPU has one 
byte time to service this interrupt 
and load another 
character into the transmitter buffer. The MPSC will 
generate an interrupt due to transmit buffer underrun 
condition if the CPU does not service the Transmit 
Buffer Empty Interrupt within one byte time. 


This process will continue until the CPU is out of any 
more data characters to be sent. At this point, the CPU 
does not respond to the interrupt with a character but 
simply issues a Reset Tx INT/DMA 
pending com- 
mand (WRO: D5 D4 D3 = 101). The MPSC will ulti- 
mately underrun, which simply means that both the 
transmit buffer and transmit shift 'registers are empty. 
At this point, flag character (7EH) or CRC byte is 
loaded into the transmit shift register. This sets the 
transmit underrun bit in RRO and generates "Transmit 
Underrun/EOM" 
interrupt (RRO: D6 = 1). 


You will recall that an SDLC frame has two CRC bytes 
after the data field. 8274 generates the CRC on all the 
data that is loaded from the CPU. During initialization, 
there is a choice of selecting a CRC-16 or CCITT-CRC 
(WR5: D2). In SDLC/HDLC 
operation, CCITT-CRC 
must be selected. We will now see how the CRC gets 
inserted at the end of the data field. Here we have a 
choice of having the CRC attached to the data field or 
sending the frame without the CRC bytes. During 
transmission, 
a "Reset Tx Underrun/EOM 
Latch" 


command (WRO: D7 D6 = 11) will ensure that at the 
end of the frame when the transmitter underruns, CRC 
bytes will be automatically inserted at the end of the 
data field. If the "Reset Tx Underrun/EOM 
Latch" 
command was not issued during the transmission of 
data characters, no CRC would be inserted and the 
MPSC will transmit flags (7EH) instead. 


However, in case of CRC transmission, the CRC trans- 
mission sets the Tx Underrun/EOM 
bit and generates a 
Transmitter 
Underrun/EOM 
Interrupt 
as discussed 
earlier. This will have to be reset in the next frame to 
ensure CRC insertion in the next frame. It is recom- 
mended that Tx Underrun/EOM 
latch be reset very 
early in the transmission mode, preferably after loading 
the first character. It may be noted here that Tx Under- 
run EOM latch cannot be reset if there is no data in the 
transmit buffer. This means that at least one character 
has to be loaded into the MPSC before a "Reset Trans- 
mit Underrun/EOM 
Latch" command will be accepted 
by the MPSC. 


When the transmitter is underrun, an interrupt is gen- 
erated. This interrupt is generated at the beginning of 
the CRC transmission, thus giving the user enough 
time (minimum 22 transmit clock cycles) to issue an 
Abort command (WRO: D5 D4 D3 = 00 1) in case if 
the transmitted data had an error. The Abort Com- 
mand will ensure that the MPSC transmits at least 
eight l's but less than fourteen l's before the line re- 
verts to continuous flags. The receiver will scratch this 
frame because of bad CRC. 


However, assuming the transmission 
was .good (no 
Abort Command issued); after the CRC bytes have 
been transmitted, closing flag (7EH) is loaded into the 
transmit buffer. When the flag (7EH) byte is trans- 
ferred to the serial shift register, a transmit buffer emp- 
ty interrupt is generated. If another frame has to be 
transmitted, a new data character has to be loaded into 
the-transmit buffer and the complete transmit sequence 
repeated. If no more frames are to be transmitted, 
a 
"Reset 
Transmit 
INT/DMA 
Pending" 
command 
(WRO:D5 D4 D3 = 101) will reset the transmit buffer 
empty interrupt. 


For character oriented protocols (Bisync, Monosync), 
the same discussion is valid, except' that during trans- 
mit underrun condition and transmit underrun/EOM 
bit in set state, instead of flags, filler sync characters are 
transmitted. 


CRC Generation 


The transmit CRC enable bit (WR5: DO) must be set 
before loading any data into the MPSC. The CRC gen- 
erator must be reset to all 1's at the beginning of each 
frame before CRC computation has begun. The CRC 
computation starts on the first data character loaded 
from the CPU and continues until the last data charac- 
ter. The CRC generated is inverted before it is sent on 
the Tx Data line. 


Transmit 
Termination 


A successful transmission can be terminated by issuing 
a "Reset Transmit 
Interrupt/DMA 
Pending" 
com- 
mand, as discussed earlier. However, the transmitter 
may be disabled any time during the transmission and 
the results will be as shown in Figure 12. 


RECEIVE 
IN INTERRUPT 
MODE 


The receiver has to be initialized into the appropriate 
receive mode (see sample program later in this applica- 
tion note). The receiver must be programmed into Hunt 
Mode (WR3: D4) before it is enabled (WR3: DO). The 
receiver will remain in the Hunt Mode until a flag (or 
sync character) is received. While in the SDLC/Bi- 
sync/Monosync mode, the receiver does not enter the 
Hunt Mode unless the Hunt bit (WR3, D4) is set again 
or the receiver is enabled again. 


2-399 


inter 
AP-145 


SDLC Address byte is stored in WR6. A global address 
(FFH) has been hardwired on the MPSC. In address 
search mode (WR3: D2 = I), any frame with address 
matching with the address in WR6 will be received by 
the MPSC. Frames with global address (FFH) will also 
be received, irrespective of the condition of address 
search mode bit (WR3: D2). In general receive mode 
(WR3: D2 = 0), all frames will be received. 


Transmitter 
Result 
Disabled 
during 


1. Data Transmission 
Tx Data will send idle 
characters' 
which will be 
zero inserted. 


2. GRG Transmission 
16 bit transmission, 
corresponding 
to 16 bits of 
GRG will be completed. 
However, 
flag bits will be 
substituted 
in the GRG field. 


3. Immediately 
after 
Abort will still be 
issuing ABORT 
transmitted-output 
will be 
command. 
in the mark state. 


Figure 12. Transmitter 
Disabled 
During Transmission 


"NOTE: 
Idle characters are defined as a string of 15 or more 
contiguous ones. 


Since the MPSC only recognizes single byte address 
field, extended address recognition will have to be done 
by the CPU on the data passed on by the MPSC. If the 
first address byte is checked by the MPSC, and the 
CPU determines that the second address byte does not 
have the correct address field, it must set the Hunt 
Mode (WR3: D2 = I) and the MPSC will start search- 
ing for a new address byte preceded by a flag. 


Programmable 
Interrupts 


The receiver may be programmed into anyone of the 
four modes. See Figure 13 for details. 


WR1,CHA 
Rx Interrupt 
Mode 
04 
03 
0 
0 
Rx INT /DMA 
disable 
0 
1 
Rx INT on first character 


1 
0 
INT on all Rx characters 
(Parity affects vector) 


1 
1 
INT on all Rx characters 
(Parity does not affect vector) 


Figure 13. Receiver 
Interrupt 
Modes 


All receiver interrupts can be disabled by WRI: D4 D3 
= 00. Receiver interrupt on first character is normally 


used to start a DMA transfer or a block transfer se- 
quence using WAIT to synchronize the data transfer to 
received or transmitted data. 


External 
Status 
Interrupts 


Any change in CD input or Abort detection in the re- 
ceiveddata, will generate an interrupt if External Status 
Interrupt was enabled (WRI: DO). 


Special 
Receive 
Conditions 


The receiver butTeris quadruply butTered.If the CPU 
fails to respond to "receive character" available inter- 
rupt within a period of three byte times (received 
bytes), the receiver butTerwill overflowand generate an 
interrupt. Finally, at the end of the received frame, an 
interrupt will be generated when a valid ending flag has 
been detected. 


Receive 
Character 
Length 


The receive character length (6, 7 or 8 bits/character) 
may be changed during reception. However, to ensure 
that the change is etTectiveon the next received charac- 
ter, this must be done fast enough such that the bits 
specified for the next character have not been assem- 
bled. 


CRC Checking 


The opening flag in the frame resets the receive CRC 
generator and any field between the opening and clos- 
ing flag is checked for the CRC. In case of a CRC 
error, the CRCIFraming Error bit in status register I is 
set (RRI: D6 = 1).Receiver CRC may be disabled/en- 
abled by WR3,D3. The CRC bytes on the received 
frame are passed on to the CPU just like data, and may 
be discarded by the CPU. 


Receive 
Terminator 


An end of frame is indicated by End of Frame inter- 
rupt. The CPU may issue an "Error Reset" command 
to reset this interrupt. 


DMA (Direct 
Memory 
Access) 
Mode 


The 8274 can be interfaced directly to the Intel DMA 
Controllers 8237A, 8257A and Intel I/O 
Processor 
8089. The 8274 can be programmed into DMA mode 
by setting appropriate bits in WR2A. See Figure 11for 
details. 
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TRANSMIT 
IN DMA MODE 


After initializing the 8274 into the DMA mode, the 
first character must be loaded from the CPU to start 
the DMA cycle. When the first data character (may be 
the address byte in SDLC) is transferred from the 
transmit buffer to the transmit serial shift register, the 
transmit buffer gets empty and a transmit DMA re- 
quest (TxDRQ) is generated for the channel. Just like 
the interrupt mode, to ensure that the CRC bytes are 
included in the frame, the transmit under-runJEOM 
latch must be reset. This should preferably be done af- 
ter loading the first character 
from the CPU. The 
DMA will progress without any CPU intervention. 
When the DMA controller reaches the terminal count, 
it will not respond to the DMA request, thus letting the 
MPSC under-run. This will ensure CRC transmission. 
However, the under-run condition will generate an in- 
terrupt due to the Tx under-run/EOM 
bit getting set 
(RRO: D6). The CPU should issue a "Reset TxInt/ 
DRQ pending" command to reset TxDRQ and issue a 
"Reset External Status" command to reset Tx Under- 
run/EOM 
interrupt. Following the CRC transmission, 
flag (7EH) will be loaded into the transmit buffer. This 
will also generate the TxDRQ since the transmit buffer 
is empty following the transmission of the CRC bytes. 
The CPU may issue a "Reset TxINT/DRQ 
pending" 
command to reset the TxDRQ. "Reset TxINT/DRQ 
pending" command must be issued before setting up 
the transmit DMA channel on the DMA Controller, 
otherwise the MPSC will start the DMA transfer im- 
mediately after the DMA channel is set up. 


RECEIVE 
IN DMA MODE 


The receiver must be programmed in RxINT on first 
receive character mode (WRI: D4 D3 = 0 I). Upon 
receiving the first character, which may be the address 
byte in SDLC, the MPSC generates an interrupt and 
also generates a Rx DMA Request (Rx DRQ) for the 
appropriate channel. The CPU has three byte times to 
service this interrupt (enable the DMA controller, etc.) 
before the receiver buffer will overflow. It is advisable 
to initialize the DMA controller before receiving the 
first character. In case of high bit rates, the CPU will 
have to service the interrupt very fast in order to avoid 
receiver over-run. 


Once the DMA is enabled, the received data is trans- 
ferred to the memory under DMA control. Any re- 
ceived error conditions or external status change condi- 
tion will generate an interrupt as in the interrupt driven 
mode. The End of Frame is indicated by the End of 
Frame interrupt which is generated on reception of the 
closing flag of the SDLC frame. This End of Frame 
condition also disables the Receive DMA request. The 


End of Frame interrupt may be reset by issuing an "Er- 
ror Reset" command to the MPSC. The "Error Reset" 
command also re-enables the Receive DMA request. It 
may be noted that the End of Frame condition sets bit 
D7 in RRI. This bit gets reset by "Error Reset" com- 
mand. However, End of Frame bit (RRI: D7) can also 
be reset by the flag of the next incoming frame. For 
proper operation, Error Reset Command should be is- 
sued "after" the End of Frame Bit (RR I: D7) is set. In 
a more general case, "Error Reset" command should be 
issued after End of Frame, Receive over-run or Receive 
parity bit are set in RR I. 


Wait Mode 


The wait mode is normally used for block transfer by 
synchronizing the data transfer through the Ready out- 
put from the MPSC, which may be connected to the 
Ready input of the CPU. 
The mode can be pro- 
grammed by WR I, D7 D5 and may be programmed 
separately and independently on CH A and CH B. The 
Wait Mode will be operative if the following conditions 
are satisfied. 
(i) 
Interrupts are enabled. 
(ii) 
Wait Mode is enabled (WRI: D7) 
(iii) 
CS = 0, Al = 0 


The RDY output becomes active when the transmitter 
buffer is full or receiver buffer is empty. This way the 
RDY output from the MPSC can be used to extend the 
CPU read and write cycle by inserting WAIT states. 
RDY A or RDY B are in high impedance state when the 
corresponding channel is not selected. This makes it 
possible to connect RDY A and RDY B outputs in wired 
OR configuration. Caution must be exercised here in 
using the RDY outputs of the MPSC or' else the CPU 
may hang up for indefinite period. For example, let us 
assume that transmitter buffer is full and RDIA..is ac- 
tive, forcing the CPU into a wait state. If the CTS goes 
inactive during this period, the RDY A will remain ac- 
tive for indefinite period and CPU will continue to in- 
sert wait states. 


Vectored/Non-Vectored 
Mode 


The MPSC is capable of providing an interrupt vector 
in response to the interrupt acknowledge sequence from 
the CPU. WR2, CH B contains this vector and the 
vector can be read in status register RR2. WR2, CH A 
(bit D5) can program the MPSC in vectored or non- 
vectored mode. See Figure 14 for details. 
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In both cases, WR2 may still have the vector stored in 
it. However, in vectored mode, the MPSC will put the 
vector on the data bus in response to the INT A (Inter- 
rupt Acknowledge) sequence as shown in Figure 15. In 
non-vectored mode, the MPSC will not respond to the 
INTA sequence. However, the CPU can read the vec- 
tor by polling Status Register RR2. WR2A, 04 and 03 
can be programmed to respond to 8085 or 8086 INT A 
sequence. It may be noted here that IPI (Interrupt Pri- 
ority In) pin on the MPSC must be active for the vector 
to appear on the data bus. 


STATUS AFFECT VECTOR 


The Vector stored in WR2B can be modified by the 
source of the interrupt. This can be done by setting the 
Status Affect Vector bit (WRl: 02). This powerful fea- 
ture of the MPSC provides fast interrupt response time, 
by eliminating the need of writing a routine to read the 
status of the MPSC. Three bits of the vector are modi- 
fied in eight different ways as shown on Figure 16. Bits 
V4, V3, V2 are modified in 8085 based system and bits 
V2, VI, VOare modified in 8086/88 based system. 


WR2A,05 
Interrupt 
Mode 


0 
Non-vectored 
Interrupt 
1 
Vectored Interrupt 


In non-vectored mode, the status -affect vector mode 
can still be used and the vector read by the CPU. Status 
register RR2B (Read Register 2 in Channel B) will con- 
tain this modified vector. 
Figure 14. Vectored 
Interrupt 


WR2A 
IPI 
Mode 
1st INTA 
2nd INTA 
3rd INTA 
05 
04 
03 
0 
X 
X 
X 
Non-Vectored 
HI-Z 
HI-Z 
HI-Z 
1 
0 
0 
0 
8085-1 
11001101 
V7V6V5V4V3V2V1 
VO 
00000000 
1 
0 
0 
1 
8085-1 
11001101 
HI-Z 
HI-Z 
1 
0 
1 
0 
8085-2 
HI-Z 
V7 V6 V5 V4 V3 V2 V1 VO 
00000000 
1 
0 
1 
1 
8085-2 
HI-Z 
HI-Z 
HI-Z 
1 
1 
0 
0 
8086 
HI-Z 
V7V6V5V4V3V2V1 
VO 
- 
1 
1 
0 
1 
8086 
HI-Z 
HI-Z 
- 


Figure 15. MPSC Vectored 
Interrupts 


(8085 
V4 
V3 
V2 
Channel 
Interrupt 
Source 
(8086) 
V2 
V1 
VO 
0 
0 
0 
B 
Tx Buffer Empty 
0 
0 
1 
EXT/STAT Change 
0 
1 
0 
RX CHAR Available 
0 
1 
1 
Special Rx Condition 
1 
0 
0 
A 
Tx Buffer Empty 
1 
0 
1 
EXT1ST AT Change 
1 
1 
0 
RX CHAR Available 
1 
1 
1 
Special Rx Condition 


Rx Special 
Condltlon: 
Parity Error, Framing 
Error, Rx Over-run 
Error, EOF (SDLC). 
EXT/STAT 
Change: 
Change 
in Modem 
Control 
Pin Status: 
CTS, DCD, SYNC, 
EOM, Break/Abort 
Detection. 
Figure 16. Status 
Affect Vector Mode 
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8237A-5 
DMA 


8273,8274 
SERIAL 
I/O 


CHANNEL A 


CHANNEL B 


CHANNELC 
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~UAL PORT ACCESS 
CONTROL 


8255A 
PARALLEL 
I/O 


8254-2 
PIT 
COUNTERS 


8259A 
INTERRUPT 
CONTROL 


MULTlBUS 
ADDRESS BITS 
ADR14/-17/ 
LED'S 


APPLICATION 
EXAMPLE 


Figure 17. Functional 
Block Diagram-iSBC@ 
88/45 


This section 
describes 
the hardware 
and software 
of an 


8274/8088 
system. 
The 
hardware 
vehicle 
used 
is the 
INTEL 
Single 
Board 
Computer 
iSBC 
88/45-Ad- 


vanced 
Communication 
Controller. 
The 
software 


which 
exercises 
the 
8274 is written 
in PLM 
86. This 


example 
will demonstrate 
how 8274 can be configured 


into the SDLC 
mode 
and transfer 
data 
through 
DMA 


control. 
The 
hardware 
example 
will 
help 
the 
reader 


configure 
his hardware 
and the software 
examples 
will 
help in developing 
an application 
software. 
Most 
soft- 


ware examples 
closely 
approximate 
real data 
link con- 


troller 
software 
in the SDLC 
communication 
and may 
be used with very little modification. 


iSBC® 88/45 


A brief description 
of the iSBC 
88/45 
board 
will be 


presented 
here. 
For 
more 
detailed 
information 
on the 


board 
and 
the schematics, 
refer to Hardware 
Manual 
for the 
iSBC 
88/45, 
Advanced 
Communication 
Con- 


troller. 
iSBC 88/45 
is an intelligent 
slave/multimaster 


communication 
board 
based on the 8088 processor, 
the 


8274 and the 8273 SDLC/HDLC 
controller. 
Figure 
17 
shows 
the functional 
block 
diagram 
of the board. 
The 
iSBC 88/45 
has the following 
features. 


• 
8 MHz 
processor 


• 
16K bytes of static 
RAM 
(12K dual port) 


• 
Multimaster/Intelligent 
Slave Multibus 
Interface 


• 
Nine Interrupt 
Levels 8259A 


• 
Two serial channels 
through 
8274 


• 
One Serial channel 
through 
8273 


• 
S/W 
programmable 
baud rate generator 


• 
Interfaces: 
RS232, 
RS422/449, 
CCITT 
V.24 


• 
8237A 
DMA 
controller 


• 
Baud Rate 
to 800K Baud 
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INITIALIZE_8274:PROCEDURE PUBLIC. 


1*********************************************.*.*********************.*.1 
1* 
*1 
/* 
INITIALIZE THE 8274 FOR SDLC MODE 
*/ 
1* 
*1 
/* 
I. RESET CHANNEL 
*/ 
/* 
2. EXTERNAL INTERRUPTS ENABLED 
*/ 
1* 
3. 
NO 
WAIT 
*' 
/* 
4. PIN 10 = RTS 
*/ 
/* 
5. 
NON-VECTORED 
INTERRUPT-SOSb MODE 
*/ 
1* 
6. 
CHANNEL 
A 
OMA. 
CH 
8 
INT 
*1 
1* 
7. 
TX 
AND 
RX 
= 
8 
BITS/CHAR 
*/ 


/* 
9. ADDRESS SEARCH MODE 
+I 
1* 
10. CD AND eTS 
AUTO ENABLE 
*/ 
1* 
11.XICLOCK 
*1 
/* 
12. NO PARITY 
*/ 
/* 
13.SDLC/HDLC MODE 
*/ 


1* 
14.RTS 
AND 
DTR 
*1 
1* 
15.CCITT 
- 
CRC 
*' 
/* 
16.TRANSMITTER AND RECEIVER ENABLED 
*/ 
1* 
17. 7EH 
~ 
FLAG 
*/ 
1* 
*1 


1.***********************************.********* 
••• ******.****.* 
•••••••••• 
, 


DECLARE C BYTE. 


/* TABLE TO INITIALIZE THE 8274 CHANNEL A AND 
*/ 
/* FORMAT IS: WRITE REQISTER. REGISTER DATA 
*/ 
/* INITIALIZE CHANNEL A ONLY 
*/ 


DECLARE TABLE_74_A(*) 
(OOH.ISH. 
OOH.80H. 
02H.IIH. 
04H.20H. 
07H.07EH. 
OIH.OBH. 
05H.OEBH. 


BYTE DATA 


/* CHANNEL RESET */ 
1* 
RESET 
TX 
CRC *' 


1* 
PIN 
IO-RTSB. 
A OMA, 
B 
INT 
*1 


/* SDLC/HDLC MODE. NO PARITY */ 
1* 
SOLe 
FLAG *' 


1* 
RX 
OMA 
ENABLE 
*1 
/* DTR. RTS. S TX BITS. TX ENABLE.*/ 
/* SDLC CRC. TX CRC ENABLE */ 
/* DEFAULT ADDRESS */ 
/* 8 RX BITS. AUTO ENABLES. HUNT MODE. */ 
/* RX CRC ENABLE */ 
/* END OF INITIALIZATION TABLE */ 


ObH.55H. 
03H.OD9H. 


OFFH)1 


DECLARE TABLE_74_B(*) BYTE DATA 


(02H.OOH. 
/* INTERRUPT VECTOR */ 


OIH.ICH. 
/* STATUS AFFECTS VECTOR */ 


OFFH)J 
1* 
END 
*1 


/* INITIALIZE THE 8274 *1 


C-O. 
DD WHILE TABLE_74_B(C) <> OFFH. 


OUTPUTCCOMMAND_BJ4) 
• TABLE_74_B (C). 


C=C+l; 
OUTPUT (COMMAND_B_74) - TABLE_74_B(C). 
e-C+li 
END. 


C=O. 
DD WHILE TABLE_74_A(C) <> OFFH. 


OUTPUT(COMMAND A 74) 
TABLE_74_A(C). 
e-C+l; 
- - 
OUTPUT(COMMAND_AJ4) 
~ TABLEJ4_A(C). 


C"'C+l; 
END. 
RETURN. 
END INITIALIZE_S274. 
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MPSC SOLC Initialization 
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For this application, the CPU is run at 8 MHz. The 
board is configured to operate the 8274 in SDLC opera- 
tion with the data transfer in DMA mode using the 
8237A. 8274 is configured first in non-vectored mode in 
which case the INTEL Priority Interrupt 
Controller 
8259A is used to resolve priority between various inter- 
rupting sources on the board and subsequently inter- 
rupt the CPU. However, the vectored mode of the 8274 
is also verified by disabling the 8259A and reading the 
vectors from the 8274. Software examples for each case 
will be shown later. 


The application example is interrupt driven and uses 
DMA for all data transfers under 8237A control. The 
8254 provides the transmit and receive clocks for the 
8274. The 8274 was run at 400K baud with a local 
loopback (jumper wire) on Channel A data. The board 
was also run at 800K baud by modifying the software 
as will be discussed later in the Special Applications 
section. One detail to note is that the Rx Channel 
DMA request line from the 8274 has higher priority 
than the Tx Channel DMA request line. The 8274 mas- 
ter clock was 4.0 MHz. The on-board RAM is used to 
define transmit and receive data buffers. In this applica- 
tion, the data is read from memory location 800H 
through 
810H and transferred 
to memory location 
900H to 910H through the 8274 Serial Link. The oper- 
ation is full duplex. 8274 modem control pins, CTS and 
CD have been tied low (active). 


Software 


The software consists of a monitor program and a pro- 
gram to exercise the 8274 in the SDLC mode. Appen- 
dix A contains the entire program listing. For the sake 
of clarity, each source module has been rewritten in a 
simple language and will be discussed here individually. 
Note that some labels in the actual listings in the Ap- 
pendix will not match with the labels here. Also the 
listing in the Appendix sets up some flags to communi- 
cate with the monitor. Some of these flags are not ex- 
plained in detail for the reason that they are not perti- 
nent to this discussion. The monitor takes the com- 
mand from a keyboard and executes this program, log- 
ging any error condition which might occur. 


8274 Initialization 


The MPSC is initialized in the SDLC mode for Chan- 
nel A. Channel B is disabled. See Figure 18 for the 
initialization routine. Note that WR4 is initialized be- 
fore setting up the transmitter and receive parameters. 
However, it may also be pointed out that other than 
WR4, all the other registers may be programmed in any 
order. Also SDLC-CRC has been programmed for cor- 
rect operation. An incorrect CRC selection will result 
in incorrect operation. Also note that receive interrupt 


on first receive character 
has been programmed 
al- 
though Channel A is in the DMA mode. 


Interrupt 
Routines 


The 8274 interrupt routines will be discussed here. On 
an 8274 interrupt, program branches off to the "Main 
Interrupt 
Routine". In main interrupt routine, status 
register RR2 is read. RR2 contains the modified vector. 
The cause of the interrupt is determined by reading the 
modified bits of the vector. Note that the 8274 has been 
programmed in the non-vectored mode and status af- 
fects vector bit has been set. Depending on the value of 
the modified bits, the appropriate interrupt routine is 
called. See Figure 19 for the flow diagram and Figure 
20 for the source code. Note that an End of Interrupt 
Command is issued after servicing the interrupt. This is • 
necessary to enable the lower priority interrupts. 


Figure 21 shows all the interrupt routines called by the 
Main Interrupt 
Routine. 
"Ignore-Interrupt" 
as the 
name implies, ignores any interrupts and sets the FAIL 
flag. This is done because this program is for Channel 
A only and we are ignoring any Channel B interrupts. 
The important thing to note is the Channel A Receiver 
Character available routine. This routine is called after 
receiving the first character in the SDLC frame. Since 
the transfer mode is DMA, we have a maximum of 
three character times to service this interrupt by en- 
abling the DMA controller. 
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IF V2V1VO ~ 0, CALL IGNORE - INTERRUPT 
IF V2V1VO - 
1, CALL IGNORE - INTERRUPT 
IF V2V1VO ~ 2, CALL CHB Rx CHAR 
IF V2V1VO ~ 3, CALL IGNORE - INTERRUPT 
IF V2V1VO - 
4, CALL IGNORE - INTERRUPT 
IF V2V1VO = 5, CALL 
CHA - 
EXTERNAL 
CHANGE 
INTERRUPT 
IF V2V1VO - 
6, CALL CHA Rx CHAR 
IF V2V1VO ~ 7, CALL CHA Rx SPECIAL 


Figure 19. Interrupt 
Response 
Flow Diagram 
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1** ••••••• 
**•• ****** •••• **., 
1* 
MAIN 
INTERRUPT 
ROUTINE 
*/ 
,••••*••••••••• **.** ••• *••• / 


OUTPUT 
(COMMAND_B_74) 
- 
2. 


TEMP 
- 
INPUHSTATUS_B_74) 
AND 
07H, 


INTERRUPTS 
'* SET POINTER 
TO 2*, 
'* 
READ 
INTERRUPT 
VECTOR 
*/ 
'* 
CHECK 
FOR 
CHA 
INT 
ONLY-/ 
ARE 
IGNORED*,'- 


/* 
V2V1VO 
• 
000*1 
'* V2V1VO ::I 001*' 
'* V2VIVO • 
010*, 
'* \l2\11VO 
• 
011*' 
'* V2\11\10 
- 
100*, 
1* V:2VIVO • 
101*, 
'* V2Vl\10 
- 
110*' 


1* 
V2V1VO 
• 
111*1 


/* 
FOR 
THIS 
APPLICATION 
CH 
B 
DO 
CASE 
TEMP, 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 


IGNORE_INT, 
IGNORE_INT, 
CHB_RX_CHAR' 
IGNORE_INT, 
IGNORE_INT; 
CHA 
EXTERNAL 
CHANGE; 


CHA:RX_CHARJ - 
CHA_RX_SPECIAL, 
END, 
OUTPUHCOMMAND_A_74) 
-38H, 


RETURN. 
END 
INTERRUPT 
_8274, 


/* 
END 
OF 
INTERRUPT 
FOR 
8274 
*/ 
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i 


, ••• ***•••••••• 
****** ••••••••••••••••••••••••••• 
**••***1 
'* 
CHANNEL 
A 
EXTERNAL/STATUS 
CHANGE 
INTERRUPT 
HANDLER 
*/ 


I ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
*/ 


CHA_EXTERNAL_CHANGE: 
PROCEDURE, 


TEMP· 
INPUTCSTATUS 
A 
74); 
'* 
STATUS 
REO 
1*' 


IF 
(TEMP 
AND 
END_OF:=TX_MESSAGE) 
- 
END_OF _TX_MESSAQE 
THEN 
TXDONE_S-OONE; 


ELSE 
DO, 


TXDONE_S-DONEI 
RESUL TS_S-FAIL; 


END, 


OUTPUTCC0I'1I'1AND_A_74) 
- 
lOH; 
I. 
RESET 
EXT/STATUS 
INTERRUPTS 
.1 
RETURN, 
END 
CHA_EXTERNAL_CHANQE' 
1••••••••••••••• 
***.* ••••••••••• 
**••• *••• *•••• *.**.**.*****1 
/* 
CHANNEL 
A 
SPECIAL 
RECEIVE 
CONDITIONS 
INTERRUPT 
HANDLER 
*/ 
I*.***.***** ••• ****************.***.********.*********.*.*.1 


I 


CHA_RX_SPEC 
IAL: 
PROCEDURE, 


OUTPUT 
I COMMAND 
A 
74) 
- 
" 
TEMP 
- 
INPUTCSTATUS_A_74). 


IF 
!TEMP 
AND 
END_OF 
JRAME) 
- 
END_OF 
_FRAME 
THEN 
DO, 


IFCTEI'1P 
AND 
040H) 
a 
040H 
THEN 
RESULTS 
S 
- 
FAIL. 
I. 
CRC 
ERROR *1 
RXDONE_S 
;- 
DONE. 


OUTPUTCCOMMAND_A_74} 
• 
30H; 
I.ERROR 
RESET*I 
END, 
ELSE 
DO, 


I F 
!TEMP 
AND 
20H) 
= 
20H 
THEN 
00, 
RESUL T9 
9 
- 
FAIL; 
1* RX 
OVERRUN 
ERROR*I 


RXDONE S • 
DONE. 
OUTPUT(Cottt1AND_A_74) 
- 
30H. 
I*ERROR 
RESET*, 


END; 


END; 


RETURN, 
END 
CHA_RX_9PEC 
IAL. 
1*.******._******.*********** 
•• *.****.* *** I 
1* CHANNEL 
A 
RECEIVE 
CHARACTER 
AVAILABLE 
., 
1**··*······*·····******·******** 
••••••• *.1 


CHA_RX_CHAR: 
PROCEDURE. 


OUTPUT 
CSINGLE_MA9K) 
• 
CHO_SELi 
RETURN, 
END 
CHA_R X_CHAR i 


I.ENABLE 
RX 
DMA 
CHANNEL.I 
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Figure 21. 8274 Typical Interrupt Handling Routines 
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It may be recalled that the receiver butTeris three bytes 
deep in addition to the receiver shift register. At very 
high data rates, it may not be possible to have enough 
time to read RR2, enable the DMA controller without 
overrunning the receiver. In a case like this, the DMA 
controller may be left enabled before receiving the Re- 
ceive Character Interrupt. 
Remember, the Rx DMA 
request and interrupt for the receive character appears 
at the same time. If the DMA controller is enabled, it 
would service the DMA request by reading the received 
character. This will make the 8274 interrupt line go 
inactive. However, the 8259A has latched the interrupt 
and a regular interrupt acknowledge sequence still oc- 
curs after the DMA controller has completed the trans- 
fer and given up the bus. The 8259A will return Level 7 
interrupt since the 8274 interrupt has gone away. The 
user software must take this into account, otherwise the 
CPU will hang up. 


The procedure shown for the Special Receive Condition 
Interrupt checks if the interrupt is due to the End of 
Frame. If this is not TRUE, the FAIL flag is set and 
the program aborted. For a real life system, this must 


be followed up by error recovery procedures which ob- 
viously are beyond the scope of this Application Note. 


The transmission is terminated when the End of Mes- 
sage (RRO, D6) interrupt is generated. This interrupt is 
serviced in the Channel A External/Status 
Change in- 


terrupt procedure. For any other change in external 
status conditions, the program is aborted and a FAIL 
flag set. 


Main Program 


Finally, we will briefly discuss the main program. Fig- 
ure 22 shows the source program. It may be noted that 
the Transmit Under-run latch is reset after loading the 
first character into the 8274. This is done to ensure 
CRC transmission at the end of the frame. Also, the • 
first character is loaded from the CPU to start· DMA 
transfer of subsequent data. This concludes our discus- 
sion on hardware and software example. Appendix A 
also includes the software written to exercise the 8274 
in the vectored mode by disabling the 8259A. 


CALL 
ENABLE_INTERRUPTS_S, 


CALL 
INIT_8274_SDLC_S, 


ENABLE, 
OUTPUTIC_ 
A 741 : 2BH, 
OUTPUTICOI1IIAND 
-B -741 
= 28H, 


CALL 
INIT 8237 S, 


OUTPUTIOATAjJ41-' 
5~, 


/< RESET TX INT/DI'oI 
</ 


/< BEFORE INlTlAL!ZlNG 
8<37</ 


/<LOAD FIRST CHARACTERFROM</ 
/<CPU <I 
/< TO ENSURE CRC TRANSlllSSIQN, 
RESET TX ~DERRI.Il LATCH 
</ 


OUTPUTICOI1IIAND_AJ41 = OCON, 
RXDONE5, TXDONESzNOT DIH, 
RES\A.TS_S=PASS, - 
- 
DO OIllLE TXDONE)lof«lT _DONE, 
END, 


/< CLEAR ALL FLAGS 
«t 


/< FLAG SET FOR /IOOITOR 
</ 


/< 00 OOIL 
TER"INAL COUNT 
<I 


00 OIltLE([NPUTISTATUS 
A 741 AND D4HI o 04H, 


/< WAIT FOR CRC TO ;ET TRANSItITTED </ 
/< TEST FOR TX BLfFFER EItPTY TO VERIFY THIS</ 
END, 
00 OIlILE RXOONE_S=NOT_OONE, /< 00 ~T!L 
TER"INAL COUNT </ 


END, 
CALL 
STOP_8237 _5, 


END CHA_SDLC_TEST, 
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Figure 22. Typical 8274 Transmit/Receive 
Set-Up In SOLe Mode 
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vcc 


CPU 
1~~oC1-~------~~----~--------4r--------------- 


I 


INTAb---------~--~~----------~--~--------_.----- 


8085 CPU 
8085 INTERRUPT 
MODE 1 
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IAPX·88/86 
CPU 
8068/86 
INTERRUPT MODE 


<OTHERS> 


6085 INTERRUPT 
MODE 2 
1065 I~ERRUPT 
MODE 3 


8068/68 
I~ERRUPT 
MODE 
8088/68 
INTERRUPT MODE 


SPECIAL APPLICATIONS 


Figure 23. 8274 Daisy Chain Vectored Mode 


It may be pointed out that lOP to IPI delay time speci- 
fication is lOOns. 


In this section, some special application issues will be 
discussed. This will be useful to a user who may be 
using a mode which is possible with the 8274 but not 
explicitly explained in the data sheet. 


MPSC Daisy Chain Operation 


Multiple MPSCs can be connected in a daisy-chain 
configuration (see Figure 23). This feature may be use- 
ful in an application where multiple communication 
channels may be required and because of high data 
rates, conventional interrupt controller is not used to 
avoid long interrupt response times. To ~onfigure th.e 
MPSCs for the d~ 
chain operation, .th~mterrupt ~n- 
0.!!!r input pins (IPD and interrupt pnonty output pms 
(IPO) of the MPSC should be co~ted 
as shown. The 
highest priority device has its IPI pin connected to 
ground. Each MPSC is programmed 
in a vector~ 
mode with status affects vector bit set. In the 8085 basic 
systems, only one MPSC should be programmed in the 
8085 Mode 1.This is the MPSC which will put the call 
vector (CD Hex) on the data bus in response to the first 
INTA pulse (see Figure 15). It may be pointed out that 
the MPSC in 8085 Mode 1 will provide the call vector 
irrespective of the state of IPI pin. Once a higher P?ori- 
ty MPSC generates an interrupt, its IPO pin goes.mac- 
tive thus preventing lower priority MPSCs from inter- 
rupting the CPU. Preferably the highest priority MPSC 
should be programmed in 8085 Mode 1. It may be re- 
called that the Priority Resolve Time on a given MPSC 
extends from the falling edge of the first INT A pulse to 
the falling edge of the second INT A pulse. During this 
period, no new internal interrupt requests are accepted. 
The maximum number of the MPSCs that can be con- 
nected in a daisy chain is limited by the Priority Reso- 
lution Time. Figure 24 shows a maximum number of 
MPSCs that can be connected in various CPU systems. 


System 
Priority 
Number of 8274s 
Resolution Time 
Daisy Chained 
Configuration 
Mln (ns) 
(Max) 


8086-1 
400 
4 
8086-2 
500 
5 
8086 
800 
8 
8088 
800 
8 
8085-2 
1200 
12 
8085A 
1920 
19 


NOTE: 
Zero wait states 
have been assumed. 
Figure 24. 8274 Daisy Chain Operation 


Bisync Transparent Communication 


Bisync applications generally require that data trans- 
parency be established during communication. This re- 
quires that the special control characters may not be 
included in the CRC accumulation. Refer to the Syn- 
chronous Protocol Overview section for a more detailed 
discussion on data transparency. The 8274 can be used 
for transparent communication in Bisync communica- 
tions. This is made possible by the capability of the 
MPSC to selectively turnon/turnoff 
the CRC accumu- 
lation while transmitting or receiving. In bisync trans- 
parent transmit mode, the special characters 
(OLE, 


DLE SYN, etc) are excluded from CRC calculation. 
This can be easily accomplished by turning off the 
transmit CRC calculation (WR5: D5 = 0) before load- 
ing the special character into the transmit buffer. If the 
next character is to be included in the CRC accumula- 
tion, then the CRC can be enabled (WR5: D5 = 1). See 
Figure 25 for a typical flow diagram. 
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Figure 25. Transmit 
In Blsync Transparent 
Mode 


During reception, it is possible to exclude received 
character from CRC calculation by turning off the Re- 
ceive CRC after reading the special character. This is 
made possible by the fact that the received data is pre- 
sented to receive CRC checker 8 bit times after the 
character has been received. During this 8 bit times, the 
CPU must read the character and decide if it wants to 
be included in the CRC calculation. Figure 26 shows 
the typical flow diagram to,achieve this. 


It should be noted that the CRC generator must be 
enabled during CRC reception. Also, after reading the 
CRC bytes, two more characters (SYNC) must be read 
before checking for CRC check result in RRl. 


Auto Enable Mode 


In some data communication applications, it may be 
required to enable the transmitter or the receiver when 
the CTS or the CD lines respectively, are activated by 
the modems. This may be done very easily by program- 
ming the 8274 into the Auto Enable Mode. The auto 
enable mode is set by writing a '1' to WR3,D5. The 
function of this mode is to enable the transmitter auto- 
matically when CTS goes active. The receiver is~ 
abled when CD goes active. An in-active state of CTS 
or CD pin will disable the transmitter or the receiver 
respectively. 
However, 
the 
Transmit 
Enable 
bit 
(WR5:D3) and Receive Enable bit (WR3:Dl) must be 
set in order to use the auto enable mode. In non-auto 
mode, the transmitter or receiver is enabled if the corre- 
sponding bits are set in WR5 and WR3, irrespective of 
the state CTS or CD pins. It may be recalled that any 
transition on CTS or CD pin will generate External/ 
Status Interrupt 
with the corresponding 
bits set in 
RRl. This interrupt can be cleared by issuing a Reset 
External/Status 
interrupt command as discussed earli- 
er. 


Note that in auto enable mode, the character to be 
transmitted must be loaded into the transmit buffer af- 
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Figure 26. Receive 
In Blsync Transparent 
Mode 


ter the CTS becomes active, not before. A!!L£.haracter 
loaded into the transmit buffer before the CTS became 
active will not be transmitted. 


High Speed DMA Operation 


In the section titled Application Example, the MPSC 
has been programmed to operate in DMA mode and 
receiver is programmed to generate an interrupt on ~he 
first receive character. You may recall that the receive 
FIFO is three bytes deep. On receiving the interrupt on 
the first receive character, the CPU must enable the 
DMA controller within three received byte times to 
avoid receiver over-run condition. In the application 
example, at 400K baud, the CPU had approximately 
60 /Lsto enable the DMA controller to avoid receiver 
buffer overflow. However, at higher baud rates, the 
CPU may not have enough time to enable the DMA 
controller in time. For example, at IM baud, the CPU 
should enable the DMA controller within approximate- 
ly 24 /Lsto avoid receiver buffer overrun. In most appli- 
cations, this is not sufficient time. To solve this prob- 
lem, the DMA controller should be left enabled before 
getting the interrupt 
on the first receive character 
(which is accompanied by the Rx DMA request for the 
appropriate channel). This will allow he DMA control- 
ler to start DMA transfer as soon as the Rx DMA 
request becomes active without giving the CPU enou.gh 
time to respond to the interrupt on the first receive 
character. The CPU will respond to the interrupt after 
the DMA transfer has been completed and will find the 
8259A (see Application Example) responding with in- 
terrupt level 7, the lowest priority level. Note that the 
8274 interrupt request was satisfied by the DMA con- 
troller, hence the interrupt on the first receive character 
was cleared and the 8259A had no pending interrupt. 
Because of no pending interrupt, the 8259A returned 
interrupt 
level 7 in response to the INT A sequence 
from the CPU. The user software should take care of 
this interrupt. 
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PROGRAMMING 
HINTS 
Transmit Under-Run/EOM 
Latch 


This section will describe some useful programming 
hints which may be useful in program development. 


Asynchronous 
Operation 


At the end of transmission, the CPU must issue "Reset 
Transmit Interrupt/DMA 
Pending" command in WRO 
to reset the last transmit empty request which was not 
satisfied. Failing to do so will result in the MPSC lock- 
ing up in a transmit empty state forever. 


Non-Vectored 
Mode 


In non-vectored mode, the Interrupt Acknowledge pin 
(INT A) on the MPSC must be tied high through a pull- 
up resistor. Failing to do so will result in unpredictable 
response from the 8274. 


HOLC/SOLC 
Mode 


When receiving data in SDLC mode, the CRC bytes 
must be read by the CPU (or DMA controller) just like 
any other data field. Failing to do so will result in re- 
ceiver butTer overflow. Also, the End of Frame Inter- 
rupt indicates that the entire frame has been received. 
At this point, the CRC result (RRl:D6) 
and residue 
code (RRI:D3, D2, DI) may be checked. 


Status Register RR2 


ChB RR2 contains the vector which gets modified to 
indicate the source of interrupt (see the section titled 
MPSC Modes of Operation). However, the state of the 
vector does not change if no new interrupts are generat- 
ed. The contents of ChB RR2 are only changed when a 
new interrupt is generated. In order to get the correct 
information, RR2 must be read only after an interrupt 
is generated, otherwise it will indicate the previous 
state. 


Initialization 
Sequence 


The MPSC initialization routine must issue a channel 
Reset Command at the beginning. WR4 should be de- 
fined before other registers. At the end of the initializa- 
tion sequence, Reset External/Status 
and Error Reset 
commands should be issued to clear any spurious inter- 
rupts which may have been caused at power up. 


In SDLC/HDLC, 
bisync and monosync mode, the 
transmit underrun/EOM 
must be reset to enable the 
CRC check bytes to be appended to the transmit frame 
or transmit 
message. The transmit 
under-runiEOM 
latch can be reset only after the first character is loaded 
into the transmit butTer. When the transmitter under- 
runs at the end of the frame, CRC check bytes are 
appended to the frame/message. The transmit under- 
run/EOM 
latch can be reset at any time during the 
transmission 
after the first character. 
However, 
it 


should be reset before the transmitter under-runs other- 
wise, both bytes of the CRC may not be appended to 
the frame/message. In the receive mode in bisync oper- 
ation, the CPU must read the CRC bytes and two more 
SYNC characters before checking for valid CRC result 
in RRl. 


Sync Character 
Load Inhibit 


In bisync/monosync mode only, it is possible to prevent 
loading sync characters into the receive butTers by set- 
ting the sync character load inhibit bit (WR3:DI 
= I). 


Caution must be exercised in using this option. It may 
be possible to get a CRC character in the received mes- 
sage which may match the sync character and not get 
transferred to the receive butTer.However, sync charac- 
ter load inhibit should be enabled during all pre-frame 
sync characters so the software routine does not have to 
read them from the MPSC. 


In SDLC/HDLC 
mode, sync character load inhibit bit 


must be reset to zero for proper operation. 


EOICommand 


EOI command can only be issued through channel A 
irrespective of which channel had generated the inter- 
rupt. 


Priority in OMA Mode 


There is no priority in DMA mode between the follow- 
ing 
four 
singals: 
TxDRQ(CHA), 
RxDRQ(CHA), 


TxDRQ(CHB), RxDRQ(CHB). 
The priority between 
these four signals must be resolved by the DMA con- 
troller. At any given time, all four DMA channels from 
the 8274 are capable of going active. 
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APPENDIX A 
APPLICATION EXAMPLE: SOFTWARE LISTINGS 


Pl...'r1-86 
COMPILER 
la8C 
ee/4=t 
8274 
CH•••NNEL 
A SOLe 
TEST 


SERIES-Ill 
PL/M-86 
\12.0 
CQf1PILATION 
OF MODULE INIT_8274_S 


OB.JECT I10DULE PLACED 
IN 
: Ft: 
SINI74. 
OB'" 


COI1PILER 
INYOKED BY: 
PLPI86.86: 
FI: 
SINI74. 
PL'" 
TlTLE(lSBC 
BB/4' 
B274 
CHANNEL 


/It 
SOLe 
TEST) 
CCN1PACT 
NOINTVECTOR 
ROM 


, 
/ 
'* 
*' 
1* 
INITIALIZE 
THE B274 
FOR SOLC ...aDE 
*1 


1* 
*1 
'* 
1. 
RESET 
CHANNEL 
*/ 


1* 
2. 
EXTERNAL 
INTERRUPTB 
ENABLED 
*1 


/* 
3. 
Nu 
WAIT 
*1 
/* 
4. 
PIN 
10 - 
RTS 
*' 
1* 
,. 
NON-VECTORED 
INTERRUPT-BOB6 
",ODE 
*1 


/* 
6. 
CHANNEL 
A 
DMA. 
CH 
8 
INT 
*/ 
'* 
7. 
TX 
AND 
RX 
- 
8 
BITS/CHAR 
*' 
'* 
9. 
ADDRESS 
SEARCH 
,",ODE 
*/. 
'* 
10. 
CD 
AND 
eTS 
AUTO 
ENABLE 
tt' 
'* 
11. 
Xl 
CLOCK 
tt' 
'* 
12. 
NO 
PARITY 
*' 
/* 
13. SOLe/HOLe 
I'tOD£ 
*' 
'* 
14. 
RTS 
AND 
OTR 
*' 
/* 
1~. 
CetTT 
- 
CRe 
*' 
'* 
16. TRANSf1ITTER 
AND 
RECEIVER 
ENABLED 
*/ 
'* 
17.7EH 
- 
FLAQ 
*' 
/* 
*' 
,•................................................ , 


INIT _B274_S: 
DO, 


.INCLUDE 
(: FI: 
PORTS. PL",) 
,•••••••••..•••..........••••...•••••.•..··.··1 
I. 
.1 


I. 
rsac 
88/4' 
PORT 
ASSIQ~ENTS 
.1 
I. 
.1 
1•••••••••••••••••••••••••••••••••••••••••••••• 
1 


DECLARE LIT 
LITERALLY 
'LITERALLY', 


I. 
8237.-.-, 
PORTS.I 


3 
DECLARE CHO_ADDR 
LIT 
·OBOH'. 


CHO_COUNT 
LIT 
'OB1H~. 


CHI_ADDR 
LIT 
·OB2H'. 


CHI_COUNT 
LIT 
·OB3H'. 


CH2_ADDR 
LIT 
·084H'. 


CH2_COUNT 
LIT 
'OB'H' 
• 


CH3_ADDR 
LIT 
·0B6H·. 
CH3_COUNT 
LIT 
·OB7H'. 


STATUS_37 
LIT 
·OBBH'. 


CO"""AND_37 
LIT 
·OBBH'. 
REQUEST _REQ _37 
LIT 
·OB9H'. 
SINQLE_",ASl< 
LIT 
·OBAH'. 


"'ODE_REQ_37 
LIT 
·OSBH'. 


PL/"'-86 
COMP ILER 
s sac 
88/4' 
8274 
CHANNEL 
A 
SOLC 
TEST 


CLR_BYTE_PTR_37 
LIT 
TE,.". _REQ_37 
LIT 
I"tASTER_CLEAR_37 
LIT 
ALL_"ABK_37 
LIT 


'oaCH', 
·OBDH'. 
·OBDH'. 
'OBF'H'j 


,. 
82'''-2 
PORTS 
.1 


4 
DECLARE CTR_OO 
CTR_OI 
CTR_02 


LIT 
LIT 
LIT 


·09OH·. 
'091H', 
'092H', 
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CONTROLO_54 
STATUSO_54 
CTR_10 
CTR_ll 
CTR12 
CONTROL1_54 
STATUS 1_54 


1* 82:5~ PORTS *' 


DECLARE 
PORT"'_~~ 
PORTB_55 
PORTC_55 
CONTROL_~' 


1* 
8274 
PORTS 
*1 


6 
DECLARE OATA_AJ4 
OATA_BJ4 
STATUS_A_74 
COI1I1AND_AJ4 
STATUS_B_74 
COMI'1AND_B_74 


1* 
82SQ" 
PORTS 
*1 


7 
DECLARE STATUS_POLL_59 
LIT 
ICW1_59 
LIT 
OCW2_59 
LIT 
OCW3_59 
LIT 
OCW1_59 
LIT 
ICW2_59 
LIT 
ICW3_59 
LIT 
ICW4_'9 
LIT 


LIr 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 


'09311', 
'093H' 
, 


'09SH', 
'099H', 
'09AH' 
, 
'099H', 
'098H'1 


LIT 
LIT 
LIT 
LIT 


'OAOH', 
'OA1H', 
'OA2H', 
'OA3H', 


LIT 
LIT 
LIT 
LIT 
LIT 
LIT 


'OOOH', 
'OD1H', 
'OD2H', 
'002H', 
'OD3H', 
'00311'; 


'OEOH', 
'OEOH', 
'OEOH'. 
'OEOH', 
'OEtH', 
'OE1H', 
'OE1H', 
'OEtH'; 


B 


1* 
8274 
REOISTER 
BIT 
ASSIONMENTS 
*1 


1* 
READ 
REQISTER 
0 
*1 


DECLARE 
RX_AVAIL 
LIT 
INT_PENDINQ 
LIT 
TX_EMPTY 
LIT 
CARRIER 
DETECT 
LIT 
SYNC_HuNT 
LI T 
CLEAR_TO_SENO 
LIT 


PL/M-86 
CO,",PILER 


'OlH', 
'02H', 
'04H', 
'OBH', 
'lOH', 
'20H', 


iSBC 
88/4' 
8274 
CHANNEL 
flit 
SOLe 
TEST 


'40H'. 
'SOH'; 


1* 
READ 
REOISTER 
1 
*1 


END_OF 
_TX_I"tESSAOE 
LIT 
BREAK_ABORT 
LIT 


9 
DECLARE 
ALL_SENT 
PAR I TV 
ERROR 
RX_OVERRUN 
CRC_ERROR 
END_OF 
_FRME 


1* 
READ 
REOISTER 
2 *' 


10 
DECLARE TX_B_EI1PTY 
EXT_B3HANOE 
RX 
B 
AVAIL 
RX:::B:::SPECIAL 
TX_A_£f1PTY 
EXT_A_CHANOE 
RX_A_AVAIL 
RX_A_SPECIAL 


LIT 
LIT 
LIT 
LIT 
LIT 


'OlH', 
'lOH', 
'20H' 
, 
'40H'. 
'SOH'; 


LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 


'OOH', 
'OlH', 
'02H' 
, 
'0311', 
'04H', 
'05H', 
'06H', 
'07H'J 
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11 


12 
1 
13 
2 
14 
2 
15 
2 
16 
3 
17 
3 
IS 
2 


19 


20 
2 


PL/M-8b 
COMP ILER 


1* 8237 
BIT 
ASSIONP1ENTS 
*' 


DECLARE 
CHO_SEL 
LIT 
·OOH·. 


CHI _BEL 
LIT 
·QIH'. 


CH2_SEL 
LIT 
·02H'. 


CH3_SEL 
LIT 
·03H'. 
WRITE 
_XFER 
LIT 
'04H'. 


READ_XFER 
LIT 
·OSH'. 
DE"AND 
_"ODE 
LIT 
·OOH'. 
BINOLE_"ODE 
LIT 
'40H', 


BLOCIU'IODE 
LIT 
·SOH·. 


SET_"ASK 
LIT 
'04H'; 


DELAV_S; 
PROCEDURE 
PUBLIC, 


DECLARE 
0 WORD; 


0-0, 
DO 
WHILE 
O<BOOH, 


0-0+1, 
END; 
END 
DELAV _S, 


PROCEDURE 
PUBLI 
C, 


DECLARE 
C 
BYTE, 


.EJECT 


iBBC 
88/45 
S274 
CHANNEL 
A 
SOLC 
TEST 


1* 
TABLE 
TO 
INITIALIZE 
THE 
8274 
CH~NEL 
fit 
AND 
8 
*/ 


'* 
FORMT 
IS: 
WRITE 
REgISTER. 
RECISTER 
DATA 
*' 
'* 
INITIALIZE 
C~NNEL 
ONLY 
*' 


21 
2 
DECLARE 
TABLE_74_A(*> 
BYTE 
DATA 
(OOH. 
ISH. 
/. 
CHANNEL 
RESET *' 


DOH. SOH. 
/. 
RESET 
TX 
CRe *' 


02H.l1H. 
/. 
PIN 
10-RTSB. 
It. OMA. 
B 
INT 
./ 
04H.2OH. 
H 
SOLe/HOLe 
MODE. 
NO 
PARITY 
*/ 


07H.07EH. 
/. 
SOLe 
FLAO 
* I 


0IH.OBH. 
/. 
A X 
OM" 
ENABLE 
• / 
05H.OEBH. 
'* 
OTR. 
RTS. 
a 
TX 8ITS. 
TX 
ENABLE. 
TX 
csc 
ENABLE *' 


06H.55H. 
'* 
DEFAULT 
ADDRESS *' 
03H.OD9H. 
'* 
B 
RX 
BITS. 
AUTO 
ENABLES. 
HUNT 
MODE. 
*/ 


1* 
RX 
CRe 
ENABLE *' 
OFFH) 
, 
1* 
END 
OF 
INITIALIZATION 
TABLE 
*1 


210403-17 


• 


26 
2 
27 
2 
28 
3 


2~ 
3 
30 
3 
31 
3 
32 
3 


DECLARE 
TABLE_'4_B(*) 
BYTE 
DATA 


(02H.OOH. 
'* 
INTERRUPT 
VECTOR *' 


OlH. 
leH. 
,* 
STATUS 
AFFECTS 
VECTOR 
*1 


OFFH) 
I 
'* 
END 
-I 


.,* 
INITIALIZE 
THE 
8254 
-, 


OUTPUT (CONTROLO _54) 
-36H, 


OUTPUTCCTR_OO) 
- 
LOW(20), 


OUTPUT 
(CTR_OO) 
- 
HIQH(20). 


I_ 
BAUD 
R-'TE 
• 
400K_BAUD*1 
,_ 
BAUD 
RATE 
- 
400K_BAUO-1 


1* 
INITIALIZE 
THE 
8274 
*1 


C-O, 
00 
WHILE 
TABLE_74_B 
(C) 
<> 
OFFH. 


OUTPUT{COMrtANO 
B 
74) 
• 
TABLE_74_B{C); 


C-C+1. 
- 
- 


OUTPUT(COJ1MAND 
B 
74) 
- 
TABLE_74_B(C); 


C-C+Jl 
- 
- 


END. 


2-413 


inter 
AP-145 


33 
:2 
34 
:2 
3' 
3 
36 
3 
37 
3 
38 
3 
39 
3 
40 
2 


41 
2 
42 
2 
43 
1 


PL/M-86 
COMPILER 


C-O, 
00 
WHILE 
TABLEJ4_"dCI 
<:> 
OFFH, 
OVTPUT(COI'll'lANO_AJ41 
a 
TABLEJ4-1\(CI, 


C-C+l; 
OUTPUT (COf'V1AND_A_74) 
• 
TABLE_74_A(CJ; 


C-C+l; 


END; 


CALL 
DELAY _S, 


RETURN, 
END 
INIT_8:274_S0LC_S, 


END 
INIT_8274_S, 


MODULE 
INFORMATION: 


iSBC 
88/4:t 
8274 
CHANNEL A 
SOLt 
TEST 


END OF PL/M-96 
COMPILATION 


SERIES-Ill 
PL/M-96 
\0'2.0 
COI'1PILATION 
OF 
MODULE 
INIT_B237_CHA 
OB.JECT 
MODULE 
PLACED 
IN 
: FI: 
SINI37. 
OBJ 
COf1PILER 
INVO~ED 
BY; 
PLM8o.86: 
Ft: 
SINI37. 
PLP1 TIlLE( 
tSat 
BB/4~ 
9274 
CHANNEL ·A SOLe 
TEST) 
COI"IPACT 
NOINTVECTOR 
ROM 


PL/M-B6 
COMPILER 


12 


13 
2 
14 
:2 
I' •. 
16 
2 
17 
2 
18 
2 
19 
2 
20 
2 
21 
2 
22 
2 
23 
2 
24 
2 
2' 
2 
26 
2 


CODE 
AREA 
SIZE 
CONSTANT 
AREA 
SIZE 
VARIABLE 
AREA 
SIZE 
MAXIMUM 
STACK 
SIZE 
213 
LINES 
READ 
o 
PROORNI 
WARNINOS 
o PROQRM 
ERRORS 


- 
00A8H 
- 
OOOOH 
• 
0003H 
- 
0OO6H 


1680 
00 
3D 
60 


tsac 
B8/4~ 
8274 
CH"NNEL 
A 
SOLe 
TEST 


, 
, 
/* 
./ 
1* 
8237 
INITIALIZATION 
ROUTINE 
FOR 
OM••• TRANSFER 
*/ 
'* 
*/ 
, 
/ 


OUTPUT 
(I'1ASTER_CLEAR_37) 
-Oi 


OUTPUT(C~D 
37) 
- 
20Hi 
/. 
EXTENDED 
WRITE 
./ 
OUTPUT(ALL_~sK_37) 
- 
OFH. 
/* 
"ASK 
ALL 
REQUESTS 
*/ 
OUTPUT<I1ODE_REO_37I 
- 
(SINOLE_I1ODE 
OR 
WRITE_XFER 
OR 
CHO_SELl; 
OUTPUT 
(I1ODE_REQ_37) 
- 
(SINQLE_,",ODE 
OR READ_XFER 
OR 
CHl_SEL); 
OUTPUT 
(CLR_BYTE_PTR_37) 
- 
O. 


OUTPUT(CHO_AOOR) 
,. 
00;: 
/* 
RECEIVE 
BUFF 
AT 
900H 
*/ 
OUTPUTCCHO_AODR) 
- 
09H;: 
OUTPUT 
(CHO 
COUNT) 
- 
OH; 
QUTPUT(CHO-COUNT) 
- 
01; 
OUTPUT(CHl::::AODR) 
- 
00; 
/* 
TRANSMIT 
BUFF 
AT 
800H 
./ 
OUTPUT(CHl_ADDR) 
- 
09HJ 
OVTPUT< 
CHI_COUNT> 
- 
01CH; 


OVTPUT<CHl_COUNT> 
- 
OOH; 
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~7 
~ 
~B 
~ 


30 
I 
31 
~ 
3~ 
~ 


33 
~ 
34 
~ 
3' 
I 


,. 
ENABLE 
TRANSFER 
H 
OUTPUT<SINOLE_P1AS'O 
• 
CHI_SEL' 


RETURN, 


1* 
ENABLE 
TX 
Df1A 
»r 


,. 
TURN 
OFF 
THE 
9237 
CHANNELS 
0 
AND 
I 
., 


STOP _B~37 
_9: 
PROCEDURE 
PUBL IC, 


OUTPUT(SlNOLE_MSK) 
• 
CHt_SEL 
OR 
SET_MSKi 


OUTPUT(SINOLE_MSK) 
- 
CHO_SEL 
OR 
SET_"'ASI'Ii 


RETURN 
I 


END 
STOP _8237 
_SI 


END 
INIT_S237_CHAJ 


P10DULE 
I NFORP1ATl ON: 


CODE AREA 
SI lE 
- 
004CH 
760 
CONSTANT 
AREA 
SIZE 
• 
OOOOH 
OD 
VARIABLE 
AREA SIZE 
- 
OOOOH 
OD 


iSBC 
88/45 
8274 
CHANNEL. 
A 
SDLe 
TEST 


"AXIHUM 
STACK 
SIZE 
- 
0OO2H 
20 


163 
LINES 
READ 
o 
PROORAM 
WARNINOS 
o 
PROORAM 
ERRORS 


END OF PL/"-86 
CQP1PILATION 


Pl.fM,·Sl;, 
Cor1PILER 
1SI3C 
88/45 
8274 
CHANNEL 
A 
SOLe 
TEST 


SFr;lE5-J 
t I 
PL/I"1-86 
V2 
0 
COMPILATION 
OF 
MODULE 
INTR ••B274_S 
OBJECT 
t'iOOULE 
PLACED 
IN 
Ft 
SINTR. 
QlJJ 
CDr1PILER 
INVOKED 
DY 
PLM86 
86 
r i 
SINTR. 
PLM 
TITLE< 
ISOC 
88/4' 
8274 
CHANNEL 


A 
SOLe 
TEST) 
COMPACT 
NOINTVECTOR 
ROI"i 


i* •• it •• 
" •.••••.•••••••••••••••.•• 
**** •• **•••••• ; 
J. 
*/ 
/* 
8274 
INTERRUPT 
ROUTINE 
__I 


1* 
*/ 
i*.•. *** **. ** ••"._._.*.__.. *_•• _. __*.*.* 
*/ 


INTR 
8274 
5 
DO, 


.NOLIST 
- 


DECLARE 
TEMP 
I3YTE, 


DECLARE 
(RESULTS 
S, 
TXDONE 
S,RXOONE 
SI 
DECLARE 
INT_VEC 
POINTER 
AT 
(140). 
- 
DECLARE 
INT 
VEC 
STORE 
POINTER. 


DECLARE 
MASK 
59 -BYTE; 


DECLARE 
DONE- 


NOT 
DONE 
PASS 
FAIL 


BYTE 
EXTERNAL. 


PL'M-Bb 
COMP lLER 


'" 
13 
14 
15 
16 
17 


19 
2 
20 
2 
21 


LIT 
LIT 
LIT 
LIT 


'OFFH', 
'OOH' , 
'OFFH'. 
'OOH', 


/.*.* **.*. *** ** *•• **.*.** ***. I 
/. 
IGNORE 
INTERRUPT 
HANDLER 
*/ 


/*.* **.*.* ****** •• -.* .*.*.** 
*/ 


18 
IGNORE_INT 
PROCEDURE. 


RESULTS_S 
co 
FAIL: 


RETURN. 
END 
IGNORE_INT. 
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22 


;!3 
2 
24 
;1 


25 
2 
26 
2 
27 
3 
28 
3 
2~ 
3 
30 
2 


31 
2 
32 
2 


PL/N-ab 
COMPILER 


33 


34 
2 
3S 
2 
36 
2 


37 
2 
38 
3 
39 
3. 


40 
3 
41 
3 
42 
3 
43 
2 
44 
3 
46 
4 
47 
4 


·48 
4 
4~ 
4 
50 
3 
51 
2 
52 
2 


53 
t 
54 
2 
55 
2 
56 
2 


PL/M-86 
COMP ILER 


57 


58 
2 


5~ 
2 


so 
2 


,••••••••••••••••••••••••••••••••••••••••••••••••••••• 
*' 
1* 
CHANNEL 
A 
EXTERNAL/STATUS 
CHANQE 
INTERRUPT 
HANDLER *' 
,••••••••• 
**•••••••••••••••••••••••••••••••••••••••••• 
*' 


CHA_EXTERNAL_CHANQE: 
PROCEDURE. 


TE'HP 
= 
INPUT(STATUS_A_74), 
/* 
STATUS 
REO 
1*' 
IF 
(TEMP 
AND 
ENO_OF_TX_HESSAGE) 
- 
END_OF_TX_MESSAGE 
THEN 
TXDONE_S=DONE. 


ELSE 
DO. 


TX DONE _S=DONE. 
RESUL TS_S-FAIL; 


END. 


OUTPUT(COf1MANO_A_74) 
• 
10H; 
/* 
RESET 
EXT/STATUS 
INTERRUPTS 
*/ 


RETURN. 
END 
CHA_EXTERNAL_CHANGE. 


$E-JECT 


lSBC 
88/45 
8274 
CHANNEL 
A 
SOLe 
TEST 


, 
, 


/0 
CHANNEL 
A 
SPECIAL 
RECEIVE 
CONDITIONS 
INTERRUPT 
HANDLER 
*/ 


I ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
*****' 


CHA_RX_5PEC 
IAL: 
PROCEDURE, 


OUrpUT(COMf1AND_A_74) 
• 
1; 
TEMP = 
INPUT 
(STATUS_A_74). 


IF 
(TEMP 
AND 
ENO_OF_FRAME) 
- 
END_OF_FRAME 
THEN 
DO. 


I F <TEMP 
AND 
040H) 
- 
040H 
THEN 
RE5UL 
T5 
5 ,.. FAIL; 
'* 
eRC 
ERROR· 
*' 
RXDONE 
S 
; 
DONE. 


OUTPUT(COMMAND 
A 
74) 
- 
30H. 
'*ERROR 
RESET*' 
END. 
- 
- 


ELSE 
DO. 


IF 
<TEP1P 
AND 
20H) 
- 
20H 
THEN 
DO. 


RESULTS 
5 
- 
FAIL 
'* 
RX 
OVERRUN 
ERROR.' 
RXDONEjS 
- 
DONE. 


OUTPUT 
(COMMAND 
A 
74) 
,.. 
3OH; 
'.ERROR 
RESET., 


END. 
- 
- 


END, 


RETURN. 
END 
CHA_RX_SPEC 
IAL. 


,••••• *•••••••••••••••••••••••••••••••••• 
*, 
,. 
CHANNEL 
A 
RECEIVE 
CHARACTER 
AVAILABLE 
., 
, 
, 


CJiA_RX_CHAR: 
PROCEDURE. 
OUTPUT 
(SI,NGLE_I'1AS>\) 
- 
CHO_SEL. 


RETURN; 
END 
CHA_RX_CHARi 


'.ENABLE 
RX 
Df'1A CHANNEL.' 


$E-JECT 


iSBC 
88/45 
8274 
CHANNEL 
A 
SDLC 
TEST 


I 


,. 
ENABLE 
8274 
INTERRUPTS 
- 
SET 
UP 
THE 
82~9A 
., 


ENABLE_INTERRUPTS_S: 
PROCEDURE 
PUBLIC; 


DECLARE 
CHA_INT 
_ON 
LIT 
'OF7H'. 


DISABLE. 


CALL 
SET.INTERRUPT<39,INT_39), 
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61 
62 
03 


oS 
06 
2 


67 


68 
2 


69 
2 


70 
2 
71 
2 


72 
2 
73 
2 


75 


76 
77 
2 
78 
2 


PL/M-86 
CaMP I LER 


79 


80 
2 
81 
2 


82 
;- 
83 
3 
84 
3 
85 
3 
86 
3 
87 
3 
88 
3 
89 
3 
90 
3 
91 
3 
92 
2 
93 
2 
94 
2 
95 
;> 
96 
2 


2 
2 


I NT 
VEC 
STORE 
= 
I NT 
VEC; 


INT-VEC-= 
INTERRUPTSPTR( 
1Nl 
8274 
5), 


MAS~_59 
::::I: 
INPUT{OCWl_591. 
- 
- 


aUTPUT(OCWl_S9) 
= 
MASK_59 
AND 
CHA_INT_ON. 


RETURN, 
END 
ENABLE_INTERRUPTS_S. 


/* 
DISABLE 
8274 
INTERRUPTS 
- 
SET 
UP 
THE 
8259A *' 


DISABLE_INTERRUPTS_S 
PROCEDURE 
PUBLIC. 


DISABLE. 


OUTPUT 
(OeW1_59) 
ENABLE. 


RETURN; 
END 
DISABLE_INTERRUPTS_S. 


/* 
CHANNEL 
B 
RECEIVE 
CHARACTER 
AVAILABLE 
*1 


TEMP •••INPUT 
(DATA_B_74); 


OUTPUT(COMMAND_B_74) 
lE 
38H; 
RETURN; 
END 
CHB_RX_CHAR. 


'E~ECT 


lSBC 
88/45 
8274 
CHANNEL 
A 
SOLe 
TEST 


/ 
/ 
/* 
MAIN 
INTERRUPT 
ROUTINE 
*/ 
, 
, 


INT_8274_S: 
PROCEDURE 
INTERRUPT 
35 
PUBLICi 


QUTPUT(CQMMANO 
B 
74) 
:=:: 
2i 


TEMP 
:=:: 
INPUT(STATUS_B_74) 
AND 
07H. 
/* 
SET 
POINTER 
TO 
2*/ 
/* 
READ 
INTERRUPT 
VECTOR 
*/ 
/* 
CHECK 
FOR 
CHA 
1NT 
ONLY./ 


CH 
B 
I NTERRUPTS 
ARE 
I GNORED* / 
/* 
FOR 
THIS 
APPLICATION 
DO 
CASE 
TEMP. 
CALL 
IGNORE 
INT; 
CALL 
IGNORE-1Nl; 
CALL 
CHO 
RX-CHAR; 
CALL 
IGNORE-INT; 


CALL 
IGNORE-INT; 


CALL 
CHA 
EXTERNAL_CHANGE; 


CALL 
CHA-RX 
CHAR; 


CALL 
CHA::RX::SPECIAL; 


END, 


OUTPUT (COMMANO_A_74) 
=38Hi 
/* 
END 
OF 
INTERRUPT 
FOR 
8274 
*/ 


OUTPUT(OCW2 
59} 
63H; 
/* 
82~9 
EOI 
*/ 


OUTPUT(OCWl-59) 
~ 
INPUT<OCWl 
~9) 
AND 
OF7Hi 


RETURN; 
- 
- 


END 
INT _8274_S, 


/* 
Y2VIVO 
/* 
V2VIVO 


/* 
V2VIVO 
". 
/* 
V2VIVO 
== 


/* 
V2VIVO 
., 


/* 
V2VIVO 
,. 


/* 
V2V1VO 
~ 


/* 
V2VIVO 
:=: 


000*/ 
001*/ 
010*/ 
011*/ 
100*/ 
101*/ 
110*/ 
111*/ 


/* 
DEFAULT 
INTERRUPT 
ROUTINE 
- 
8259A 
INTERRUPT 
7 */ 
/* 
REGUIRED 
ONLY 
WHEN 
OMA 
CONTROLLER 
IS 
ENABLED 
*/ 
/* 
BEFORE 
RECEIVING 
FIRST 
CHARACTER 
WHICH 
IS 
*/ 
/* 
AT 
HIGH 
BAUD 
RATES 
LIKE 
BOOK 
BAUD. 
READ 
APP. 
*/ 
/* 
NOTE 
SECTION 
6 
FOR 
DETAILS 
*/ 
210403-21 
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97 
98 
2 
99 
" 
100 
2 
101 
" 
lO~ 


INT _39. 
PROCEDURE 
INTERRUPT 
39, 


OUTPUT{OCW2_59) 
,.. 20H; 
,- 
NON-SPECIFIC 
EOl *' 
DUTPUTCQCWl 
59) 
- 
INPUTCOCW1_59) 
AND 
OF7H; 


RE5ULT5_5 
= -FAIL 


END 
INT _39, 


f100ULE 
INFORMATION, 


CODE 
AREA 
SI 
ZE 
CONSTANT 
AREA 
SIZE 


VARIABLE 
AREA 
SIZE 
11AXIMUM 
STACK 
SI ZE 
295 
LINES 
READ 
c 
PROGRAM 
WARNINGS 
o 
PROGRAM 
ERRORS 


01BFH 


:z 
OOOOH 
0006H 
0022H 


4470 
00 
60 
340 


PLOt-8b 
COttP ILER 


END 
OF 
PL/M-B6 
COMPILATION 


ISSC 
88/45 
8274 
CHANNEL 
A 
SOLC 
TEST 


SERIES-Ill 
PL/M-Bb 
V2.0 
COf"tPIL•••TION 
OF f10DULE STEST 
OB~ECT 
MODULE 
PLACED 
IN 
'Fl, 
STEST. 
OB~ 
• 


COf'tPILER 
INVOKED 
BY: 
PLr1S6.B6 
:Fl:STEST.PU1 
TITLE(1S8C 
B8/4~ 
8274 
CHANNEL 
A 
SOLe 
TEST) 
CQr1PACT NOINTVECTOR 
RD,", 


2 
1 
3 
2 


4 
1 
5 
" 


•• 
1 
7 
2 


8 
1 
~ 
2 


10 
1 
11 
2 


12 
1 
13 
2 


14 
1 


15 
2 


I" 
1 
17 
2 


PL/M-Bb 
COMPILER 


28 
2~ 


,..............•......................................................... , 
1* 
*/ 
'* 
1SBC 
~4~ 
PORT 
/It 
(8274) 
SOLC 
TEST 
./ 


/. 
./ 


/ 
/ 


STEST: 
001 


DELAY _S: 
PROCEDURE 
EXTERNAL 
END 
DELAV _5, 


ENABLE_INTERRUPTS_S: 
PROCEDURE 
EXTERNAL, 


END 
ENABLE_INTERRUPTS_SI 


DISABLE_INTERRUPTS_S: 
PROCEDURE 
EXTERNAL, 


END 
DISABLE_INTERRUPTS_S, 


IN1T 
_a~74_90LC_9: 
PROCEDURE 
EXTERNAL; 


END 
INIT 
_8274_SDLC_SI 
, 


INIT 
_a~37 
_9: 
PROCEDURE 
EXTERNAL, 


END 
INIT_8237_S, 


STOP_9~37 
_9: 
PROCEDURE 
EXTERNAL, 


END 
STOP _8237 
_S, 


VERIFY 
TRANSFER 
S: 
PROCEDURE 
EXTERNAL, 


END 
VERIFV 
_TRANSFER_S' 


INT _8274_5: 
PROCEDURE 
INTERRUPT 
3~ 
EXTERNAL. 


END 
INT _8274_S, 


.NOLlST 
.E.JECT 


iSBt 
8a/4~ 
8274 
CHANNEL 
Pt 
SOLe 
TEST 


DECLARE 
(RESULTS_S. 
TXDONE_S, 
RXDONE_S' 
BVTE 
PUBLIC, 


DECLARE 
DONE 
LIT 
'OFFH', 
NOT_DONE 
LIT 
'OOH'. 


PASS 
LIT 
'OFFH'. 


FAIL 
LIT 
'OOW, 
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30 


31 
2 
32 
2 
33 
2 
3'- 
2 
3~ 
2 
36 
2 
37 
2 


3B 
2 
39 
2 
40 
2 


41 
2 
42 
3 


43 
. 
:I 


44 
3 
4~ 
2 
46 
3 


47 
2 


4B 
2 


49 
2 


so 
2 


~I 
2 
~2 
1 


I10DULE 
I NFDIIP1ATI ON: 


.EJECT 


,SBC 
99'4~ 
B274 
CHANNEL 
A 
SDLC 
TEST 


CHA_SDLC_TEST: 
PROCEDURE 
BYTE 
PUBLIC, 


CALL 
ENABLE_INTERRUPTS_S,' 


CALL 
INIT 
_9274_SDLC_S. 


ENABLE, 


DUTPUT(COf1MAND 
A 
74) 
- 
28H, 
'* 
RESET 
TX 
INT/OM'" 
*' 
OUTPUT(COtl'1ANO-S-74) 
• 
2BHI 
'* 
BEFORE 
INITIALIZINO 
8237*1 
CALL 
INIT 
9237 
S. 


OUTPVT(DATAj'_74) 
- - 
:t~1 
'* LOAD FIRST 
CHARACTER FRO,", CPU_I 


'* 
TO 
ENSURE 
CRC 
TRAN8I1ISSION 
RESET 
TX 
UNDERRUN LATCH*, 
OUTPUT(COf"M'"IAND 
It. 
74) 
- 
OCOHI 


RXDDNE_S. 
TXDDNEji-NDT 
_DONE. 
'* 
CLEAR 
ALL 
FLAQS *' 
RESULTS_S-PASS, 
'* FLAO SET 
FOR "'ONITOR*I 


DD 
WHILE 
TXDDNE 'S-NOT 
DONE. 


END. 
-- 
1* 
DO 
UNTIL 
TERI"tINAL 
COUNT_I 


DD WHILE(INPUT(STATUS 
A 
74) 
AND 
04H) 
<> 
04H, 
'* 
WAIT 
FDR 
CRC 
TO 
QET 
TRANSP1ITTED 
*' 
1* 
TEST 
FOR TX BUFFFER 
E•• TY TO YEAIFY 
THIS_I 
END. 


DO 
WHILE 
RXDONE_S-NOT_DONEJ 
1* 
00 
UNTIL 
TERMINAL. 
COUNT*, 
END, 


CALL 
STOP _8237 
_81 


CALL 
DISABLE_INTERRUPTS_S. 


CALL 
VERIFY_TRANSFER_S. 


RETURN 
RESUL TS_S. 


END 
CHA_SDLC_TEST, 


END 
STEST, 


CODE 
AREA 
SI ZE 
., 
0063H 
990 
CONSTANT 
AREA 
SIZE 
- 
OOOOH 
OD 
VAR IABLE 
AREA 
SIZE 
- 
0003H 
3D 
I'1AXII'1UP1 STACK 
SIZE 
- 
0004H 
4D 
198 
LINES 
READ 
o PRDORAI1 
WARNINGS 
o 
PROORA" 
ERRORS 


PL/M-Bb 
COf1P ILER 


END 
OF 
PL/M-S6 
COMP lLATION 


'SBC 
99'4~ 
9274 
CHANNEL 
A 
SDLC 
TEST 


SERIES-Ill 
PL'I'1-9b 
V2.0 
COI1PILATlON 
OF 
I10DULE 
VECTDIIJ10DE 
OBJECT 
t1DDULE 
PLACED 
IN 
: FI: 
VECTOR. OBJ 
CDI'1PILER 
INVOKED 
BY: 
PLl'1Bb. 
Bb 
: FI: 
VECTOR. PLP1 TITLE( 
lSBC 
BB'4~ 
9274 
CHANNEL 
•• SDLC 
TEST! 


I ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
, 
n 
*' 
'* 
8274 
INTERRUPT 
HANDLING ROUTINE 
FOR 
*' 
/* 
9274 
VECTOR 
P'IODE 
*/ 
/* 
STATUS 
AFFECTS 
VECTOR 
*/ 


/* 
*' 
, 
, 
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12 
13 
14 


1~ 
1 
16 
2 
17 
2 


18 
2 


19 
1 


20 
2 
21 
2 
22 
2 
23 
2 
24 
3 


PL/M-86 
COMPILER 


25 
3 
26 
3 


27 
2 
28 
2 
29 
2 


30 
2 


31 
1 
32 
2 
33 
2 
34 
2 


1* 
THIS 
15 
AN 
EXAMPLE 
OF 
HOW 8274 
CAN 
BE 
USED 
IN 
VECTORED 
MODE. 
*1 
1* 
THE 
iSBCeS/4:t 
BOARD 
WAS 
REWIRED 
TO 
DISABLE 
THE 
PIT 
8259A 
AND 
*' 
1* 
ENABLE 
THE 
8274 
TO 
PLACE 
ITS 
VECTOR 
ON 
THE 
DATAQUS 
IN 
RESPONSE 
*1 
'* 
TO THE 
INTA 
SEGUENCE 
FROM THE 
BOS8. 
OTHER 
MODIFICATIONS 
INCLUDED 
*/ 
/* 
CHANGES 
TO 
8274 
INITIALIZATION 
PROGRAM 
(SIN!74) 
TO 
PROGRAM 
8274 
*' 
/* 
INTO 
VECTORED 
MODE (WRITE 
REGISTER 
2A 
05-1). 
*' 


VECTOR_MODL 
DO; 


SNOLIST 


DECLARE 
TEMP 
BYTE; 
DECLARE 
(RESULTS 
S, TXDDNE. 
RXDONE) 
BYTE 
EXTERNAL; 


DECLARE 
DONE 
LITERALLY 
'OFFH', 


NOT_DONE LITERALLY 
'OOH'. 


PASS 
L ITER ALL Y 
'OFFH' 
, 
FAIL 
LITERALLY 
'OOH'; 
, 
, 
/* 
TRANSMIT 
INTERRUPT 
CHANNEL 
A 
INTERRUPT 
WILL 
NOT 
BE 
SEEN 
IN 
THE 
*/ 
'* 
OMA OPERATION. 
*' 
1****************.******************************************************1 


TX_INTERRUPT_CHA: 
PROCEDURE 
INTERRUPT 
84; 


OUTPUT(COMMAND_A_74) 
- 
001010008; 
I*RESET 
TXINT 
PENDING*I 
OUTPUT (COMMAND_A_74) 
- 
001110009; 
I*EOI*I 


END 
TX_INTERRUPT 
_CHA; 


1****.***.********.*******.******************************************.*.1 
1* 
EXTERNAL/STATUS 
INTERRUPT 
PROCEDURE: 
CHECKS 
FOR 
END 
OF 
MESSAQE .1 
1* 
ONLY. 
IF 
THIS 
IS 
NOT 
TRUE 
THEN 
THE 
FAIL 
FLAG 
IS 
SET. 
HOWEVER. 
.1 
1* 
A 
USER 
PROGRAM 
SHOULD 
CHECK 
FOR 
OTHER 
EXT/STATUS 
CONDITIONS 
.1 


1* 
ALSO 
IN 
RRl 
AND 
THEN 
TAKE 
APPROPRIATE 
ACTION 
BASED 
ON 
THE 
*1 
1* 
APPLICATION. 
.1 
1*.********************.*.*.***** 
••• *******.*.****** 
••• ********.*.*.*.**1 


EXT_STAT_CHANGE_CHA: 
PROCEDURE 
INTERRUPT 
B~; 


TEMP 
- 
INPUT(STATUS_A_74); 


IF 
(TEMP 
AND 
END 
OF 
TX 
MESSAGE) 
- 
END_OF _TX_MESSAGE 
THEN 
TXDONE 
,., DONE?" 
- 
- 


ELSE 
DO. 
TXDONE 
z 
DONE; 


iS9C 
88/4~ 
8274 
CHANNEL 
A 
SDLC 
TEST 


RESUL TS_S 
- 
FAILl 


END; 


OUTPUT{COMMAND_A_7'4) 
- 
000100008; 


OUTPUT(COHMAND 
A 
74) 
- 
00111000B. 


RETURN; 
- 
- 
END 
EXT _STAT _CHANGE_CHAi 


I*RESET 
EXT 
STAT 
INT*I 


I.E01*1 


1**.********.*.***** 
•• ************.*******.*****.**.* 
•• **••• *••• *••••• *.1 
1* 
RECEIVER 
CHARACTER 
AVAILABLE 
INTERRUPT 
WILL 
APPEAR 
ONLY 
ON 
FIRST.I 
I. 
RECEIVE 
CHARACTER. 
SINCE 
DMA 
CONTROLLER 
HAS 
BEEN 
ENABLED 
BEFORE *1 
I. 
THE 
FIRST 
CHARACTER 
IS 
RECEIVED. 
THE 
RECEIVER 
REOUEST 
IS 
*1 
1* 
SERVICED 
BY 
THE 
OI'1A CONTROLLER. 
*1 
1****•• ******* •••• **.*.**.*.* 
•• *** •• *********.****.*.*.**.* 
•• **••••• *••• 1 


RX_CHAR_AVAILABLE_CHA: 
PROCEDURE 
INTERRUPT 
80; 


OUTPUT (C0I'1MAND_A_74) 
• 
001110008; 
I*EOI*I 


RETURN. 
END 
RX_CHAR_AVAILABLE_CHAi 
.EJECT 
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PL/M-B6 
COMPILER 


35 


310 
2 
37 
;/ 
38 
2 
39 
2 
40 
:1 
41 
3 


42 
3 
43 
3 


44 
:1 


45 
:1 
46 
2 
47 
2 


48 
1 
49 
2 
50 
2 
51 
2 
52 
2 
53 
2 
54 
2 
55 
2 


56 


lSBC 
8e/4~ 
8274 
CHANNEL 
A 
SOLe 
TEST 


, 
,. 


/* 
SPECIAL 
RECEIVE 
CONDITION 
INTERRUPT 
SERVICE 
ROUTINE 
CHECKS 
FOR *' 
'* 
END OF FRAME BIT 
ONLY. 
SEE 
SPECIAL 
SERVICE 
ROUTINE 
FOR 
NON- 
*' 
'* 
VECTQRED 
MODE 
FOR 
CRC 
CHECK 
AND 
OVERRUN 
ERROR 
CHECK. 
*' 
,.........................................•............................. , 


OUTPUT(COtV1AND A 74) 
- 
1; 
I_POINTER .*, 


TEI1P 
- 
INPUT(STATUS 
A 
74); 


IF 
<TEI1P 
AND 
END 
OF-FRAI1E) 
- 
END_OF _FRAME 
THEN 
RXDONE 
- 
OONE;;- 
ELSE 
DO; 


RXDONE 
- 
DONE; 


RESULTS_S 
- 
FAIL; 


END; 


OUTPUT (COMHAND_A_74) 
"" 
001100008; 
'_ERROR 
RESET*, 


OUTPUTCCO,","AND_A_74) 
- 
001110008; 
,*E01*, 


RETURNl 


END 
SPECIAL_RX_CONDITION_CHA; 


E•••••BLE_INTERRUPTS: 
PROCEDURE 
PUBLIC; 


DISABLE; 
CALL 
SEnINTERRUPT<84. 
TX 
INTERRUPT 
CHA); 


CALL 
SEnINTERRUPT<85. 
EXT _STAT _CHANOE_CHA); 


CALL 
SET.INTERRUPTCB6. 
RX_CHAR_A"'AILABLE_CHA). 


CALL 
SEnINTERRUPT<87. 
SPECIAL_RX_CONDITION_CHA); 


RETURN; 
END 
ENABLE_INTERRUPTS; 


END 
VECTOR_I1ODE; 
1••*•••• **••*.•..•. 
*••**.**.*.*** ••••••••• ***••• *.*••******.******************.*1 
1.**.***.*.*.*** ••••• *••**.**.*·***·**·*****.··**.**.**********.*.**.*****.*1 


I10DULE 
INFORI1ATlON: 


CODE AREA SIZE 
• 
012EH 
3020 
CONSTANT 
AREA SIlE 
• 
OOOOH 
OD 
"'AR IABLE 
AREA SI lE 
• 
0OO1H 
10 
•••••Xlf'RWI 
STACK 
SIZE. 
00lEH 
300 
226 
L liES 
READ 
o PROQRAI1 WARNINOS 
o PROORAf1 ERRORS 


END 
OF 
PLlI1-86 
COI1PILATlON 
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APPENDIX 
B 
MPSC READ/WRITE 
REGISTER DESCRIP'fIONS 


WRITE 
REGISTER 
0 (WRO) 


MSB 
LSB 


~ l 


LoOMMAND 
STATUS POINTER 
REGISTER POINTER 


o 
0 
0 
NULL CODE 
o 
0 
1 
SEND ABORT (SDLCI 
o 
1 
0 
RESET EXT STATUS INTERRUPTS 
o 
1 
1 
CHANNEL RESET 
1 
0 
0 
ENABLE INTERRUPT ON NEXT RX CHARACTER 
1 
0 
1 
RESET TXINT DMA PENDING 
1 
1 
0 
ERROR RESET 


1 
1 
1 
END OF INTERRUPT (Ch. A onlyl 


o 
0 
NULL CODE 
o 
1 
RESET RX CRC CHECKER 
1 
0 
RESET TX CRD GENERATOR 
1 
1 
RESET TX UNDERRUN EOM LATCH 
210403-26 


WRITE 
REGISTER 
1 (WR1) 


MSB 
LSBI 
o 
0 
RxlNT IDMA DISABLE 
o 
1 
RxlNl 
ON FIRST CHAR OR SPECIAL CONDmON 
1 
0 
1Nl ON ALL Rx CHAR (PARITY AFFECTS VECTORI OR 
SPECIAL CONDmON 
1 
INT ON ALL Rx CHAR (PARITY DOES NOT AFFECT 
VECTORI OR SPECIAL CONDtT1ON 


EXTINTERRUPT 
ENABLE 


Tx INTERRUPT 
DMAENABLE 


STATUS AFFECTS VECTOR 
(CHBONLYI 
(NULL CODE CH Al 


1 
VARIABLE VECTOR 
o 
FIXED VECTOR 


1 WAIT ON Rx, 0 WAIT ON Tx 


MUST BE ZERO 


WAIT ENABLE, 1 ENABLE, 0 DISABLE 
210403-27 
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WRITE 
REGISTER 
2 (WR2): CHANNEL 
A 


'-y--' 
o 
0 
BOTH INTERRUPT 
o 
1 
ADMABINT 
1 
0 
BOTH DMA 
1 
1 
ILLEGAL 


1 
PRIORITY RxA>RxB>TxA>TxB>EXTA">EXTB" 


o 
PRIORITY RxA>TxA>RxB>TxB>EXTA">EXTB" 


o 
0 
8085 MODE 1 
o 
1 
8085 MODE 2 
1 
0 
8086/88 
MODE 
1 
1 
ILLEGAL 


MUST BE ZERO 


1 
VECTORED 
INTERRUPT 
o 
NON VECTORED INTERRUPT 


PIN 10 SYNDET6 
PIN 10 RTSB 


'External 
Status 
Interrupt 
only if EXT Interrupt 
Enable 
(WR1: 
DO) is set. 
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WRITE 
REGISTER 
2 (WR2): 
CHANNEL 
B 


MSB 
LSB 


~ 


~ 
INTERRUPT 
VECTOR 


210403-29 
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WRITE 
REGISTER 
3 (WR3) 


ADDR SRCH MODE (SDLC) 


Rx CRC ENABLE 


ENTER HUNT MODE 


AUTO ENABLES 


o 
Rx5 BITS/CHAR 


1 
Rx7 BITS/CHAR 
o 
Rx6 BITS/CHAR 


1 
Rx8 BITS/CHAR 
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WRITE 
REGISTER 
4 (WR4) 


1 
ENABLE 
PARITY 
o 
DISABLE PARITY 


EVEN PARITY 
000 PARITY 


o 
0 
ENABLE 
SYNC MODES 
o 
1 
1 STOP BIT 
1 
0 
1.5 STOP BITS 
1 
1 
2 STOP BITS 
o 
8 BIT SYNC CHAR 
1 
16 BIT SYNC CHAR 
o 
SDLC/HQLC(Olllll10)FLAG 
1 
1 EXTERNAL 
SYNC MODE 


WRITE 
REGISTER 
S (WRS) 


T. CRC ENABLE 


210403-32 


RTS 


L- 
~g~;. 


'------ 
T. ENABLE 


o 
o 
1 
1 


oo 
1 
1 


o 
Xl CLOCK 
1 
X16 CLOCK 
o 
X32 CLOCK 
1 
X64 CLOCK 


'-------~NDBR~ 


o 
0 
o 
1 
1 
0 
1 
1 


T.5 
BITS OR LESS/CHAR 
T.7 
BITS/CHAR 
T•• 
BITS/CHAR 
T.e 
BITS/CHAR 


210403-31 


WRITE 
REGISTER 
6 (WR6) 


MSB 
LSB 


~ 


, 
[ 
LEAST SI:NIFICANT 
SYNC BYTE (ADDRESS 
IN SOLC/HOLC 
MODE) 


210403-33 


READ 
REGISTER 
0 (RRO) 


L- 
CARRIER DETECT 


DTR 


WRITE 
REGISTER 
(WR7) 


MSS 
LSB 


~" 
L MOST 
SI;NIFICANT 
SYNC 
BYTE (7EH 
IN SOLC/HOLC 
MODE) 


210403-34 


R. CHAR AVAILABLE 


INT PENDING (CHA ONLY) 


L- 
SYNC/HUNT 


'----- 
T. BUFFER EMPTY 


CTS 
} 
EXTERNAL 
L- 
T. UNDERRUN/EOM 
!lTAM 


INTERRUPT 
MODE 
'------------ 
BR~/ABORT 


2-424 


210403-35 


inter 
AP-145 


READ 
REGISTER 
1 (RR1): (SPECIAL 
RECEIVE 
CONDITION 
MODE) 


MSB 
LSB 


1071061051041031021011001I 


LALLSENT 


I FIELD BYTE 
PREVIOUS BYTE 
o 
0 
0 
2 
o 
0 
1 
0 
o 
1 
0 
0 
o 
1 
1 
0 
1 0 0 
0 
1 
0 
1 
0 
1 
1 
0 
0 
1 
1 1 
1 


- 
PARITY ERROR 


'-- 
Rx OVERRUN ERROR 


- 
CRC/FRAMING 
ERROR 


'-- 
END OF FRAME (SOLC HOLC MODE) 
210403-36 


READ 
REGISTER 
2 (RR2) CHANNEL 
B ONLY 


I FIELD BYTE 
2ND PREVIOUS BYTE 


~} 
RESIDUE DATA 
3 
BITS CHAR 
7 
MODE 


5 
8 


MSB 
LSB 


~ 
, 
1INTERRUPT 
'VA:IABLES 
IN 
-...::..:.:==...:.....- 
STATUS AFFECTS 
VECTOR 
VECTOR MODE 
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INTRODUCTION 
I. SCC Port Definition 


INTEL's 
82530, Serial Communications 
Controller 
(SCC), is a dual channel, multi-protocol data communi- 
cations peripheral. It is designed to interface to high 
speed communications lines using asynchronous, byte 
synchronous, and bit synchronous protocols. It runs up 
to 1.5 Mbits/sec, has on-chip baud rate generators and 
on-chip NRZI encoding and decoding circuits-very 
useful for SOLC communication. This application note 
shows how to write I/O drivers for the 82530 to do 
initialization 
and 
data 
links 
using 
asynchronous 
(ASYNC) and SDLC protocols. The appendix includes 
sections to show how the on-chip baud rate generators 
could be programmed, how the modem control pins 
could be used, and how the 82530 could be interfaced 
to INTEL's 80186/188 processors. 


This article deals with the software for the following: 


I. SCC port definition 
2. Accessing the SCC registers 
3. Initialization for ASYNC communication 
4. ASYNC communication in polling mode 
5. ASYNC communication in interrupt mode 
6. Initialization for SOLC communication 
7. SOLC frame reception 
8. SOLC frame transmission 
9. SOLC interrupt routines 


The description is written around illustrations of the 
actual software written in PLM86 for a 80186 - 82530 
system. 


The Figure I shows how the 4 ports (2 per channel) of 
the SCC can be defined. Note that the sequence of ports 
in the ascending order of addresses is not the one that is 
normally expected. In the ascending order it is: com- 
mand (B), data (B), command (A) and data (A). In an 
80186 - 82530 system, the interconnection is as follows: 


PCSn 
A1 
80186 pins 
A2 
AD 
WA 


CS 
DIC 
AlB 
82530 pins 
AD 
WA 


2. Accessing the SCC Registers 


The SCC has 16 registers on each of the channels (A 
and B). For each channel there is only one port, the 
command port, to access all the registers. The register 
#0 can be always accessed directly through the com- 
mand port. All other registers are accessed indirectly 
through register # O. First, the number of the register to 
be accessed is written to the register # 0 - see the state- 
ment, in Figure 2: 'output (cLa_command) 
= re~ 
no and Ofh'. Then, the desired register is written to or 
read out. The Figure 2 shows 4 procedures: ITa and 
wra, for reading and writing channel A registers; ITb 
and wrb, for reading and writing channel B registers. 
The read procedures are of the type 'byte' - they return 
the contents of the register being read. The write proce- 
dures require two parameters - the register number and 
the value to be written. 


1*--- -..---.--..---- --.--- ---- --- --- ._--.-.---------- ------- --- --------------------- 
*1 


declClre 
ch_b_commClnd 
ch_b_dClta 
ch_a_command 
ch_a_data 


literally 
'pcs5 
+ 0'. 
1* s c c charinel_b 
command 
lIIord*/ 
literally 
'pcs5 
+ 2'. 
1* sce 
channel_b 
data 
lIIord *1 
literall\! 
'pcs5 
+ 4', 
1* s c c channel 
__a 
command 
lIIord *1 
literClll\! 
'pcs5 
+ 6', 
1* sce 
channel_a 
dClta 
lIIord *1 


1*--------------------------------------------------_·------- 
*1 
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Figure 1. SCC Port Definition 
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1*--------------------------------------------------------------------------*1 


rra; 
procedure 
(reg_no) 
bVte; 
declare 
reg_no 
bvtel 


if (reg_no 
and Ofh) <> 0 
then 
output(ch_a_command) 
••reg_no 
and Ofh; 
return 
,input(ch_a_command); 
end rra' 


rrb: 
proc edure 
(reg_no) 
bVte; 
declare 
r_g_no 
bvte; 


if (reg_no 
and Ofh) <> 0 
then output 
(ch_b_command) 
••reg_no 
and Ofh; 
return 
input(ch_b_command); 
end rrb; 


wra: 
procedure 
(reg_no, 
value), 
declare 
reg_no 
bvte; 
declare 
value 
bVte. 


if (reg_no and Ofh) <> 0 
then 
output 
(ch_a_commandl 
= reg_no 
and Ofh, 
output 
(ch_a_command) 
value, 
end wra; 


wrb: 
procedure 
(reg_no, 
value); 


declare 
reg_no 
bVte; 
declare 
value 
bvte; 


if (reg_no 
and Ofh) <> 0 
then output 
(ch_b_c ommand) '.,reg_no 
and Ofh; 
output 
(ch_b_command) 
• value; 


,end wrb; 


1*--------------------------------------------------------------------------*1 
231262-2 
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Figure 2. Accessing the SCC Registers 
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3. Initialization for ASYNC Operation 
4. ASYNC Communication 
in Polling 
Mode 
In the following example, channel B of the SCC is used 
to perform ASYNC communication. Figure 3 shows 
how the channel B is initialized and configured for 
ASYNC operation. This is done by writing the various 
channel B registers with the proper parameters 
as 


shown. The comments in the program show what is 
achieved by each statement. After a software reset of 
the channel, register # 4 should be written before writ- 
ing to the other registers. The on-chip Baud Rate Gen- 
erator is used to generate a 1200bits/sec clock for both 
the transmitter 
and the receiver. The interrupts 
for 


transmitter 
and/or 
receiver are enabled only for the 


interrupt 
mode of operation; for polling, interrupts 
must be kept disabled. 


Figure 4 shows the procedures for reading in a received 
character from the 82530 (scc.Lin) and for writing out 
a character to the 82530 (sec.Lout) in the polling mode. 


The scc.Lin procedure returns a byte value which is the 
character read in. The receiver is polled to find if a 
character has been received by the SCC. Only when a 
character has been received, the character is read in 
from the data port of the SCC channel B. 


The sce_out 
procedure 
requires a byte parameter 
which is the character being written out. The transmit- 


'*----------~---------------------------------------------------------------*' 


'* scc 
ch 
B register 
initialization 
for 
ASYNC 
mode *1 


call 
",rb(09, 
01000000b) 
i 
,* channel 
B resRt 
*1 
call 
",rb (04. 
11001110b) 
i 
1* 2 stop. 
no 
pari tV' 
brl' 
,., b4x 
*1 
call 
",rb (02. 
00100000b 
) ; 
1* vector 
= 20h 
*1 
call 
",rb(03. 
11000000b ) i 
1* rx 
8 bi ts/char. 
no auto-enabllt 
*1 
call 
",rb (05. 
01100000b) 
i 
1* tx 
8 bits/char 
*1 
ca 11 ",rb (Ob. 
OOOOOOOOb 
) i 
call 
",rb(07. 
OOOOOOOOb 
); 
call 
urr b i09. 
00000001 b ); 
1* vector 
includes 
status 
*1 
call 
Ulrb(10. 
OOOOOOOOb 
) ; 


call 
",rb (11. 
01010110b) 
; 
1* rxc 
•• txc 
= BRG . 
trxc 
•• 
BRG 
out 
*1 
call 
",rb (12. 
00011000b 
) ; 
1* to 
gltnltratlt 
1200 
baud. 
xb4 @ 4 mhz *1 
ca 11 ",rb (13. 
OOOOOOOOb 
); 
call 
",rb (14. 
00000011 b); 
1* 
BRG 
Sourclt 
= SYS CLK. 
Itnable 
BRG 
*1 
call 
",rb (15. 
OOOOOOOOb 
) ; 
1* all 
Itxt 
status 
intltrrupts 
of'f' 
*1 


1* enables 
*1 


call 
",rb (03. 
11000001 b); 
1* scc-b 
receive 
t!nablt! 
*1 
call 
",rb (05. 
11101010b) 
i 
1* scc-b 
transmit 
Itnabllt. 
dtr 
on. 
rts 
on *1 


1* enable 
interrupts 
- 
only 
for 
intt!rrupt 
driven 
ASYNC 
1/0 *1 


call 
",rb(09. 
OOOOl001b), 
call 
",rb(01. 
00010011b), 
1* mastt!r 
lE. 
vltctor 
includes 
status 
*1 
1* tx 
• rl. 
ext 
intltrrupts 
enabllt 
*1 


1*-----------------------------_··_------------------------------------------*1 
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1*--------------------------------------------------------------------------*1 


sec_in: 
procedure 
byte; 


1* 
sec 
data 
character 
input 
from 
channel 
B *1 


declare 
char 
byte; 


do 
while 
<input<ch_b_command) 
and 
t h ) = 
0; 
end; 
char 
= 
input(ch_b_data); 
1* 
if 
r. 
data 
character 
is 
available 
*1 
return 
char; 
1* 
then 
input 
it 
to 
buffer 
*1 


1* 
sce 
data 
character 
output 
to 
channel 
B *1 


do 
while 
<input<ch_b_command) 
and 
4h) 
= 
0; 
end; 
ou'tput<ch_b_data) 
•• char; 
1* 
if 
t. 
buff' 
empty 
thl!n 
transf'er 
the 
*1 
1* data 
charactl!r 
to 
t. 
buff 
*1 


1*--------------------------------------------------------------------------*1 
231262-4 


Figure 4. ASYNC Communication 
in Polling Mode 


ter is polled for being ready to transmit the next charac- 
ter before writing the character out to the data port of 
SCC channel B. 


Typical calls to these procedures are: 


abc_ variable = scc_in; 
call sce_out 
(xyz_variable); 


5. ASYNC Communication 
in Interrupt 
Mode 


In contrast to polling for the receiver and/or the trans- 
mitter to be ready with/for 
the next character, the 
82530 can be made to interrupt when it is ready to do 
receive or transmit. 


The on-chip interrupt 
controller of the SCC can be 
made to operate in the vectored mode. In this mode, it 
generates interrupt vectors that are characteristic of the 
event causing the interrupt. For the example here, the 
vector 
base 
is 
programmed 
at 
20h 
and 
'Vector 


Includes 
Status' 
(VIS) 
mode 
is 
set 
- 
WR9 
XXXOXXOI. 
Vectors and the associated events are: 


Vector 
Procedure 
Event Causing Interrupt 
20h 
txintr_b 
ch_b - transmnbufferempty 
22h 
esi 
b 
cLb 
-external/status change 
24h 
rxintr_b 
chJ 
- receivecharacter available 
26h 
srcLb 
ch_b - special receivecondition 
28h 
txintr_a 
ch_a -transmitbufferempty 
2ah 
esi_a 
ch_a - external/status change 
2ch 
rxintr a 
ch 
a - receivecharacter available 
2eh 
src_a 
cn.,a -special receivecondition 


NOTE: 
Odd vector numbers do not exist. 


Figure 5 shows the interrupt procedures for the channel 
B operating in ASYNC mode. The transmitter butTer 
empty interrupt occurs when the transmitter can accept 
one more character to output. In the interrupt proce- 
dure for transmit, the byte char_out_530 
is output. 


Following this, is an epiloge that is common to all the 
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interrupt 
procedures; 
the first statement is an end of 
interrupt command to the 82530 - note that it is issued 
to channel 
A - and the second is an End of Interrupt 
(EOI) 
command 
to the 80186 interrupt 
controller 
which is, in fact, receiving the interrupt from the 82530. 


The receive buffer full interrupt occurs when the receiv- 
er has at least one character in its buffer, waiting to be 
read in by the CPU. 


The esi_b 
is not enabled to occur and src_b 
cannot 
occur in the ASYNC mode unless the receiver is over- 
run or a parity error occurs. 


1*--------------------------------------------------------------------------*1 


1* channel 
B 
interrupt 
procedures 
*1 


hintr 
_b: 
procedure 
interrupt 
20h; 


call 
wra(OO,38h); 
output 
(eoir_186) 
~ 8000h; 
returnl 
end 
hintr_b; 


1* reset 
highest 
rus *1 
1* non 
specific 
Ear *1 


procedure 
interrupt 
22h; 


call 
wrb(OO. lOh); 


call 
wra(OO.38h); 
output 
(eoir_186) 
~ 8000h; 
return; 
end 
esi_b; 


1* reset 
highest 
IUS *1 
1* non 
specific 
EOI *1 


rxintr_b: 
interrupt 
24hl 


call 
wra(OO.38h); 
output 
(eoir_186) 
return; 
end 
rxintr_bl 


8000h; 
1* reset 
highest 
IUS *1 
1* non 
specific 
EOI *1 


procedure 


call 
wrb(OO.30h); 
1* error 
reset 
*1 


call 
wra(OO.38h); 
output 
(eoir_186) 
- BOOOh; 
return; 
end 
src_b; 


1* reset 
highest 
IUS *1 
1* non 
specific 
EOl *1 


1*--------------_·_----------------------------------------------------------*1 
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Figure 
5. ASYNC Communication 
In Interrupt 
MQde 


2-432 


intJ 


6. Initialization for SOLC 
Communication 


Channel A of the SCC is programmed for being used 
for SOLC operation. It uses the OMA channels on the 
80186. Figure 6 shows the initialization procedure for 
channel A. The comments in the software show the 
etTectof each statement. The on-chip Baud Rate Gener- 
ator is used to generate a clock of 125 kHz both for 
reception and transmission. This procedure is just to 
prepare the channel A for SOLC operation. The actual 
transmission and reception of frames is done using the 
procedures described further. 


7. SOLC Frame Reception 


Figure 7 shows the entire set-up necessary to receive a 
SOLC frame. First the OMA controller is programmed 
with the receive butTeraddress (@rlL-bufi), byte count, 
mode etc and is also enabled. Then a flag indicating 
reception of the frame is reset. An Error Reset com- 
mand is issued to clear up any pending error condi- 
tions. The receive interrupt is enabled to occur at the 
end of frame reception (Special Receive Condition); 
lastly, the receiver is enabled and put in the Hunt mode 
(to detect the SOLC flag). When the first flag is detect- 
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ed on the RxOA pin, it goes from the Hunt to the Sync 
mode. It receives the frame and the end of frame inter- 
rupt (src_b, 
vector = 2eh) occurs. 


8. SOLC Frame Transmission 


Figure 8 shows the procedure for transmitting a SOLC 
frame once channel A is initialized. The OMA control- 
ler is initialized 
with 
the 
transmit 
butTer address 


(@tx_butT(I» 
- note, it is the second byte of the trans- 


mit butTer- and the byte count - again one less than the 
total butTerlength. This is done because the first byte in 
the butTer is output directly using an I/O instruction 
and not by OMA. Then the flag indicating frame trans- 
mitted is reset. The events following are very critical in 
sequence: 


a. Reset external status interrupts 
b. Enable the transmitter 
c. Reset transmit CRC 
d. Enable transmitter underrun interrupt 
e. Enable the OMA controller 
f. Output first byte of the transmit block to data port 
g. Reset Transmit Underrun Latch 


1*--------------------------------------------------------------------------*1 


SCC-init 
_a: 
procedure; 


1* sce 
ch 
A register 
initi<llization 
for 
SOLe 
mode 
*1 


Cilll 
IIIril(09, 
10000000b 
) ; 
1* chilnnel 
A reset 
*1 
c<lll 
l111'a(04, 
00100000b 
), 
1* SOLe 
mode 
*1 
c<lll 
11I1'a (01. 
01100000b) 
, 
1* OMA for 
Rx *1 
c<lll 
11I1'a (03, 
11000000b) 
, 
1* e bit 
RI 
ch<lr, 
RI 
disable 
*1 
call 
11I1'<1(05, 01100000b 
), 
1* e bit 
Tx 
ch<lr, 
TI 
dis<lble 
*1 
call 
11I1'<1(06. 01010101b 
), 
1* node 
<lddres5 
*1 
c<lll 
IIIril(07. 
01111110b) 
; 
1* SOLe 
fl<lg 
*1 
C<lll 
11I1'<1 
( 10, 
10000000b 
) , 
1* preset 
eRC, 
NRZ encoding 
*1 
c<lll 
11I1'<1 
(11, 
Oi010110b) 
; 
1* rxc .tIC 
= BRG , 
trxc 
,. BRG out 
*1 
c<lll 
11I1'<1 
( 12,' 
00001110b) 
; 
1* to 
gener<lte 
125 
Kb<lud, 
11 
• 
4 mhz *1 
c<lll 
11I1'<1 
( 13, 
OOOOOOOOb) ; 
c<lll 
11I1'<1 
( 14, 
00000110b), 
1* BRG source 
• 
SYS CLK, 
DMA for 
T. 
*1 
c<lll 
11I1'<1 
(15, 
OOOOOOOOb) I 
1* <Ill 
elt 
status 
interrupts 
off 
*1 


1* en<lbles 
*1 


c<lll 
11I1'<1 
(14. 
00000111 
b ) i 
1* "n<lble 
: 
BRG *1 
c<lll 
11I1'<1(01. 11100000b) 
i 
1* en<lble 
: 
dreCl. *1 
c<lll 
11I1'<1(09, 00OO1001b)i 
1* m<lster 
rs. 
vector 
includes 
st<ltus 
*1 


end 
scc_init_<l1 


. 


1*--------------------------------------------------------------------------*1 
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1*--------------------------------------------------------------------------*1 


rx_init: 
procedure; 


declare 
dma_O_mode 
literally 
'1010001001000000b'; 
1* src=IQ. 
dest=M<inc). 
sync-src. 
TC. 
noint. 
priorit\l' 
byte *1 


outword(dma_O_dpl) 
outword(dma_O_dph) 
outword(dma_O_spl) 
outword(dma_O_sph) 
outword(dma_O_tc) 
outword (dma_.O_cw> 


= 
lowI6(~rx~buff); 
highI6(@rx_buff); 
• 
ch_A_data; 
• 0; 
'"'block_length 
+ 2; 
- 
dma_O_mode 
or 0006h; 
1* +2 
for 
CRC *1 
1* 
.tart 
DMA 
channel 
0 *1 


1* reset 
frame 
received 
flag *1 


call 
wra(OO.30h); 
call 
wra(01. 
11111001b); 
call 
wra<03. 
11010001b); 


1* error 
re.et 
*1 
1* sp. 
cond 
intr 
onl\l. ext 
int 
enable 
*1 
1* enable 
receiver. 
enter 
hunt 
1II0de*1 


1*--------------------------------------------------------------------------*1 
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Figure 7. SDLC-DMA Frame Reception 


1*--------------------------------------------------------------------------*1 


tl_init: 
procedure; 


declare 
dma_l_mode 
literally 
'OOOlOlI010000000b'; 
1* src=M( inc). 
dest=IQ. 
svnc=dest. 
TC. 
noint. 
noprior. 
byte 
*1 


outword(dma_l_spl) 
outword(dma_l_sph) 
outword(dma_l_dpl) 
outword(dma_l_dph) 
outword(dma_l_tc) 


low16(@tx_buff(1»; 
= 
highI6(@tx_buff(1»; 
ch_A_data; 
•• 0) 
block_length 
- 
1; 
1* -1 
for 
first 
b\lte *1 


frame_tx 
= 0; 
1* Teset 
frame 
transmitted 
flag *1 


call 
IIIr 
••(OO. 
0OO10000b); 
1* re.et 
ESI *1 
c••ll wr ••(05. 
01101011b) 
; 
1* en••ble 
tr••nslllitter *1 
c••ll wr ••(OO. 
lOlO1000b); 
1* re.et 
tx CRC. 
TIINT 
pending 
*1 
call 
wra(15. 
01000000b) 
; 
1* enable 
TxU 
int *1 


'*--------------------------------------------------------------------------*1 
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outword(dma_l_cw) 
= 
dma_l_mode 
or 0006h; 
1* .tart 
DMA 
channel 
1 *1 
output(ch_a_dat 
••) • 
tx 
buff(O); 
1* first 
byte 
- address 
field 
*1 
call 
wra(OO. 
11000000b); 
1* Re.et 
TI Underrun 
l••tch *1 


Figure 8. SDLC-DMA Frame Transmission 
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1* channel 
A 
interrupt 
procedures 
*1 


1*--------------------------------------------------------------------------*1 


txintr _a: 
procedure 


call 
~ra(OO,38h); 
output 
(eair_18b) 
- 8000h; 
return; 
end 
txintr_il; 


1* reset 
highest 
IUS *1 
1* non 
specific 
EOI *1 


procedure 
intllrrupt 2i1h; 


call 
~ra(OO,10h); 
tx_stat 
K 
rra(O); 
frame_tx 
• Offh; 


call 
~ra(OO,38h); 
output 
(eair_18b) 
·8000h; 
return; 
IInd es i_a; 


1* resllt ESI 
*1 
1* rllad in status 
*1 
1* set 
framll transmittlld 
flag *1 


1* re.et 
highll.t IUS *1 
1* non 
.pllcific EO-I *1 


procedure 
interrupt 
2ch; 


call 
~r.(OO,38h); 
output 
(eair_18b) 
• 8000h; 
return; 
IInd rxintr_a; 


1* re.et 
highe.t 
IUS *1 
1* non 
specific 
EOI *1 


procedure 
interrupt 
2eh; 


rx_stat 
= rra(l); 
call 
~ra(OO,30h); 
call 
~ra(03,ll000000b); 
frame_reed 
= Offhl 


call 
~ra(OO,38h); 
output 
(eair_18b) 
- 8000h; 
return; 


end 
src_a; 


1* IIr1'a1'reset 
*1 
1* disable 
rx *1 
1* set 
frame 
received 
flag *1 


1* reset 
highest 
IUS *1 
1* non 
specific 
EOI *1 


1*--------------------------------------------------------------------------*1 
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Figure 9. SDLC-DMA Interrupt Routines 
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The 
frame 
gets transmitted 
out with 
all bytes, 
except 
the first one, being fetched 
by the SCC using the OMA 
controller. 
At the end of the block the OMA controller 
stops supplying 
bytes to the SCC. This makes the trans- 
mitter 
underrun. 
Since 
the 
Transmitter 
Underrun 
Latch 
is in the 
reset 
state 
at this 
moment, 
the 
CRC 
bytes are appended 
by the SCC at the end of the trans- 
mit block going out. An External 
Status 
Change 
inter- 
rupt (esi.,,a, 
vector 
= 2ah) is generated 
with the bit for 
transmitter 
underrun 
set in RRO register. 
This 
inter- 
rupt occurs when the CRC is being transmitted 
out and 
not when the frame 
is completely 
transmitted 
out. 


9. SOLC Interrupt 
Routines 


Figure 
9 shows all the interrupt 
procedures 
for channel 
A when operating 
in the SOLC 
mode. The procedures 
of significance 
here are esLa 
and src.;,a. 


The end of frame reception 
results 
in the src..,a proce- 
dure getting 
executed. 
Here the status 
in register 
RRl 
is stored 
in a variable 
rx_stat 
for future 
examination. 


Any error bits set in status 
are reset, receiver is disabled 
and the flag indicating 
reception 
of a new frame 
is set. 


The 
esi_a 
procedure 
is executed 
when 
CRC 
of the 
transmitted 
frame 
is just 
going out of the SCC. Reset 
External 
Status 
Interrupt 
command 
is executed, 
the ex- 
ternal 
status 
is stored 
in a variable 
t~stat 
for future 


examination 
and the flag indicating 
transmission 
of the 
frame 
is set. 


, 


End of frame 
processing 
is required 
after both of these 
interrupt 
procedures. 
It 
involves 
looking 
at 
rx_stat 
and tx_stat 
and checking 
if the desired 
opera- 
tion was successful. 
The butTers used, may have to be 
recovered 
or new ones obtained 
to start 
another 
frame 
transmission 
or reception. 


CONCLUSIONS 


This article 
should 
ease the process 
of writing 
a com- 
plete 
data 
link 
driver 
for ASYNC 
and 
SOLC 
modes 
since most 
of the hardware 
dependent 
procedures 
are 
illustrated 
here. It was a conscious 
decision 
to make the 
procedures 
as small and easy to understand 
as possible. 


This had to be done at the expense of making 
the proce- 
dures 
general 
and 
not dealing 
with 
various 
exception 
conditions 
that can occur. 
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APPENDIX A 
8253Q-BAUD 
RATE GENERATORS 


The 82530 has two Baud Rate Generators (BRG) on 
chip----onefor each channel. They are used to provide 
the baud rate or serial clock for receive and transmit 
operations. This article describes how the BRG can be 
programmed and used. 


The BRG for each channel is totally independent of 
each other and have to be programmed separately for 
each channel. This article describes how anyone of the 
two BRGs can be programmed for operation. To use 
the BRG, four steps have to be performed: 
1. Determine the Baud Rate Time Constant (BRTC) 
to be programmed into registers WRI2 (LSB) and 
WR13 (MSB). 


2. Program in register WRIt, 
to specify ,where the 
output of the BRG must go to. 
3. Program the clock source to the BRG in register 
WRt4. 


4. Enable the BRG. 


Step 
1: Baud 
Rate Time 
Constant 
(BRTC) 


The BRTC is determined by a simple formula: 


Serial Clock Frequency 
BRTC = 
- 2 
2 X (Baud Rate X Baud Rate Factor) 


Example: 


For Serial Clock Frequency = 4 MHz 


Baud Rate 
= 9600 


Baud Rate Factor 
16 


400000O 
BRTC = 
- 2 
2 X (9600 X 16) 


= 13.021 - 2 = 11.021 


I~I~I~I~I~I~I~I~I 
110 
TRxC OUT = XTAL OUTPUT 
o 
1 
TRxC OUT = TRANSMIT CLOCK. 


1 
0 
TRxC OUT = BR GENERATOR OUTPUT 


1 
1 
TRxC OUT = DPLL OUTPUT 


TRxC 011 


o 
0 
TRANSMIT CLOCK = RTxC PIN 
o 
1 
TRANSMIT CLOCK = TRxC PIN 


1 
0 
TRANSMIT CLOCK = BR GENERATOR OUTPUT 


1 
1 
TRANSMIT CLOCK = DPLL OUTPUT 


o 
0 
RECEIVE CLOCK = RTxC PIN 
o 
1 
RECEIVE CLOCK = TRxC PIN 


1 
0 
RECEIVE CLOCK = BR GENERATOR OUTPUT 


1 
1 
RECEIVE CLOCK = DPLL OUTPUT 


~-------------- 
RTxCXTAUNOXTAL 
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Figure 
1. Write 
Register 
11 
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Table 1. BRTC • Baud Rate Time Constant 


~ 
Baud Rate Factor 
1 
16 
32 
64 
9600 
206.333 
11.021 
4.510 
1.255 
4800 
414.667 
24.042 
11.021 
4.510 
Baud 
2400 
831.333 
50.083 
24.042 
11.021 
Rate 
1200 
1664.667 
102.167 
50.083 
24.042 
600 
3331.333 
206.333 
102.167 
50.083 
300 
6664.667 
414.667 
206.333 
102.167 


Since only integers can be written into the registers 
WRI2/WR13 
this will have to be rounded off to 11 
and it will result in an error of: 


fraction 
0.021 
-- 
X lOO= -- 
X lOO= 0.19% 
BRTC 
11.021 


This error indicates that the baud rate signal generated 
by the BRG does not provide the exact frequency re- 
quired by the system. This error is more serious for 
smaller baud rate factors. For asynchronous systems, 
errors up to 5% are considered acceptable. 


Note that for BRTC = O. BRG output 
frequency 
= 1/4 
x 


Serial Clock 
Freq. 


Table I shows the BRTC for a 4 MHz serial clock with 
various baud rates on the Y-axis 
and baud rate factors 
on the X - axis. The constant that is really programmed 
into registers WRI2/WR13 
is the integer closest to the 
BRTC value shown in the table. 


Step 2: BRG Output 


The output of the BRG can be directed to the Receiver, 
Transmitter and the T~C 
output. This is programmed 
by setting bits D6 D5, bits D4 D3, and bits DI DO in 
register WR11 to 10. See Figure I. The output of the 
BRG can also be directed to the Digital Phase Locked 
Loop (DPLL) for the on-chip decoding of the NRZI 
encoded received data signal. This is done by writing 
lOOinto bits D7 D6 D5 of register WRI4 as shown in 
Figure 2. 


Step 3: BRG Source Clock 


Register WRI4 is used to select the input clock to the 
BRG. See Figure 2. 


10710610510.1031021011001 


~~ 


L 
BR GENERATOR 
ENABLE 
L 
BR GENERATOR 
SOURCE 


OTRlREQUEST 
FUNCTION 


AUTO ECHO 


LOCAL 
LOOPBACK 


0 
0 
0 


0 
0 
1 


0 
1 
0 


0 
1 
1 


1 
0 
0 


1 
0 
1 


1 
1 
0 


1 
1 
1 


NULL COMMAND 


ENTER SEARCH 
MOOE 


RESET MISSING 
CLOCK 


OISABLE 
OPLL 


SET SOURCE = BR GENERATOR 


SET SOURCE 
- 
RTxC 


SET FM MOOE 


SET NAZI MODE 
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Figure 2. Write Register 14 


WR 14/ bit DI = 0 ~ 
Clock comes from pin 
RTxC 


WR 14/ bit D I = I ~ 
Clock comes from System 
Clock (PCLK) 


'On RESET WRI4 / bit DI = O. 


It should be noted that for the case of Bit D I = 0, the 
clock comes either from; 


a. Clock on pin RTxC - if WR11 / D7 = 0 
or b. Crystal on pins RTxC & SYNC 
- ifWR11/ 
D7 = I 


Step 4: BRG Enable 


This is the last step where bit DOofWRI4 is set to start 
the BRG. The BRG can also be disabled by resetting 
this bit. 
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APPENDIX B 
MODEM CONTROL PINS ON THE 82530 


Introduction 


This article describes how the crs and CD pins on the 
82530 behave and how to write software to service 
these pins. The article explains when the External 
Status Interrupt occurs and how and when to issue the 
Reset External/Status 
Interrupt command to reliably 


determine the state of these pins. 


Bits D3 and D5 of~ster 
RRO show the inverted state 


of logic levels on CD and CTS pins respectively. It is 
important to note that the register RRO does not always 
reflect the current state of the CD and crs pins. When- 
ever a Reset External/Status 
Interrupt 
(RBSI) com- 
mand is issued, the (inverted) states of the CD and the 
CTS pins get updated and latched into the RRO register 
and the register, RRO then reflect the inverted state of 
the CD and CTS pins at the time of the write operation 
to the chip. On channel or chip reset, the inverted state 
of CD and crs pins get latched into RRO register. 


Normally, a transition on any of the pins does not nec- 
essarily change the corresponding bit(s) in RRO. In cer- 
tain situations it does and in some cases it does not. A 
sure way of knowing the current state of the pins is to 
read the register RRO after a RESI command. 


There are two cases: 
I. External/Status 
Interrupt (BSI) enabled. 


11.Polling (BSI disabled). 


Case I: External 
Status 
Interrupt 
(ESI) Enabled 


Whenever BSI is enabled, an interru~n 
occur when- 


ever there is a transition on CD or CTS pins - the lE 


bits for CD and/or CTS must also be set in WR15 for 
the interrupt to be enabled. 


In this case, the first transition on any of these pins will 
cause an interrupt to occur and the corresponding bit in 
RRO to change (even without the RESI command). A 
RESI command resets the interruptline 
and also latch- 
es in the current state of both the CD and the CTS pins. 
If there was just one transition the RESI does not really 
change the contents of RRO. 


If there are more than one transitions, either on the 
same pin or one each on both pins or multiple on both 
pins, the interrupt would get activated on the first tran- 
sition and stay active. The bit in RRO corresponding 
only to the very first transition is changed. All subse- 
quent transitions have no effect on RRO. The first tran- 
sition, in effect, freezes all changes in RRO. The first 
RESI command, as could be ex~ed, 
latches the final 


(inverted) state of the CD and CTS pins into the RRO 
register. Note that all the intermediate transitions on 
the pins are lost (because the response to the interrupt 
was not fast enough). The interrupt line gets reset for 
only a brief moment following the first RESI com- 
mand. This brief moment is approximately 500 ns for 
the 82530. After that the interrupt 
becomes active 


again. A second RESI command is necessary to reset 
the interrupt. Two RESI cominands resets the interrupt 
line independent of the number of transitions occurred. 


Whenever operating with BSI enabled, it is recom- 
mendable to issue two back-to-back RESI commands 
and then read the RRO~ster 
to reliably determine 


the state of the CD and CTS pins and also to reset the 
interrupt line in case multiple transitions may have oc- 
curred. 


RESET 
SUBSEQUENT 
TRANSITIONS 
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State 2 
Case 11:Polling RRO for CD and CTS Pins 


If RRO is polled for determining the state of the CD 
and crs pins, then the External/Status 
Interrupt (ESI) 
is kept disabled. In this case the bits in RRO may not 
change even for the first transition. The best way to 
handle this case to always issue a RESI command be- 
fore reading in the RRO register to determine the state 
of CD and CTS pins. Note, however, if two back-to- 
back RESI commands were to be issued every time be- 
fore reading in the RRO register, the first subsequent 
transition will change the corresponding bit in RRO. 


The state di~m 
above illustrates how each transition 
on CD and crs pins affect the 82530 and what effect 
the RESI command has. 


State 0 


It is entered on reset. No ESI due to crs or CD are 
pending in this state. Any transition on CTS or CD 
pins lead to the state 1 accompanied 
by an immedi- 
ate change in the RRO register. 


State 1 


Interrupt is active (if enabled). If a RESI command 
is issued, state 0 is reached where interrupt ~ain 
inactive. However, a further transition on crs or 
CD pin leads to state 2 without an immediate 
change 
in RRO register. 


Interrupt 
is active (if enabled). Any further tran- 
sitions have no effect. A RES! command leads to 
state 1, temporarily making the interrupt inactive. 


CONCLUSIONS 


Register RRO does not alw~ 
reflect the current (in- 
verted) state of the CD and crs pins. The most reliable 
way to determine the state of the pins in interrupt or 
polling mode is to issue two back-to-back RES! com- 
mands and then read RRO. While polling, the second 
RES! is redundant 
but harmless. When issuing the 
back-to-back RES! commands to 82530 note that the 
separation between the two write cycles should be at 
least 6 CLK + 200 ns; otherwise the second RES! will 
be ignored. 
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APPENDIX 
C ' 


THE 82530 SCC 
80186 INTERFACE 
AP BRIEF 


INTRODUCTION 
INTERFACE OVERVIEW 


The object of this document is to give the 82530 system 
designer an in-depth worst case design analysis of the 
typical interface to a 80186 based system. This docu- 
ment has been revised to include the new specifications 
for the 6 MHz 82530. The new specifications yield bet- 
ter margins and a 1 wait state interface to the CPU (2 
wait states are required for DMA cycles). These new 
specifications will appear in the 1987 data sheet and 
advanced specification information 
can be obtained 
from your local Intel sales office. The following analy- 
sis includes a discussion of how the interface TTL is 
utilized to meet the timing requirements of the 80186 
and the 82530. In addition, several optional interface 
configurations are also considered. 


The 82530 - 80186 interface requires the TTL circuitry 
illustrated in Figure 1. Using five 14 pin TTL packages, 
74LS74, 74AS74, 74AS08, 74AS04, and 74LS32, the 
following operational modes are supported: 


• Polled 
• Interrupt in vectored mode 
• Interrupt in non-vectored mode 
• Half-duplex DMA on both channels 
• Full-duplex DMA on channel A 


A brief description of the interface functional require- 
ments during the five possible BUS operations follows 
below. 
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Figure 2. 80186-82530 Interlace Read Cycle 
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Figure 3. 80186-82530 Interface Write Cycle 
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READ CYCLE: The 80186 read cycle requirements are 
met without any additional logic, Figure 2. At least one 
wait state is required to meet the 82530 tAD access 
time. 


WRITE CYCLE: The 82530 requires that data must be 
valid while the WR pulse is low,§ure 
3. AD 
Flip- 
Flop delays the leading edge of WR until the falling 
edge of CLOCKOUT 
when data is guaranteed valid 
and WR is guaranteed active. The CLOCKOUT signal 


is inverted to assure that WR is active low before the D 
Flip-Flop is clocked. No wait states are necessary to 
meet the 82530's WR cycle requirements, but one is 
assumed from the RD cycle. 


INTA CYCLE: During an interrupt acknowledge cy- 
cle, the 80186 provides two INTA pulses, one per bus 
cycle, separated by two idle states. The 82530 expects 
only one long INT A ~e 
with a RD pulse occurring 
only after the 82530 IEI/IEO 
daisy chain settles. As 
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Figure 4. 82530-801861NTA Cycle 


illustrated in Figure 4, the INT A signal is sampled on 
the rising edge of CLK (82530). Two D Flip-Flops and 
two TTL gates, U2 and U5, are implemented to gener- 
ate the proper INT A and RD pulses. Also, the INT 
signal is passively pulled high, through a 1 k resistor, 
and inverted through U3 to meet the 80186's active 
high requirement. 


DMA CYCLE: Conveniently, the 80186 DMA cycle 
timings are the same as generic read and write opera- 
tions. Therefore, with two wait states, only two modifi- 
cations to the DMA 
request signals are necessary. 
First, the RDYREQA 
signal is inverted tbrough U3 
similar to the INT signal, and second the DTR/REQA 
signal is conditioned through a D Flip-Flop to prevent 
inadvertent back to back DMA cycles. Because the 
82530 DTRJREQA 
signal remains active low for over 
five CLK (82530),s, an additional DMA cycle could 
occur. This uncertain condition is corrected when U4 
resets the DTRJREQ signal inactive high. Full Duplex 
on both DMA channels can easily be supported with 
one extra D Flip-Flop and an inverter. 


RESET: The 82530 does not have a dedicated RESET 
input. Instead, the simultaneous assertion of both RD 
and WR causes a hardware reset. This hardware reset 
is implemented through U2, U3, and U4. 


ALTERNATIVE 
INTERFACE 
CONFIGURATIONS 


Due to its wide range of applications, the 82530 inter- 
face can have many varying configurations. In most of 
these applications the supported modes of operation 


need not be as extensive as the typical interface used in 
this analysis. Two alternative configurations are dis- 
cussed below. 


8288 BUS CONTROLLER: 
An 80186 based system 
implementing an 8288 bus controller will not require 
the preconditioning of the WR signal through the D 
Flip-Flop U4. When utilizing an 8288, the control sig- 
nal IOWC does not go active until data is valid, there- 
fore, meeting the timing requirements of the 8Z~:::).In 
such a configuration, it will be necessary to logically 
OR the IOWC with reset to accommodate a hardware 
reset operation. 


NON-VECTORED 
INTERRUPTS: 
If the 82530 is to 


be operated in the non-vectored interrupt mode (B step 
only), the interface will not require UI or U5. Instead, 
INTA on the 82530 should be pulled high, and pin 3 of 
U2 (RD AND RESET) should be fed directly into the 
RD input of the SCC. 


Obviously, the amount of required interface logic is ap- 
plication dependent and in many cases can be consider- 
ably less than required by the typical configuration, 
supporting all modes of SCC operation. 


DESIGN ANAL VSIS 


This design analysis is for a typical microprocessor sys- 
tem, pictured in Figure 5. The Timing analysis assumes 
an 8 MHz 80186 and a 6 MHz 82530 being clocked at 
4 MHz. The 4 MHz clock is the 80186 CLKOUT di- 
vided by two by a flip-flop (U6). Also, included in the 
analysis are bus loading, and TTL-MOS compatibility 
considerations. 
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Figure 5. Typical 
Microprocessor 
System 


Bus Loading and Voltage Level 
Compatabilities 
TIMING 
ANAL VSIS 


Certain symbolic conventions are adhered to through- 
out the analysis below and are introduced for clarity. 
1. All timing variables with a lower case first letter are 
82530 timing requirements or responses (i.e., tRR). 


2. All timing variables with Upper case first letters are 
80186 timing responses or requirements unless pre- 
ceded by another device's alpha-numeric code (i.e., 
Tclcl or '373 Tpd). 


3. In the write cycle analysis, the timing 
variable 
TpdWR186-WR530 represents the propagation de- 
lay between the leading or trailin~ge 
of the WR 
signal leavingthe 80186 and the WR edge arrival at 
the 82530 WR input. 


The data and address lines do not exceed the drive ca- 
pability of either 80186 or the 82530. There are several 
control lines that drive more than one TTL equivalent 
input. The drive capability of these lines are detailed 
below. 


WR: The WE. signal drives U3 and U4. 


• 
101 (2.0 mAl > lil (-0.4 
mA + -0.5 
mAl 
loh (-400 
,...A) > lih (20,...A + 20,...A) 


PCS5:'The PCS5 signal drives U2 and U4. 


• 
101 (2.0 mAl > lil (-0.5 
mA + -0.5 
mAl 
loh (-400 
,...A) > lih (20,...A + 20,...A) 


INTA: The INTA signal drives 2(Ul) and U5. 
Read Cycle 


• 
101 (2.0 mAl > lil (-0.4 
mA + -0.8 
mA + -0.4 
mAl 
loh (-400 
,...A) > lih (2O,...A + 40,...A + 20 ,...A) 


1. tAR: Address valid to RD active set up time for the 
82530. Since the propagation delay is the worst case 
path in the assumed typical system, the margin is calcu- 
lated only for a propagation delay constrained and not 
an ALE limited path. The spec value is 0 ns minimum. 
All the 82530 I/O pins are TTL voltage level compati- 
ble. 


• 
1 Tclcl 
- 
Tclav(max) 
- 
'245 Tpd(max) 
+ Tclrl(min) 
+ 
2(U2) Tpd(min) 
- 
tAR(min) 


= 125 - 
55 - 
20.8 + 10 + 2(2) 
- 
0 = 63.2 ns margin 
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2. tRA: 
Address 
to RD 
inactive 
hold 
time. 
The ALE 
delay is the worst case path and the 82530 requires 
0 ns 
minimum. 


• 
1 Tclcl - Tclrh (max) + Tchlh(min) + '373 LE 
Tpd(min) - 
2(U2) Tpd(max) 


= 55 - 
55 + 5 + 8 - 
2(5.5) = 2 ns margin 


3. tCLR: 
CS active low to RD active low set up time. 


The 82530 spec value is 0 ns minimum. 


• 
1 TcIcI - Tclcsv(max) 
- Tclrl(min) - 
U2 
skew(RD - CS) + U2 Tpd(min) 


= 125 - 66 - 
10 - 
1 + 2 = 50 ns margin 


4. tRCS: 
RD 
inactive 
to CS inactive 
hold 
time. 
The 
82530 spec calls for 0 ns minimum. 


• 
Tcscsx(min) 
- 
U2 skew(RD - CS) - 
U2 Tpd(max) 


= 35 - 
1 - 
5.5 = 28.5 ns margin 


5. tCHR: 
CS inactive 
to RD 
active 
set up time. 
The 
82530 requires 
5 ns minimum. 


• 
1 Tclcl + 1 Tchcl - 
Tchcsx(max) + Tclrl(min) - 
U2 
skew (RD - CS) + U2 Tpd(min) -: tCHR 


= 125 + 55 - 
35 - 
10 - 
1 + 2 - 
5 = 131 ns margin 


6. tRR: RD pulse active low time. One 80186 wait state 
is included 
to meet the 150 ns minimum 
timing 
require- 
ments 
of the 82530. 


• 
Trlrh(min) + 1(Tclclwait state) 
- 
2(U2 skew) - 
tRR 


= (250-50) 
+ 1(125) - 
2(1) - 
150 = 173 ns margin 


7. tRDV: 
RD active low to data valid maximum 
delay 
for 80186 read data 
set up time (Tdvcl 
= 20 ns). The 
margin 
is calculated 
on 
the 
Propagation 
delay 
path 
(worst 
case). 


• 
2 Tclcl + 1(Tclclwait state) 
- Tclrl(max) - 
Tdvcl(min) 


- 
'245 Tpd(max) - 
82530 tRDV(max) - 
2(U2) Tpd(max) 


= 2(125) + 1(125) - 
70 - 
20 - 
14.2 - 
105 - 
2(5.5) 
= 154 ns margin 


8. tDF: 
RD 
inactive 
to data 
output 
float 
delay. 
The 
margin 
is calculated 
to DEN 
active low of next cycle. 


• 
2 Tclcl + Tclch(min) - 
Tclrh(max) + Tchctv(min) - 


2(U2) Tpd(max) - 
82530 tDF(max) 


= 250 + 55 -55 
+ 10 - 
11 - 
70 = 179 ns margin 


9. tAD: Address 
required 
valid to read data valid maxi- 
mum delay. The 82530 spec value is 325 ns maximum. 


• 
3 TcIcI + 1(Tclclwait state) 
- 
Tclav(max) - 
'373 
Tpd(max) - 
'245 Tpd - 
Tdvcl(min) - 
tAD 


= 375 + 125 - 
55 - 
20.8 -14.2 
- 
20 -325 
= 65 ns 
margin 


Write Cycle 


1. tAW: 
Address 
required 
valid 
to WR active 
low set 
up time. The 82530 spec is 0 ns minimum. 


• 
Tclcl - 
Tclav(max) - 
Tcvctv(min) - 
'373 Tpd(max) 


+ TpdWR186 - 
WR530(LOW) [Tclcl - 
Tcvctv(min) + 
U3 Tpd(min) + U4 Tpd(min)) - 
tAW 


= 125 - 
55 - 
5 - 
20.8 + [125 - 
5 + 1 + 4.41 - 
0 
= 170.6 ns margin 


2. tW A: WR inactive 
to address 
invalid 
hold time. The 
82530 spec is 0 ns. 


• 
Tclch(min) - 
Tcvctx(max) + Tchlh(min) + '373 LE 
Tpd(min) - 
TpdWR186=WR530(HIGH) 
[U2 Tpd(max) + 


U3 Tpd(max) + U4 Tpd(max)) 


= 55 - 
55 + 5 + 8 - 
[5.5 + 3 + 7.11 = 
-2.6 
ns 
margin 


3. tCLW: 
Chip select active low to WR active low hold 
time. The 82530 spec is 0 ns. 


• 
1 Tclcl - 
Tclcsv(max) + Tcvctv(min) - 
U2 Tpd(max) 
+ TpdWR186=WR530(LOW) 
[Tclcl - 
Tcvctv(min) + U3 
Tpd(min) + U4 Tpd(min)) 


= 125 - 
66 + 5 - 
5.5 + [125 - 
5 + 1 + 4.41 = 


183.9 ns margin 


4. tWCS: 
WR invalid 
to Chip Select invalid 
hold time. 


82530 spec is 0 ns. 


• 
Tcxcsx(min) - 
U2 Tpd(max) - 
TpdWR186=WR530(HIGH) 
[U2 Tpd(max) + U3 
Tpd(max) + U4 Tpd(max)) 


= 35 + 1.5 - 
[5.5 + 3 + 7.11 = 20.9 ns margin 


5. tCHW: 
Chip Select inactive 
high to WR active 
low 
set up time. The 82530 spec is 5 ns. 


• 
1 Tclcl + Tchcl(min) + Tcvctv(min) - Tchcsx(max) 
- 
U2 Tpd(max) + TpdWR186=WR530(LOW) 
[Tclcl - 
Tcvctv(min) + U3 Tpd(min) + U4 Tpd(min)) - 
tCHW 


= 125 + 55 + 5 - 
35 - 
5.5 + [125 -5 
+ 1 + 4.41 - 
5 = 264 ns margin 


6. tWW: 
WR active 
low pulse. 
82530 requires 
a mini- 
mum of 60 ns from the falling to the rising edge of WR. 
This includes 
one wait state. 
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• 
Twlwh [2Tclcl - 
40] + 1 (Tclclwait state) - 
TpdWRI 
186-WR530(lOW) 
[Tclcl - Tcvctv(min) + U3 Tpd(max) 


+ U4 Tpd(max)] + TpdWR/186=WR/530(HIGH) 
[U2 
Tpd(min) U3 Tpd(min) + U4 Tpd(min)] - 
tWW 


= 210 + 1(125) - 
[125 - 
5 + 4.5 + 9.2] - 
[1.5 + 1 
+ 3.2] - 
60 = 135.6 ns margin 


7. tOW: 
Data 
valid to WR active 
low setup 
time. The 
82530 spec requires 
0 ns. 


• 
Tcvctv(min) - Tcldv(max) - 
'245 Tpd(max) + 
TpdWR186-WR530(lOW) 
[Tclcl - 
Tcvctv(min) + U3 
Tpd(min) + U4 Tpd(min)] 


= 5 - 
44 - 
14.2 + 125 - 
5 + 1.0 + 4.4 = 72.2 ns 
margin 


8. tWO: Data valid to WR inactive 
high hold time. The 
82530 requires 
a hold time of 0 ns. 


• 
Tclch - 
skew (Tcvctx(max) + Tcvctx(min)l + '245 
OE Tpd(min) - 
TpdWR186-WR530(HIGH) 
[U2 Tpd(max) 


+ U3 Tpd(max) + U4 Tpd(max)] 


= 55 - 
5 + 11.25 - 
[5.5 + 3.0 + 7.1] = -50.6 
ns 
margin 


INTACycle: 


1. tIC: This 82530 spec implies that the INTA 
signal is 
latched 
internally 
on the rising 
edge of CLK 
(82530). 


Therefore 
the maximum 
delay 
between 
the 
80186 
as- 


serting 
INTA 
active low or inactive 
high and the 82530 
internally 
recognizing 
the 
new 
state 
of INT A is the 
propagation 
delay through 
UI plus the 82530 CLK 
pe- 
riod. 


• 
U1 Tpd(max) + 82530 ClK period 


= 45 + 250 = 295 ns 


2. tCl: 
rising 
edge of CLK 
to INT A hold 
time. 
This 
spec requires 
that the state of INT A remains 
constant 
for lOOns 
after the rising edge of CLK. 
If this spec is 


violated 
any change 
in the state 
of INT A may not be 
internally 
latched 
in the 82530. tCI becomes 
critical 
at 


the end of an INTA 
cycle when 
INTA 
goes inactive. 


When 
calculating 
margins 
with 
tCI, 
an extra 
82530 
CLK 
period must be added to the INT A inactive 
delay. 


3. tIW: 
INTA 
inactive 
high 
to WR 
active 
low mini- 
mum 
setup 
time. The spec pertains 
only to 82530 WR 
cycle and has a value of 55 ns. The margin 
is calculated 
assuming 
an 82530 WR cycle occurs 
immediately 
after 
an 
INT A cycle. 
Since 
the 
CPU 
cycles 
following 
an 
82530 INTA 
cycle are devoted 
to locating 
and execut- 
ing the proper 
interrupt 
service 
routine, 
this condition 


should 
never exist. 82530 drivers 
should 
insure 
that 
at 
least one CPU 
cycle separates 
INT A and WR 
or RD 
cycles. 


4. tWI: 
WR 
inactive 
high 
to INT A active 
low mini- 
mum 
hold 
time. 
The 
spec is 0 ns and the margin 
as- 
sumes CLK 
coincident 
with INT A. 


• Tclcl - Tcvctx(max) - 
TpdWR186 - 
WR530(HIGH) 
[U3 Tpd(max) + U4 Tpd(max)] + Tcvctv(min) + U1 
Tpd(min) 


= 125 - 
55 - 
[5.5 + 3 + 7.1] + 5 + 10 = 69.4 ns 
margin 


5. tIR: INTA 
inactive 
high to RD active low minimum 
setup time. This spec pertains 
only to 82530 RD cycles 
and has a value of 55 ns. The margin 
is calculated 
in 
the same manner 
as tIW. 


6. tRI: RD inactive 
high to INT A active low minimum 
hold 
time. 
The 
spec is 0 ns and 
the 
margin 
assumes 
CLK 
coincident 
with INT A. 


• 
Tclcl - Tclrh(max) - 
2 U2 Tpd(max) + Tcvctv(min) 
+ U1 Tpd(min) 


= 125 - 
55 - 
2(5.5) + 5 + 10 = 74 ns margin 


7. tlID: 
INTA 
active 
low to RD 
active 
low minimum 
setup 
time. 
This 
parameter 
is system 
dependent. 
For 
any SCC in the daisy chain, 
tIlD 
must be greater 
than 
the sum of tCEQ 
for the highest 
priority 
device in the 
daisy chain, 
tEI for this particular 
SCC, and tEIEO 
for 
each 
device 
separating 
them 
in the 
daisy 
chain. 
The 
typical 
system 
with 
only 
I SCC 
requires 
tIlD 
to be 
greater 
than 
tCEQ. 
Since tEI occurs 
coincidently 
with 
tCEQ 
and it is smaller 
it can be neglected. 
Additional- 
ly, tElEO 
does not have any relevance 
to a system with 
only one SCC. Therefore 
tIlD 
> tCEQ 
= 250 ns. 


• 
4 Tclcl + 2 Tidle states 
- Tcvctv(max) 
- tiC [U1 
Tpd(max) + 82530 ClK period] + Tcvctv(min) + U5 
Tpd(min) + U2 Tpd(min) - 
tllD 


= 500 + 250 - 
70 - 
[45 + 250] + 5 + 6 + 2 - 
250 


= 148 ns margin 


8. tIDY: 
RD active low to interrupt 
vector 
valid delay. 
The 
80186 expects 
the interrupt 
vector 
to be valid 
on 


the data bus a minimum 
of 20 ns before T4 of the sec- 
ond 
acknowledge 
cycle 
(Tdvcl). 
tIDY 
spec is 100 ns 
maximum. 


• 
3 Tclcl - Tcvctv(max) - 
U5 Tpd(max) - 
U2 
Tpd(max) - 
tIDV(max) - 
'245 Tpd(max) - Tdvcl(min) 


= 375 - 
70 - 
25 - 
5.5 - 
100 - 
14.2 - 
20 = 140.3 
ns margin 
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9. tll: RD pulse low time. The 82530 requires a mini- 
mum of 125 ns. 


• 
3 TcIcI- Tcvctv(max)- U5Tpd(max)- U2 
Tpd(max)+ Tcvctx(min)+ U5Tpd(min)+ U2Tpd(min) 
- tll(min) 


= 375 - 70 - 25 - 5.5 + 5 + 6 + 1.5 - 125 = 
162 ns margin 


DMACycle 


Fortunately, the 80186 DMA controller emulates CPU 
read and write cycle operation during DMA transfers. 
The DMA transfer timings are satisfied using the above 
analysis. Because of the 80186 DMA request input re- 
quirements, two wait states are necess~o 
prevent 
inadvertent DMA cycles. There are also CPUDMA in- 
tracycle timing considerations 
that 
need to be ad- 
dressed. 


I. tDRD: RD inactive high to DTRREQ (REQUEST) 
inactive high delay. Unlike the READYREQ 
signal, 
DTRREQ 
does not immediately go inactive after the 
requested DMA transfer begins. Instead, the DTRREQ 
remains active for a maximum of 5 tCY + 300 ns. This 
delayed request pulse could ·trigger a second DMA 
transfer. To avoid this undesirable condition, a D Flip 
Flop is implemented to reset the DTRREQ signal inac- 
tive low following the initiation of the requested DMA 
transfer. To determine if back to back DMA transfers 
are required in a source synchronized configuration, 
the 80186 DMA controller samples the service request 
line 25 ns before T1 of the deposit cycle, the second 
cycle of the transfer. 


• 
4 Tclcl - Tclcsv(max)- U4Tpd(max)- Tdrqcl(min) 


= 500 - 66 - 10.5 - 25 = 398.5 ns margin 


2. tRRI: 82530 RD active low to REQ inactive high 
delay. Assuming source synchronized DMA transfer, 
the 80186 requires only one wait state to meet the tRRI 
spec of 200 ns. Two are included for consistency with 
tWRI. 


• 
2 Tclcl + 2(Tclclwaitstate) - Tclrl(max)- 2(U2) 
Tpd(max)- Tdrqcl - tRRI 


=2(125) + 2(125) - 70 - 2(5.5) - 200 = 219 ns 
margin 


3. tWRI: 82530 WR active low to REQ inactive high 
delay. Assuming destination synchronized DMA trans- 
fers, the 80186 needs two wait states to meet the tWRI 
spec. This is because the 80186 DMA controller sam- 
ples requests two clocks before the end of the deposit 
cycle. This leaves only 1 Tclcl + n(wait states) minus 
WR active delay for the 82530 to inactivate its REQ 
signal. 


• 
TcIcI+ 2(Tclclwaitstate) - Tcvctv(min)- 


TpdWR186-WR530(LOW)[Tclcl- Tcvctv(min)+ U3 
Tpd(max)+ U4Tpd(max)]- Tdrqcl - tWRI 


=375 - 5 - [125 - 5 + 4.5 + 9.21 - 25 - 200 = 
11.3 ns margin 


NOTE: 
If one wait state DMA interface is required, external 
logic, like that used on the DTRREQ 
signal, can be 
used to force the 82530 REQ signal inactive. 


4. tREC: CLK recovery time. Due to the internal data 
path, a recovery period is required between SCC bus 
transactions to resolve metastable conditions internal to 
the SCC. The DMA request lines are masked from re- 
questing service until after the tREC has- elapsed. In 
addition, the CPU should not be allowed to violate this 
recovery period when interleaving DMA transfers and 
CPU bus cycles. Software drivers or external logic 
should orchestrate the CPU and DMA controller oper- 
ation to prevent tREC violation. In this example cir- 
cuit, tREC could be improved by clocking the '530 with 
a 6 MHz clock. 


Reset Operation 


During hardware reset, the system RESET signal is as- 
serted high for a minimum of four 80186 clock cycles 
(1000 ns). The 82530 requires WR and RD to be simul- 
taneously asserted low for a minimum of 250 ns. 


• 
4 Tclcl - U3 Tpd(max)~ 2(U2)Tpd(max)+ U4 
Tpd(min)- tREe 


= 1000 - 17.5 - 2(5.5) + 3.5 - 250 ns = 725 ns 
margin 


82530 VALID 
ACCESS 
LOGIC 


Due to the unique internal data path of the 82530, an 
intra-access recovery time must be provided to settle 
any internal metastable conditions. This internal me- 
-tastble condition 
gives rise to the Clock Recovery 
{tREC] specification required by the 82530. This tREC 
is measured from the risin~ge 
of a RD or WR to the 


falling edge of the next RD or WR intended for the 
82530, and equates to 6 CLK's + 130 ns. Effectively, 
this specification implies that the system must provide 
1130 ns (6 MHz 82530) between every CPU or other 
DMA access to the 82530. (Figure I.) 


Systems that only allow CPU access to the 82530 are 
not significantly impacted by this clock recovery time. 
In CPU access only designs, the software designer can 
insert NOP's to guarantee the tREC idle time in be- 
tween successive CPU RD or WR cycles to the 82530. 
Unfortunately, systems that contain more than one di- 
rect memory access device, interfacing with the 82530, 
will require external hardware to arbitrate 82530 ac- 
cesses and thereby guaranteeing the tREC restriction. 
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Figure 6 


The TTL logic pictured in Figure 7 implements the 
state machine with some assorted gates, a flip-flop, and 
a shift register. PCS from the 80186 should be qualified 
with RD + WR to eliminate switching glitches during 
Tl. The 'LS74 and 'LSOOperform rising edge detection 
to reset the shift register. The shift register clocks out 
the tREC period to enable CS and the additional 2 
CLK's 
[82530I to satisfy the 82530 3 wait state re- 
quirement. The 80186 should be programmed to use 
the internal wait state generator [3 wait states for the 
82530 and an 8 MHz 801861 and the external READY 
signal. 


To accommodate this clock recovery specification, ex- 
ternal hardware has been designed for the 82530 sys- 
tems containing several DMA devices accessing the 
82530 (ie., a CPU and a DMA controller). This logic 
has been tailored for an 80186 environment but can 
easily be modified to fit 8086 or 80286 systems. 


LOGIC STATE 
MACHINE 


There are two basic functions that need to be per- 
formed by the external logic. The first is to mask the CS 
signal from reaching the 82530 until the tREC intra-ac- 
cess idle time has elapsed. The second task is to gener- 
ate a not ready condition to the CPU or DMA device 
until the tREC period has expired and the minimum 
wait state requirement 
for the particular 
access has 
been satisfied. The simple state machine, Figure 7, illus- 
trates the required operation. 


Note of caution: This hardware logic has not been veri- 
fied on a bread board in an actual system. The hard- 
ware designer should verify that this logic fulfills his 
particular system timing requirements. 
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Other Components 
3 


• 


• 
Service 
Request, 
Parallel Poll, Device 
Clear, Device Trigger, 
Remote/Local 
Functions 


• 
Selectable 
Interrupts 


• 
On-Chip 
Primary and Secondary 
Address 
Recognition 


• 
Automatic 
Handling of Addressing 
and 
Handshake 
Protocol 


• 
Provision 
for Software 
Implementation 
of Additional 
Features 


----r 
-~ -- 
~---- 
----- 


Either as a Major or a Minor Talker/ 
Listener 
with Primary or Secondary 
Addressing 


• 
DMA Handshake 
Provision 
Allows for 
Bus Transfers 
without 
CPU Intervention 


• 
Trigger 
Output 
Pin 


• 
On-Chip 
EOS (End of Sequence) 
Message 
Recognition 
Facilitates 
Handling of MUlti-Byte 
Transfers 


The 8291A is an enhanced 
version of the 8291 GPIB Talker/Listener 
designed 
to interface 
microprocessors 
to 
an IEEE Standard 
488 Instrumentation 
Interface 
Bus. It implements 
all of the Standard's 
interface 
functions 
except 
for the controller. 
The controller 
function 
can be added with the 8292 GPIB Controller, 
and the 8293 
GPIB Transceiver 
performs 
the electrical 
interface 
for Talker/Listener 
and Talker/Listener/Controller 
configu- 
rations. 
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8291A 
FEATURES 
AND 
IMPROVEMENTS 


The 8291A is an improved design of the 8291 GPIB 
Talker/Listener. Most of the functions are identical 
to the 8291, and the pin configuration is unchanged. 


The 8291A offers the following improvements to the 
8291: 


1. EOI is active with the data as a ninth data bit rath- 
er than as a control bit. This is to comply with 
some additions to the 1975 IEEE-488 Standard 
incorporated in the 1978 Standard. 
2. The BO interrupt is not asserted until RFD is true. 
If the Controller asserts ATN synchronously, the 
data is guaranteed to be transmitted. If the Con- 
troller 
asserts 
ATN 
asynchronously, 
the 
SH 
(Source Handshake) will return to SIDS (Source 
Idle State), and the output data will be cleared. 
Then, if ATN is released while the 8291A is ad- 
dressed to talk, a new BO interrupt will be gener- 
ated. This change fixes 8291 problems which 
caused data to be lost or repeated and a problem 
with the RQS bit (sometimes cannot be asserted 
while talking). 
3. llOC 
and REMC interrupts are setting flipflops 
rather than toggling flipflops in the interrupt back- 
up register. This ensures that the CPU knows that 
these state changes have occurred. The actual 
state can be determined by checking the llO 
and 
REM status bits in the upper nibble of the Inter- 
rupt Status 2 Register. 


4. DREQ is cleared by DACK (RD + WR). DREQ on 
the 8291 was cleared only by DACK which is not 
compatible with the 8089 I/O Processor. 


5. The INT bit in Interrupt Status 2 Register is dupli- 
cated in bit 7 of the Address 0 Register. If soft- 
ware polling is used to check for an interrupt, INT 
in the Address 0 Register should be polled rather 
than the Interrupt Status 2 Register. This ensures 
that no interrupts are lost due to asynchronous 
status reads and interrupts. 
6. The 8291A's Send EOI Auxiliary Command works 
on any byte including the first byte of a message. 
The 8291 did not assert EOI after this command 
for a one byte message nor on two consecutive 
bytes. 


7. To avoid confusion between holdoff on DAV ver- 
sus RFD if a device is readdressed from a talker 


to a listener role or vice-versa during a holdoff, 
the "Holdoff on Source Handshake" has been 
eliminated. Only "Holdoff 
on Acceptor 
Hand- 
shake" is available. 
8. The rsv local message is cleared automatically 
upon exit from SPAS if (APRS:STRS:SPAS) oc- 
curred. The automatic resetting of the bit after the 
serial poll is complete simplifies the service re- 
quest software. 


9. The SPASC interrupt on the 8291 has been re- 
placed by the SPC (Serial Poll Complete) interrupt 
on the 8291A. SPC interrupt is set on exit from 
SPAS if APRS:STRS:SPAS occurred, indicating 
that the controller has read the bus status byte 
after the 8291A requested service. The SPASC 
interrupt was ambiguous because a controller 
could enter SPAS and exit SPAS generating two 
SPASC interrupts without reading the serial poll 
status byte. The SPC interrupt also simplifies the 
CPU's software by eliminating the interrupt when 
the serial poll is half way done. 
10. The rtl Auxiliary Command in the 8291 has been 
replaced by Set and Clear rtl Commands in the 
8291A. Using the new commands, the CPU has 
the flexibility to extend the length of local mode 
or leave it as a short pulse as in the 8291. 
11. A holdoff RFD on GET, SDC, and DCl feature 
has been added to prevent additional bus activi- 
ty while the CPU is responding to any of these 
commands. The feature is enabled by a new bit 
(B4) in the Auxiliary Register B. 
12. On the 8291, BO could cease to occur upon IFC 
going false if TFC occurred asynchronously. On 
the 8291A, BO continues to occur after IFC has 
gone false even if it arrived asynchronously. 
13. User's software can distinguish between the 
8291 and the 8291A as follows: 
a) pon (OOHto register 5) 
b) RESET (02H to register 5) 
c) Read Interrupt Status 1 Register. If BO inter- 
rupt is set, the device is the 8291. If BO is 
clear, it is the 8291A. 


This can be used to set a flag in the user's soft- 
ware which will permit special routines to be exe- 
cuted for each device. It could be included as 
part of a normal initialization procedure as the 
first step after a chip reset. 
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Table 1. Pin Description 


Symbol 
Pin 
Type 
Name and Function 
No. 


Do-D7 
12-19 
1/0 
DATA BUS PORT: To be connected 
to microprocessor 
data 
bus. 


RSO-RS2 
21-23 
I 
REGISTER 
SELECT: Inputs, to be connected 
to three 
nonmultiplexed 
microprocessor 
address bus lines. Select 
which of the 8 internal read (write) ~isters 
will be read from 
(written into) with the execution 
of RD (WR). 


CS 
8 
I 
CHIP SELECT: When low, enables 
reading from or writing into 
the register selected 
by RSO-RS2. 


RD 
9 
I 
READ STROBE: When low with CS or DACK low, selected 
register contents 
are read. 


WR 
10 
I 
WRITE STROBE: When low with CS or DACK low, data is 
written into the selected 
register. 


INT(INT) 
11 
0 
INTERRUPT 
REQUEST: To the microprocessor, 
set high for 
request and cleared when the appropriate 
register is 
accessed 
by the CPU. May be software 
configured 
to be 
active low. 


DREQ 
6 
0 
DMA REQUEST: 
Normally 
low, set high to indicate 
byte 
output or byte input in DMA mode; reset by DACK. 


DACK 
7 
I 
DMA ACKNOWLEDGE: 
When low, resets DREQ and selects 
data inldata 
out register for DMA data transfer 
(actual transfer 
done by RD/WR 
pulse). 
Must be high if DMA is not used. 


TRIG 
5 
0 
TRIGGER 
OUTPUT: 
Normally 
low; generates 
a triggering 
pulse with 1 IJosecmin. width in response 
to the GET bus 
command 
or Trigger auxiliary command. 


CLOCK 
3 
I 
EXTERNAL 
CLOCK: Input, used only for T, delay generator. 


May be any speed in 1-8 MHz range. 


RESET 
4 
I 
RESET INPUT: When high, forces the device into an "idle" 
(initialization) 
mode. The device will remain at "idle" 
until 
released 
by the microprocessor, 
with the "Immediate 
Execute 
pon" local message. 


D101-D108 
28-35 
1/0 
8-BIT GPIB OAT A PORT: Used for bidirectional 
data byte 
transfer 
between 8291A and GPIS via non-inverting 
external 
line transceivers. 


DAV 
36 
1/0 
DATA VALID: GPIS handshake 
control 
line. Indicates the 
availability 
and validity of information 
on the D101-OO8 
and 
EOllines. 


NRFD 
37 
1/0 
NOT READY FOR DATA: GPIS handshake 
control 
line. 
Indicates the condition 
of readiness 
of device(s) 
connected 
to 
the bus to accept data. 


NDAC 
38 
1/0 
NOT DATA ACCEPTED: 
GPIS handshake 
control 
line. 


Indicates the condition 
of acceptance 
of data by the device(s) 
connected 
to the bus. 


ATN 
26 
I 
ATTENTION: 
GPIS command 
line. Specifies 
how data on DIO 
lines are to be interpreted. 
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Table 1. Pin Description 
(Continued) 


Pin 
, 


Symbol 
No. 
Type 
Name and Function 


IFC 
24 
I 
INTERFACE 
CLEAR: GPIS command 
line. Places the 
interface 
functions 
in a known quiescent 
state. 


SRQ 
27 
0 
SERVICE 
REQUEST: 
GPIS command 
line. Indicates 
the need 
for attention 
and requests 
an interruption 
of the current 
sequence 
of events on the GPIS. 


REN 
25 
I 
REMOTE 
ENABLE: GPIS command 
line. Selects 
(in 
conjunction 
with other messages) 
remote or local control 
of 
the device. 


EOI 
39 
I/O 
END OR IDENTITY: 
GPIS command 
line. Indicates 
the end of 
a multiple byte transfer 
sequence 
or, in conjunction 
with ATN, 


addresses 
the device during a polling sequence. 


T/R1 
1 
0 
EXTERNAL 
TRANSCEIVERS 
CONTROL 
LINE: Set high to 
indicate output data/signals 
on the 0101-0108 and DAV lines 


:i 
and input signals on the NRFD and NDAC lines (active source 
handshake). 
Set low to indicate 
input data/signals 
on the 
0101-0108 and DAV lines and output signals on the NRFD 
and NDAC lines (active acceptor 
handshake). 


T/R2 
2 
0 
EXTERNAL 
TRANSCEIVERS 
CONTROL 
LINE: Set to 
indicate output signals on the EOI line. Set low to indicate 
expected 
input signal on the EOI line during parallel poll. 


Vcc 
40 
P.S. 
POSITIVE 
POWER SUPPLY: (5V ± 10%). 


GND 
20 
P.S. 
CIRCUIT 
GROUND 
POTENTIAL. 


NOTE: 
All signals on the 8291A pins are specified with positive lo~ 
However, IEEE 488 specifies negative logic on its 16 signal 


lines. Thus, the data is inverted once from 00-07 
to 0100-008 
and non-inverting bus transceivers should be used. 
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Figure 3. 8291A System 
Diagram 
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THE GENERAL PURPOSE INTERFACE 
BUS (GPIB) 


The General Purpose Interface Bus (GPIB) is de- 
fined in the IEEE Standard 488-1978 "Digital Inter- 
face for Programmable Instrumentation." Although a 
knowledge of this standard is assumed, Figure 4 
provides the bus structure for quick reference. Also, 
Tables 2 and 3 reference the interface state mne- 
monics and the interface messages respectively. 
Modified state diagrams for the 8291A are present- 
ed in Appendix A. 


General Description 


The 8291A is a microprocessor-controlled device 
designed 
to 
interface 
microprocessors, 
e.g., 


8048/49, 8051, 8080/85, 8086/88 to the GPIB. It 
implements all of the interface functions defined in 
the IEEE-488 Standard except for the controller. 
function. If an implementation of the Standard's 
Controller is desired, it can be connected with an 
Intel® 8292 to form a complete interface. 


The 8291A handles communication between a mi- 
croprocessor-controlled device and the GPIB. Its ca- 
pabilities include data transfer, handshake protocol,' 
talker/listener addressing procedures, device clear- 
ing and triggering, service request, and both serial 
and parallel polling. In most procedures, it does not 
disturb the microprocessor unless a byte has arrived 
(input buffer full) or has to be sent out (output buffer 
empty). 
. 


The 8291A architecture includes 16 registers. Eight 
of these registers may be written into by the micro- 
processor. The other eight registers may be read by 
the microprocessor. One each of these read and 
write registers is for direct data transfers. The rest of 
the write registers control the various features of the 
chip, while the rest of the read registers provide the 
microprocessor with a monitor of GPIB states, vari- 
ous bus conditions, and device conditions. 


GPIB Addressing 


Each device connected to the GPIS must have at 
least one address whereby the controller device in 
charge of the bus can configure it to talk, listen, or 


send status. An 8291A implementation of the GPIB 
offers the user three alternative addressing modes 
for which the device can be initialized for each appli- 
cation. The first of these modes allows for the de- 
vice to have two separate primary addresses. The 
second mode allows the user to implement a single 
talker/listener with a two byte address (primary ad- 
dress + secondary address). The third mode again 
allows for two distinct addresses but in this instance, 
they can each have a ten-bit address (5 low-order 
bits of each of two bytes). However, this mode re- 
quires that the secondary addresses be passed to 
the microprocessor for verification. These three ad- 
dressing schemes are described in more detail in 
the discussion of the Address Registers. 
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Table 
2. IEEE 488 Interface 
State 
Mnemonics 


Mnemonic 
State Represented 


ACDS 
Accept Data State 
ACRS 
Acceptor 
Ready State 
AIDS 
Acceptor 
Idle State 
ANRS 
Acceptor 
Not Ready State 
APRS 
Affirmative 
Poll Response State- 


AWNS 
Acceptor Wait for New Cycle State 
CACS 
Controller Active State 
CADS 
Controller Addressed 
State 


CAWS 
Controller Active Wait State 


CIDS 
Controller 
Idle State 
CPPS 
Controller 
Parallell Poll State 
CPWS 
Controller 
Parallel Poll Wait State 
CSBS 
Controller 
Standby State 
CSNS 
Controller Service Not Requested State 


CSRS 
Controller Service Requested State 


CSWS 
Controller Synchronous 
Wait State 
CTRS 
Controller Transfer State 
DCAS 
Device Clear Active State 
DCIS 
Device Clear Idle State 
DTAS 
Device Trigger Active State 
DTIS 
Device Trigger Idle State 
LACS 
Listener Active State 
LADS 
Listener Addressed 
State 
LIDS 
Listener Idle State 
LOCS 
Local State 
LPAS 
Listener Primary Addressed 
State 
LPIS 
Listener Primary Idle State 
LWLS 
Local With Lockout State 
NPRS 
Negative Poll Response State 
PACS 
Parallel Poll Addressed to Configure 
State 
PPAS 
Parallel Poll Active State 
PPIS 
Parallel Poll Idle State 


The Controller function is implemented on the Intel~ 8292. 


Mnemonic 
State Represented 


PPSS 
Parallel Poll Standby State 
PUCS 
Parallel Poll Unaddressed 
to Configure 
State 
REMS 
Remote State 
RWLS 
Remote With Lockout State 
SACS 
System Control Active State 
SDYS 
Source Delay State 
SGNS 
Source Generate State 
SIAS 
System Control Interface Clear Active 
State 
SIDS 
Source Idle State 
SIIS 
System Control Interface Clear Idle 
State 
SINS 
System Control Interface Clear Not 
Active State 
SIWS 
Source Idle Wait State 
SNAS 
System Control Not Active State 
SPAS 
Serial Poll Active State 
SPIS 
Serial Poll Idle State 
SPMS 
Serial Poll Mode State 
SRAS 
System Control Remote Enable Active 
State 
SRIS 
System Control Remote Enable Idle 
State 
SRNS 
System Control Remote Enable Not 
Active State 
SROS 
Service Request State 
STRS 
Source Transfer State 
SWNS 
Source Wait for New Cycle State 
TACS 
Talker Active State 
TADS 
Talker Addressed 
State 
TIDS 
Talker Idle State 
TPIS 
Talker Primary Idle State 


Mnemonic 
Message 


Table 
3. IEEE 488 Interface 
Message 
Reference 
List 


Interface 
Function(s) 


LOCAL MESSAGES RECEIVED (By Interface Functions) 
gtS(1) 


ist 
Ion 
Ipe 
nba 
pon 
rdy 
rpp(1) 
rsC(1) 


rsv 
rtl 
sic(1) 
sre(1) 
tca(1) 


go to standby 
individual status 
listen only 
local poll enable 
new byte available 
power on 
ready 
request parallel poll 
request system control 
request service 
return to local 
send interface clear 
send remote enable 
take control asynchronously 


C 
PP 
L, LE 
PP 
SH 
SH,AH,T,TE,L,LE,SR,RL,PP,C 
AH 
C 
C 
SR 
RL 
C 
C 
C 
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Table 3. IEEE 488 Interface Message Reference List (Continued) 


Mnemonic 
Message 
Interface Function(s) 


tcS(1) 
take control synchronously 
ton 
talk only 
REMOTE MESSAGESRECEIVED 
ATN 
Attention 
DAB 
. Data Byte 
DAC 
Data Accepted 
DAV 
Data Valid 
DCL 
Device Clear 
END 
End 
GET 
Group Execute Trigger 
GTL 
Go to Local 
IDY 
Identify 
IFC 
Interface Clear 
LLO 
Local Lockout 
MLA 
My Listen Address 
MSA 
My Secondary Address 
MTA 
My Talk Address 
OSA 
Other Secondary Address 
OTA 
Other Talk Address 
PCG 
PrimaryCommand Group 
PPC(2) 
Parallel Poll Configure 
[PPD](2) 
Parallel Poll Disable 
[PPE](2) 
Parallel Poll Enable 
PPRN(1) 
Parallel Poll Response N 
PPU(2) 
Parallel Poll Unconfigure 
REN 
Remote Enable 
RFD 
Ready for Data 
RQS 
Request Service 
[SDC] 
Select Device Clear 
SPD 
Serial Poll Disable 
SPE 
Serial Poll Enable 
SQR(1) 
Service Request 
STB 
Status Byte 
TCT or [TCT](1) 
Take Control 
UNL 
Unlisten 
REMOTE MESSAGESSENT 
ATN 
Attentions 
DAB 
Data Byte 
DAC 
Data Accepted 
DAV 
Data Valid 
DCL 
Device Clear 
END 
End 
GET 
Group Execute Trigger 
GTL 
Go to Local 
IDY 
Identify 
IFC 
Interface Clear 
LLO 
Local Lockout 
MLA or [MLA] 
My Listen Address 
MSA or [MSA] 
My Secondary Address 
MTA or [MTAj 
My Talk Address 
OSA 
Other Secondary Address 


AH,C 
T, TE 


SH,AH,T,TE,L,LE,PP,C 
(Via L, LE) 
SH 
AH 
DC 
(via L, LE) 
DT 
RL 
L, LE, PP 
T,TE,L,LE,C 
RL 
L, LE, RL, T, TE 
TE, LE, RL 
T, TE, L, LE 
TE 
T, re 
TE, LE, PP 
PP 
PP 
pp 
(viaC) 
PP 
RL 
SH 
(via L, LE) 
DC 
T, TE 
T, TE 
(viaC) 
(via L, LE) 
C 
L,LE 


C 
(ViaT,TE) 
AH 
SH 
(viaC) 
(viaT) 
(viaC) 
(viaC) 
C 
C 
(viaC) 
(viaC) 
(viaC) 
(viaC) 
(via C) 
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Mnemonic 


Table 3. IEEE 488 Interface Message Reference List (Continued) 


Message 
Interface Function(s)(3) 


OTA 
PCG 
PPC 
[PPD] 
[PPE] 
PPRN 
PPU 
REN 
RFD 
RQS 
[SDC] 
SPD 
SPE 
SRQ 
STB 
TCT 
UNL 


Other Talk Address 
(via C) 
Primary Command Group 
(via C) 
Parallel Poll Configure 
(via C) 
Parallel Poll Disable 
(via C) 
Parallel Poll Enable 
(via C) 
Parallel Poll Response 
N 
PP 
Parallel Poll Unconfigure 
(via C) 
Remote Enable 
C 
Ready for Data 
AH 
Request Service 
T, TE 
Selected 
Device Clear 
(via C) 
Serial Poll Disable 
(via C) 
Serial Poll Enable 
(via C) 
Service Request 
SR 
Status Byte 
(via T,TE) 
Take Control 
(via C) 
Unlisten 
(via C) 


NOTES: 
1. These messages are handled only by Intel's 8292. 
2. Undefined commands which may be passed to the microprocessor. 
3. All Controller messages must be sent via Intel's 8292. 


8291A Registers 


A bit-by-bit 
map of the 16 registers 
on the 8291 A is 
presented 
in Figure 
5. A more detailed 
explanation 
of each 
of these 
registers 
and their 
functions 
fol- 
lows. The 
access 
of these 
registers 
by the 
micro- 
processor 
is accomplished 
by using 
the 
CS, 
RD, 
WR, and RSO-RS2 
pins. 


Register 
CS 
RD 
WR 
RSO-RS2 


All Read Registers 
0 
0 
1 
CCC 
All Write Registers 
0 
1 
0 
CCC 
High Impedance 
1 
d 
d 
ddd 


The Data-In 
Register 
is used to move data from the 
GPIB to the microprocessor 
or to memory 
when the 
8291 A is addressed 
to listen. 
Incoming 
information 
is separately 
latched 
by this 
register, 
and its con- 
tents 
are not destroyed 
by a write 
to the data-out 
register. The RFD (Ready for Data) message 
is held 
false until the byte is removed 
from the data in regis- 
ter, either 
by the 
microprocessor 
or by DMA. The 
8291A then completes 
the handshake 
automatically. 


In RFD holdoff 
mode (see Auxiliary 
Register 
A), the 
handshake 
is not finished 
until a command 
is sent 


telling the 8291A to release 
the holdoff. 
In this way, 
the same byte may be read several times, or an over 
anxious talker may be held off until all available 
data 
has been processed. 


When 
the 8291 A is addressed 
to talk, 
it uses 
the 
data-out 
register 
to move data onto the GPIB. After 
the BO interrupt 
is received 
and a byte is written 
to 
this register, 
the 8291 A initiates 
and completes 
the 
handshake 
while sending 
the byte out over the bus. 


In the 
BO interrupt 
disable 
mode, 
the user should 
wait until BO is active 
before writing 
to the register. 
(In the DMA mode, this will happen automatically.) 
A 
read of the 
Data-In 
Register 
does 
not destroy 
the 
information 
in the Data-Out 
Register. 


Interrupt 
Registers 
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READ REGISTERS 


Figure 5. 8291A Registers 


The 8291A can be configured to generate an inter- 
rupt to the microprocessor upon the occurrence of 
any of 12 conditions or events on the GPIB. Upon 
receipt of an interrupt, the microprocessor must read 
the Interrupt Status Registers to determine which 
event has occurred, and then execute the appropri- 
ate service routine (if necessary). Each of the 12 
interrupt status bits has a matching enable bit in the 
interrupt enable registers. These enable bits are 
used to select the events that will cause the INT pin 
to be asserted. Writing a logic "1" into any of these 
bits enables the corresponding interrupt status bits 
to generate an interrupt. Bits in the Interrupt Status 
Registers are set regardless of the states of the en- 
able bits. The Interrupt Status Registers are then 
cleared upon being read or when a local pon (power- 
on) message is executed. If an event occurs while 
one of the Interrupt Status Registers is being read, 
the event is held until after its register is cleared and 
then placed in the register. 


NOTE: 
Reading the interrupt status registers clears the bits 
which were set. The software must examine al/ 
relevant bits in the interrupt status registers before 
disregarding the value or an important interrupt may 
be missed. 


The mnemonics for each of the bits in these regis- 
ters and a brief description of their respective func- 
tions appears in Table 4. This table also indicates 
how each of the interrupt bits is set. 


NOTE: 
The INT bit in the Address 0 Register is a duplicate 
of the INT bit in the Interrupt Status 2 Register. It is 
only a status bit. It does not generate interrupts and 
thus does not have a corresponding enable bit. 


The BO and BI interrupts enable the user to perform 
data transfer cycles. BO indicates that a data byte 
should be written to the Data Out Register.'It is set 
by TACS • (SWNS + SGNS) • RFD. It is reset when 
the data byte is written, ATN is asserted, or the 
8291A exits TACS. Data should never be written to 
the Data Out Register before BO is set. Similarly, BI 
is set when an input byte is accepted into the 8291A 
and reset when the microprocessor reads the Data 
In Register. BO and BI are also reset by pon (power- 
on local message) and by a read of the Interrupt 
Status 1 Register. However, if it is so desired, data 
transfer cycles may be performed without reading 
the Interrupt Status 1 Register if all interrupts except 
for BO or BI are disabled; BO and BI will automati- 
cally reset after each byte is transferred. 
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Table 4. Interrupt Bits 


NOTE: 
1. In ton (talk-only) and Ion (listen-only) modes, no ADSC interrupt is generated. 


Indicates 
Undefined 
Commands 


Set by (TPAS + LPAS).SCG.ACDS.MODE 
3 


Set by DTAS 


Set by (EOS + EOI).LACS 


Set by DCAS 


Set by TACS·nba·DAC·RFD 


TACS.(SWNS + SGNS) 


Set by LACS·ACDS 


Shows status of the INT pin 


The device has been enabled for a serial poll 


The device is in local lock out state. 
ILWLS+RWLSI 


The device is in a remote state. 
REM 


IREMS+RWLSI 


SPAS ~SPAS"if APRS:STRS:SPAS was true 


LLCNO 
LLO 


RemotO-ocal 


AddresseUnaddressed 


If the 8291A is used in the interrupt mode, the INT 
and DREQ pins can be dedicated to data input and 
output interrupts respectively by enabling BI and 
DMAO, provided that no other interrupts are en- 
abled. This eliminates the need to read the interrupt 
status registers if a byte is received or transmitted. 


The ERR bit is set to indicate the bus error condition 
when the 8291A is an active talker and tries to send 
a byte to the GPIB, but there are no active listeners 
(e.g., all devices on the GPIB are in AIDS). The logi- 
cal equivalent of (nba • TACS • DAC • RFD) will set 
this bit. 


The DEC bit is set whenever DCAS has occurred. 
The user must define a known state to which all de- 
vice functions will return in DCAS. Typically this 
state will be a power-on state. However, the state of 
the device functions at DCAS is at the designer's 
discretion. It should be noted that DCAS has no ef- 
fect on the interface functions which are returned to 
a known state by the IFC (interface clear) message 
or the pon local message. 


The END interrupt bit may be used by the microproc- 
essor to detect that a multi-byte transfer has been 


CPT 


APT 


An undefined 
command 
has been received. 


A secondary address must be passed through 
to the microprocessor 
for recognition. 


A group execute trigger has occurred. 


An EOS or EOI message has been received. 


Device Clear Active State has occurred. 


Interface error has occurred: 
no listeners 
are active. 


A byte should be output. 


A byte has been input. 


GET 


END 


DEC 


ERR 


BO 


BI 


These are status only. They will not generate 
interrupts. 
nor do they have corresponding 
mask bits. 


INT 


SPAS 


LLO 


Serial Poll Complete interrupt. 


Local lock out change interrupt. 


Remote/Local 
change interrupt. 


Address status change interrupt.' 


SPC 


LLOC 


REMC 


ADSC 


205248-24 


completed. The bit will be set when the 8291A is an 
active listener (LACS) and either EOS (provided the 
End on EOS Received feature is enabled in the Aux- 
iliary Register A) or EOI is received. EOS will gener- 
ate an interrupt when the byte in the Data In Regis- 
ter matches the byte in the EOS register. Otherwise 
the interrupt will be generated when a true input is 
detected on EOI. 


The GET interrupt bit is used by the microprocessor 
to detect that DTAS has occurred. It is set by the 
8291A when the GET message is received while it is 
addressed to listen. The TRIG output pin of the 
8291A fires when the GET message is received. 
Thus, the basic operation of device trigger may be 
started 
without 
microprocessor 
software 
inter- 


vention. 


The APT interrupt bit indicates to the processor that 
a secondary address is available in the CPT register 
for validation. This interrupt will only occur if Mode 3 
addressing is in effect. (Refer to the section on ad- 
dressing.) In Mode 2, secondary addresses will be 
recognized automatically on the 8291A. They will be 
ignored in Mode 1. 
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The CPT interrupt bit flags the occurrence of an un- 
defined command and of all secondary commands 
following an undefined command. The Command 
Pass Through feature is enabled by the BO bit of 
Auxiliary Register B. Any message not decoded by 
the 8291A (not included in the state diagrams in Ap- 
pendix B) becomes an undefined command. Note 
that any addressed command is automatically ig- 
nored when the 8291A is not addressed. 


Undefined commands are read by the CPU from the 
Command Pass Through register of the 8291A. This 
register reflects the logic levels present on the data 
lines at the time it is read. If the CPT feature is en- 
abled, the 8291A will hold off the handshake until 
this register is read. 


An especially useful feature of the 8291A is its ability 
to generate interrupts from state transitions in the 
interface functions. In particular, the lower 3 bits of 
the Interrupt Status 2 Register, if enabled by the cor- 
responding enable bits, will cause an interrupt upon 
changes in the following states as defined in the 
IEEE 488 Standard. 


Bit 0 
ADSC 
change in LIDS or TIDS or MJMN 
Bit 1 
REMC 
change in LOCS or REMS 
Bit 2 
LLOC 
change in LWLS or RWLS 


The upper 4 bits of the Interrupt Status 2 Register 
are available to the processor as status bits. Thus, if 
one of the bits 0-2 generates an interrupt indicating 
a state change has taken place, the corresponding 
status bit (bits 3-5) may be read to determine what 
the new state is. To determine the nature of a 
change in addressed status (bit 0) the Address 
Status Register is available to be read. The SPC in- 
terrupt (bit 3 in Interrupt Status 2) is set upon exit 
from SPAS if APRS:STRS:SPASoccurred which in- 
dicates that the GPIB controller has read the bus 
serial poll status byte after the 8291A requested 
service (asserted SRQ). The SPC interrupt occurs 
once after the controller reads the status byte if 
service was requested. The controller may read the 
status byte later, and the byte will contain the last 
status the 8291A's CPU wrote to the Serial. Poll 
Mode Register, but the SRQS bit will not be set and 
no interrupt will be generated. Finally, bit 7 monitors 
the state of the 8291A INT pin. Logically, it is an OR 
of all enabled interrupt status bits. One should note 
that bits 3-6 of the Interrupt Status 2 Register do 
not generate interrupts, but are available only to be 
read as status bits by the processor. Bit 7 in Interrupt 
Status 2 is duplicated in Address 0 Register, and the 
latter should be used when polling for interrupts to 
avoid losing one of the interrupts in Interrupt Status 
2 Register. 


Bits 4 and 5 (DMAI, DMAO) of the Interrupt Mask 2 
Register are available to enable direct data transfers 


between memory and the GPIB; DMAI (DMA in) en- 
ables the DREQ (DMA request) pin of the 8291A to 
be asserted upon the occurrence of BI. Similarly, 
DMAO (DMA out) enables the DREQ pin to be as- 
serted upon the occurrence of BD. One might note 
that the DREQ pin may be used as a second inter- 
rupt output pin, monitoring BI and/or BD and en- 
abled by DMAI and DMAO. One should note that the 
DREQ pin is not affected by a read of the Interrupt 
Status 1 Register. It is reset whenever a byte is writ- 
ten to the Data Out Register or read from the Data In 
Register. 


To ensure that an interrupt status bit will not be 
cleared without being read, and will not remain un- 
cleared after being read, the 8291A implements a 
special interrupt handling procedure. When an en- 
abled interrupt bit is set in either of the Interrupt 
Status Registers, the input of the registers are 
blocked until the set bit is read and reset by the 
microprocessor. 
Thus, 
potential 
problems 
arise 
when interrupt status changes while the register is 
being blocked. However, the 8291A stores all new 
interrupts in a temporary register and transfers them 
to the appropriate Interrupt Status Register after the 
interrupt has been reset. This transfer takes place 
only if the corresponding bits were read as zeroes. 


Serial Poll Registers 


The Serial Poll Mode Register determines the status 
byte that the 8291A sends out on the GPIB data 
lines when it receives the SPE (Serial Poll Enable) 
message. Bit 6 of this register is reserved for the rsv 
(request service) local message. Setting this bit to 1 
causes the 8291A to assert its SRQ line, indicating 
its need for attention from the controller-in-charge of 
the GPIB. The other bits of this register are available 
for sending status information over the GPIB. Some- 
time after the microprocessor initiates a request for 
service by setting bit 6, the controller of the GPIB 
sends the SPE message and then addresses the 
8291A to talk. At this point, one byte of status is 
returned by the 8291A via the Serial Poll Mode Reg- 
ister. After the status byte is read by the controller, 
rsv is automatically cleared by the 8291A and an 
SPC interrupt is generated. The CPU may request 
service again by writing another byte to the Serial 
Poll Mode Register with the rsv bit set. If the control- 
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ler performs 
a serial poll when the rsv bit is clear, the 
last status byte written will be read, but the SRQ line 
will not be driven by the 8291A and the SRQS bit will 
be clear in the status byte. 


The Serial Poll Status Register 
is available 
for read- 
ing the status byte in the Serial Poll Mode Register. 
The processor 
may check the status of a request for 
service 
by polling 
bit 6 of this register, 
which 
corre- 
sponds 
to SRQS 
(Service 
Request 
State). 
When 
a 
Serial Poll is conducted 
and the controller-in-charge 
reads the status byte, the SRQS bit is cleared. 
The 
SRQ line and the rsv bit are tied together. 


The Address 
Mode Register 
is used to select one of 
the 
five 
modes 
of ·addressing 
available 
on 
the 
8291A. 
It determines 
the way in which 
the 8291A 
uses the information 
in the Address 
0 and Address 
1 
Registers. 


-In 
Mode 1, the contents 
of the Address 
0 Register 
constitute 
the "Major" 
talker/listener 
address 
while 
the Address 
1 Register 
represents 
the "Minor" 
talk- 
er/listener 
address. 
In applications 
where 
only one 
address 
is needed, 
the major talker/listener 
is used, 
and 
the 
minor 
talker/listener 
should 
be 
disabled. 
Loading 
an address 
via the Address 
0/1 
Register 
into Address 
Registers' 
0 and 
1 enables 
the major 
and minor talker/listener 
functions 
respectively. 


-In 
Mode 
2 the 8291A 
recognizes 
two sequential 
address 
bytes: 
a primary 
followed 
by a secondary. 
Both address 
bytes must be received 
in order to en- 
able 
the 
device 
to talk 
or 
listen. 
In this 
manner, 


Mode 2 addressing 
implements 
the extended 
talker 
and listener 
functions 
as defined 
in IEEE-488. 


To use Mode 2 addressing 
the primary address 
must 
be loaded into the Address 
0 Register, 
and the Sec- 
ondary Address 
is placed in the Address 
1 Register. 
With both primary and secondary 
addresses 
residing 
on chip, 
the 8291A 
can handle 
all addressing 
se- 
quences 
without 
processor 
intervention. 


-In 
Mode 3, the 8291A 
handles 
addressing 
just as 
it does in Mode 1, except 
that each Major or Minor 
primary 
address 
must be followed 
by a secondary 
address. 
All secondary 
addresses 
must be verified 
by the microprocessor 
when Mode 3 is used. When 
the 8291A 
is in TPAS 
or LPAS 
(talker/listener 
pri- 
mary addressed 
state), and it does not recognize 
the 
byte on the 010 lines, an APT interrupt 
is generated 
(see section 
on Interrupt 
Registers) 
and the byte is 
available 
in the CPT (Command 
Pass-Through) 
Reg- 
ister. As part of its interrupt 
service 
routine, 
the mi- 
croprocessor 
must read the CPT Register 
and write 
one of the following 
responses 
to the Auxiliary 
Mode 
Register: 


1. 07H implies a non-valid 
secondary 
address 


2. OFH implies a valid secondary 
address 


Setting the TO bit generates 
the local ton (talk-only) 
message 
and sets the 8291A 
to a talk-only 
mode. 


This mode allows the device to operate as a talker in 
an interface 
system 
without 
a controller. 


Setting 
the 
La 
bit generates 
the 
local 
Ion (listen- 
only) message 
and sets the 8291A 
to a listen-only 
mode. This mode allows the device 
to operate 
as a 
listener 
in an interface 
system 
without 
a controller. 


The above 
bits may also be used by a controller-in- 
charge 
to set itself up for remote 
command 
or data 
communication. 


The mode of addressing 
implemented 
by the 8291A 
may 
be 
selected 
by writing 
one 
of 
the 
following 
bytes to the Address 
Mode Register. 


Register 
Contents 
10000000 
01000000 
11000000 
00000001 
00000010 
00000011 


Mode 
Enable talk only mode (ton) 
Enable listen only mode (Ion) 
The 8291 may talk to itself 
Mode 1, (Primary-Primary) 
Mode 2 (Primary-Secondary) 
Mode 3 (Primary / APT-Primary/AFT) 


The 
Address 
Status 
Register 
contains 
information 
used by the microprocessor 
to handle 
its own 
ad- 
dressing. 
This information 
includes 
status 
bits that 
monitor 
the 
address 
state 
of each 
talker/listener, 
"ton" 
and 
"Ion" 
flags 
which 
indicate 
the 
talk 
and 
listen only states, 
and an EOI bit which, 
when 
set, 


signifies 
that the END message 
came with the last 
data byte. LPAS and TPAS indicate 
that the listener 
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or talker primary address has been received. The 
microprocessor can use these bits when the sec- 
ondary address is passed through to determine 
whether the 8291A is addressed to talk or listen. 
The LA (listener addressed) bit will be set when the 
8219A is in LACS (Listener Active State) or in LADS 
(Listener Addressed State). Similarly, the TA (Talker 
Addressed bit) will be set to indicate TACS or TADS, 
but also to indicate SPAS (Serial Poll Active State). 
The MJMN bit is used to determine whether the in- 
formation in the other bits applies to the Major or 
Minor talker/listener. It is set to "1" when the Minor 
talker/listener is addressed. It should be noted that 
only one talker/listener may be active at anyone 
time. Thus, the MJMN bit will indicate which, if ei- 
ther, of the talker/listeners is.addressed or active. 


The Address 0/1 Register is used for specifying the 
device's addresses according to the format selected 
in the Address Mode Register. Five bit addresses 
may be loaded into the Address 0 and Address 1 
Registers by writing into the Address 0/1 Register. 
The ARS bit is used to select which of these regis- 
ters the other seven bits will be loaded into. The DT 
and DL bits may be used to disable the talker or 
listener function at the address signified by the other 
five bits. When Mode 1 addressing is used and only. 
one primary address is desired, both the talker and 
the listener should be disabled at the Minor address. 


As an example of how the Address 0/1 Register 
might be used, consider an example where two pri- 
mary addresses are needed in the device. The Major 
primary address will be selectable only as a talker 
and the Minor primary address will be selectable 
only as a listener. This configuration of the 8291A is 
formed by the following sequence of writes by the 
microprocessor. 


Operation 
CS Ri) 
WR 
Data 
RS2-RSo 


1. Select addressing 
0 
1 
0 
00000001 
100 
Mode 1 


2. Load major address 
0 
1 
0 
001AAAAA 
110 
into Address 0 Register 
with listener function 
disabled. 


3. Load minor address 
0 
1 
0 
110BBBBB 
110 
into Address 1 Register 
with talker function 
disabled. 


At this point, the addresses AAAAA and BBBBB are 
stored in the Address 0 and Address 1 Registers 
respectively, and are available to be read by the mi- 
croprocessor. Thus, it is not necessary to store any 
address information elsewhere. Also, with the infor- 
mation stored in the Address 0 and Address 1 Reg- 
isters, processor intervention is not required to 
recognize addressing by the controller. Only in 


Mode 3, where secondary addresses are passed 
through, must the processor intervene in the ad- 
dressing sequence. 


The Address 0 Register contains a copy of bit 7 of 
the Interrupt Status 2 Register (INT). This is to be 
used when polling for interrupts. Software should 
poll register 6 checking for INT (bit 7) to be set. 
When INT is set, the Interrupt Status Register should 
be read to determine which interrupt was received. 


Command 
Pass Through Register 


COMMAND PASSTHROUGH (5R) 


The Command Pass Through Register is used to 
transfer undefined 8-bit remote message codes from 
the GPIB to the microprocessor. When the CPT fea- 
ture is enabled (bit BO in Auxiliary Register B), any 
message not decoded by the 8291A becomes an 
undefined command. When Mode 3 addressing is 
used secondary addresses are also passed through 
the CPT Register. In either case, the 8291A will 
hold-off the handshake until the microprocessor 
reads this register and issues the VSCMD auxiliary 
command. 


The CPT and APT interrupts flag the availability of 
undefined commands and secondary addresses in 
the CPT Register. The details of these interrupts are 
explained in the section on Interrupt Registers. 


An added feature of the 8291A is its ability to handle 
undefined secondary commands following unde- 
fined primaries. Thus, the number of available com- 
mands for future IEEE-488 definition is increased; 
one undefined primary command followed by a se- 
quence of as many as 32 secondary commands can 
be processed. The IEEE-488Standard does not per- 
mit users to define their own commands, but up- 
grades of the standard are thus provided for. 


The recommended use of the 8291A's undefined 
command capabilities is for a controller-configured 
Parallel Poll. The PPC message is an undefined pri- 
mary command typically followed by PPE,and unde- 
fined secondary command. For details on this proce- 
dure, refer to the section on Parallel Poll Protocol. 


Auxiliary Mode Register 
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The 
Auxiliary 
Mode 
Register 
contains 
a three-bit 
control 
field and a five-bit 
command 
field. It is used 
for several 
purposes 
on the 8291 A: 


1. To load "hidden" 
auxiliary registers 
on the 8291 A. 


2. To issue commands 
from the microprocessor 
to 
the 8291 A. 


3. To preset 
an internal 
counter 
used to generate 
T1, delay 
in the Source 
Handshake 
function, 
as 
defined 
in IEEE-488. 


Table 5 summarizes 
how these tasks are performed 
with the Auxiliary 
Mode Register. 
Note that the three 
control 
bits determine 
how the five command 
bits 
are interpreted. 
Table 
5 


Code 


Control 
Command 
Command 
Bits 
Bits 


000 
OCCCC 
Execute auxiliary command 
CCCC 
001 
00000 
Preset internal counter to 
match external clock 
frequency 
of DODO MHz 
(DODO binary representation 
of 1 to 8 MHz) 


100 
DDqDD 
Write 00000 into 
auxiliary register A 


10r 
00000 
Write 00000 into 
auxiliary register B 


011 
USP3P2P1 Enable/disable 
parallel 
poll either in response 
to remote 
messages 
(PPC followed 
by 
PPE or PPD) or as a local 
Ipe message. 
(Enable if U = 0, 
disable if U = 1.) 


AUXILIARY 
COMMANDS 


Auxiliary 
commands 
are 
executed 
by the 
8291 A 
whenever 
OOOOCCCC is written 
into 
the 
Auxiliary 
Mode 
Register, 
where 
CCCC is the 4-bit command 
code. 


OOOG-Immediate 
Execute 
pon: This command 
re- 
sets the 8291 A to a power up state (local pon mes- 
sage as defined 
in IEEE-488). 


The 
following 
conditions 
constitute 
the 
power 
up 
state: 


1. All talkers 
and listeners 
are disabled. 
2. No interrupt 
status bits are set. 


The 8291 A is designed 
to power up in certain 
states 
as specified 
in the IEEE-488 
state diagrams. 
Thus, 
the following 
states 
are in effect 
in the 
power 
up 
state: 
SIDS, AIDS, 
TIDS, 
LIDS, NPRS, 
LOCS, 
and 
PPIS. 


The "0000" 
pon is an immediate 
execute 
command 
(a pon pulse). 
It is also used to release 
the "initial- 
ize" 
state 
generated 
by 
either 
an 
external 
reset 
pulse or the "0010" 
Chip Reset command. 


001G-Chip 
Reset (Initialize): This command 
has the 
same effect as a pulse applied to the Reset pin. (Re- 
fer to the section 
on Reset Procedure.) 


0011-Finish 
Handshake: 
This command 
finishes 
a 
handshake 
that was stopped 
because 
of a holdoff 
on RFD. (Refer to Auxiliary 
Register 
A.) 


010G- 
Trigger: 
A "Group 
Execute 
Trigger" 
is forced 
by this command. 
It has the same effect 
as a GET 
command 
issued 
by the controller-in-charge 
of the 
GPIB, but does not cause a GET interrupt. 


0101, 
1101-Clear/Set 
rtl: These 
commands 
corre- 
spond 
to the 
local 
rtl message 
as defined 
by the 
IEEE-488. The 8291A will go into local mode when a 
Set rtl Auxiliary Command 
is received 
if local lockout 
is not in effect. 
The 8291A will exit local mode after 
receiving 
a Clear rtl Auxiliary Command 
if the 8291A 
is addressed 
to listen. 


011G-Send 
EOI: The EOlline 
of the 8291A may be 
asserted 
with this command. 
The command 
causes 
EOI to go true with the next byte transmitted. 
The 
EOI 
line 
is then 
cleared 
upon 
completion 
of the 
handshake 
for that byte. 


0111, 1111-Non 
ValidlValid 
Secondary 
Address 
or 
Command 
(VSCMD): 
This 
command 
informs 
the 
8291A 
that the secondary 
address 
received 
by the 
microprocessor 
was valid or invalid (0111 = invalid, 
1111 
= valid). 
If Mode 
3 addressing 
is used, 
the 
processor 
must field each extended 
address 
and re- 
spond 
to it, or the GPIB will hang up. Note that the 
COM3 bit is the invalid/valid 
flag. 


The valid 
(1111) 
command 
is also used to tell the 
8291 A to continue 
from the command-pass-through- 
state, or from RFD holdoff 
on GET, SDC or DCL. 


100G-pon: 
this 
command 
puts the 8291A 
into the 
pon (power on) state and holds it there. 
It is similar 
to a Chip Reset except 
none of the Auxiliary 
Mode 
Registers 
are cleared. 
In this state, the 8291A 
does 
not participate 
in any bus activity. An Immediate 
Ex- 
ecute 
pon releases 
the 8291A 
from 
the pon state 
and permits the device to participate 
in the bus activ- 
ity again. 
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0001, 1001-Parallel 
Poll Flag (local "ist" 
message): 
This command 
sets (1001) or clears (0001) the par- 
allel poll flag. A "1" 
is sent over the assigned 
data 
line (PRR = Parallel 
Poll Response 
true) only if the 
parallel 
poll flag matches 
the sense bit from the Ipe 
local message 
(or indirectly 
from the PPE message). 


For a more complete 
description 
of the Parallel 
Poll 
features 
and procedures 
refer to the section 
on Par- 
allel Poll Protocol. 


INTERNAL 
COUNTER 


The 
internal 
counter 
determines 
the delay time al- 
lowed for the setting 
of data on the DIO lines. This 
delay time is defined 
as T1 in IEEE-488 and appears 


in the Source Handshake 
state diagram between 
the 
SDYS and STRS. As such, DAV is asserted 
T1 after 
the DIO lines are driven. Consequently, 
T 1 is a ma- 


jor factor 
in determining 
the data transfer 
rate of the 
8291A 
over the GPIB (T1 = TWRDV2-TWRD15). 


When open-collector 
transceivers 
are used for con- 
nection to the GPIB, T1 is defined 
by IEEE-488 to be 
2 Jl-s. By writing 
0010DDDD 
into the Auxiliary 
Mode 
Register, 
the counter 
is preset 
to match 
a tc MHz 
clock 
input, where 
DDDD is the binary 
representa- 
tion of NF [1 :S:NF:S:8,NF = (DDDD)2J. When NF = 
fc, a 2 f-Ls T 1 delay will be generated 
before 
each 
DAV asserted. 


tSYNC is a synchronization 
error, greater 
than zero 
and smaller 
than the larger 
of T clock 
high and T 
clock low. (For a 50% duty cycle clock, tSYNC is less 
than half the clock cycle). 


If it is necessary 
that T 1 be different 
from 2 us, NF 
may be set to a value other than fc. In this manner, 
data transfer 
rates may be programmed 
for a given 
system. 
In small systems, 
for example, 
where trans- 
fer 
rates 
exceeding 
GPIB 
specifications 
are 
re- 
quired, one may set NF<fc 
and decrease 
T1. 


When 
tri-state 
transceivers 
are used, 
IEEE-488 
al- 
lows 
a higher 
transfer 
rate 
(lower 
T1). Use of the 
8291A 
with such transceivers 
is enabled 
by setting 
B2 in Auxilliary 
Register 
B. In this case, setting NF = 
fc causes 
a T 1 delay of 2f-Ls to be generated 
for the 
first byte transmitted-all 
subsequent 
bytes will have 
a delay of 500 ns. 


T 1 (High Speed) ,...s = NF + tSYNC 
2fc 


Thus, the shortest 
T 1 is achieved 
by setting 
NF = 1 


using an 8 MHz clock 
with a 50% 
duty cycle clock 


(tSYNc<63 
ns): 


1 
T1(HS) 
= 2X8 + 0.063 = 125 ns max. 


AUXILIARY 
REGISTER 
A 


Auxiliary 
Register 
A 
is 
a 
"hidden" 
5-bit 
register 
which is used to enable some of the 8291A features. 
Whenever 
a 100 A4A3A2A1AO byte is written 
into the 
Auxiliary 
Register, 
it 
is 
loaded 
with 
the 
data 
A4A3A2A1AO. Setting 
the respective 
bits to "1" 
en- 


ables the following 
features. 


Ao-RFD 
Holdoff 
on all Data: If the 8291A 
is listen- 


ing, RFD will not be sent true until the "finish 
hand- 


shake" 
auxiliary 
command 
is issued 
by the 
micro- 


processor. 
The holdoff will be in effect for each data 
byte. 


A1-RFD 
Holdoff 
on End: This feature 
enables 
the 
holdoff 
on 
EOI or EOS 
(if enabled). 
However, 
no 


hold-off 
will be in effect 
on any other data bytes. 


Az-End 
on EOS Received: 
Whenever 
the byte in 
the Data In Register 
matches 
the byte in the 
EOS 
Register, the END interrupt 
bit will be set in the Inter- 
rupt Status 
1 Register. 


A:r-Output 
EOI on EOS Sent: 
Any occurrence 
of 


data 
in the 
Data 
Out 
Register 
matching 
the 
EOS 


Register 
causes 
the EOI line to be sent true along 


with the data. 


A4-EOS 
Binary 
Compare: 
Setting 
this 
bit causes 


the 
EOS Register 
to function 
as a full 8-bit word. 


When it is not set, the EOS Register 
is a 7-bit word 


(for ASCII characters). 


If Aa = 
A1 = 
1, a special 
"continuous 
Acceptor 


Handshake 
cycling" 
mode 
is enabled. 
This 
mode 


should be used only in a controller 
system configura- 


tion, where both the 8291A and the 8292 are used. It 
provides 
a continuous 
cycling 
through 
the Acceptor 


Handshake 
state 
diagram, 
requiring 
no local 
mes- 


sages from 
the microprocessor; 
the rdy local 
mes- 


sage is automatically 
generated 
when 
in ANRS. 
As 


such, the 8291 A Acceptor 
Handshake 
serves as the 
controller 
Acceptor 
Handshake. 
Thus, the controller 


cycles through 
the Acceptor 
Handshake 
without 
de- 
laying the data transfer 
in progress. 
When 
the tcs 
local 
message 
is executed, 
the 
8291 A should 
be 
taken out of the "continuous 
AH cycling" 
mode, the 
GPIB will hang up in ANRS, and a BI interrupt will be 
generated 
to indicate 
that control 
may be taken. 
A 
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simpler 
procedure 
may be used when a "tcs on end 
of block" 
is executed; 
the 8291 A may stay in "con- 
tinuous AH cycling". 
Upon the end of a block (EOI or 
EOS 
received), 
a holdoff 
is generated, 
the 
GPI8 
hangs up in ANRS, 
and control 
may be taken. 


AUXILIARY 
REGISTER 
B 


Auxiliary 
Register 
8 
is 
a 
"hidden" 
4-bit 
register 
which is used to enable 
some of the features 
of the 
8291 A. Whenever 
a 101 8483828180 
is written 
into 
the 
Auxiliary 
Mode 
Register, 
it is loaded 
with 
the 
data 8483828180. 
Setting the respective 
bits to "1" 
enables 
the following 
features! 


Bo-Enable 
Undefined 
Command 
Pass 
Through: 
This feature 
allows 
any commands 
not recognized 
by the 8291 A to be handled 
in software. 
If enabled, 
this 
feature 
will 
cause 
the 
8291A 
to 
holdoff 
the 
handshake 
when 
an 
undefined 
command 
is 
re- 
ceived. 
The 
microprocessor 
must 
then 
read 
the 
command 
from the Command 
Pass Through 
Regis- 
ter and send the VSCMD 
auxiliary 
command. 
Until 
the VSCMD 
command 
is sent, the handshake 
hold- 
off will be in effect. 


B1-Send 
EOI in SPAS: This bit enables 
EOI to be 
sent with the status 
byte; EOI is sent true in Serial 
Poll Active 
State. 
Otherwise, 
EOI is sent 
false 
in 
SPAS. 


Bz-Enable 
High Speed Data Transfer: 
This feature 
may be enabled 
when tri-state 
external 
transceivers 
are used. The data transfer 
rate is limited by T1 de- 
lay time generated 
in the Source 
Handshake 
func- 
tion, which is defined 
according 
to the type of trans- 
ceivers 
used. When the "High 
Speed" 
feature 
is en- 
abled, 
T1 = 2 microseconds 
is generated 
for the 
first 
byte transmitted 
after 
each 
true to false 
tran- 
sition 
of 
ATN. 
For 
all 
subsequent 
bytes, 
T1 
= 


500 ns. Refer to the Internal 
Counter 
section 
for an 
explanation 
of T 1 duration 
as a function 
of 82 and of 
clock frequency. 


B:r-Enable 
Active 
low 
Interrupt: 
Setting 
this 
bit 
causes 
the polarity 
of the 
INT pin to be reversed, 
providing 
an output 
signal 
compatible 
with 
Intel's 
MCS-48@ Family. Interrupt 
registers 
are not affected 
by this bit. 


B4-Enable 
RFD Holdoff 
on GET or DEC: Setting 
this 
bit 
causes 
RFD 
to 
be 
held 
false 
until 
the 
"VSCMD" 
auxiliary 
command 
is written 
after 
GET, 
SDC, and DCl 
commands. 
This allows the device to 
hold 
off the 
bus until 
it has completed 
a clear 
or 
trigger 
similar to an unrecognized 
command. 


PARALLEL 
POLL PROTOCOL 


Writing a 011 USP3P2P1 into the Auxiliary 
Mode Reg- 
ister 
will enable 
(U = 0) or disable 
(U = 
1) the 
8291A 
for a parallel 
poll. When 
U = 0, this com- 
mand is the "Ipe" 
(local poll enable) 
local message 
as defined 
in IEEE-488. 
The "S" 
bit is the sense 
in 
which the 8291 A is enabled; 
only if the Parallel 
Poll 
Flag ("ist" 
local 
message) 
matches 
this bit will the 
Parallel 
Poll 
Response, 
PPRN, 
be 
sent 
true 
(Re- 
sponse 
= S + ist). The bits P3P2P1 specify 
which 
of the eight data lines PPRN will be sent over. Thus, 
once 
the 
8291 A has 
been 
configured 
for 
Parallel 
Poll, whenever 
it senses 
both EOI and ATN true, it 
will automatically 
compare 
its PP flag with the sense 
bit and send 
PPRN true 
or false 
according 
to the 
comparison. 


If a PP2* 
implementation 
is desired, 
the "Ipe" 
and 
"ist" 
local messages 
are all that are needed. 
Typi- 
cally, the user will configure 
the 8291A 
for Parallel 
Poll 
immediately 
after 
initialization. 
During 
normal 
operation 
the 
microprocessor 
will 
set or clear 
the 
Parallel Poll Flag (ist) according 
to the device's 
need 
for service. Consequently 
the 8291 A will be set up to 
give the proper response 
to IDY (EOI • ATN) without 
directly 
involving 
the microprocessor. 


If a PP1 * implementation 
is desired, 
the undefined 
command 
features 
of the 8291 A must be used. 
In 
PP1, the 8291 A is indirectly 
configured 
for Parallel 
Poll by the active 
controller 
on the GPI8. 
The se- 
quence 
at the 8291 A being enabled 
or disabled 
re- 
motely 
is as follows: 


1. The PPC message 
is received 
and is loaded 
into 
the Command 
Pass Through 
Register as an unde- 
fined 
command. 
A CPT 
Interrupt 
is sent 
to the 
microprocessor; 
the 
handshake 
is automatically 
held off. 


2. The microprocessor 
reads the CPT Register 
and 
sends VSCMD 
to the 8291 A, releasing 
the hand- 
shake. 
3. Having recieved 
an undefined 
primary command, 
the 8291A 
is set up to receive 
an undefined 
sec- 
ondary 
command 
(the 
PPE or 
PPD 
message). 
This message 
is also received 
into the CPT Reg- 
ister, the handshake 
is held off, and the CPT inter- 
rupt is generated. 


4. The microprocessor 
reads the PPE or PPD mes- 
sage and writes 
the command 
into the Auxiliary 
Mode 
Register 
(bit 7 should 
be cleared 
first). 
Fi- 


nally, the microprocessor 
sends VSCMD 
and the 
handshake 
is released. 


NOTE: 
*As defined 
in IEEE Standard 
488. 
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EOS REGISTER 


The EOS Register 
and its features 
offer an alterna- 
tive to the "Send 
EOI" auxiliary command. 
A seven 
or eight bit byte (ASCII or binary) may be placed 
in 
the register 
to flag the end of a block or read. The 
type of EOS byte to be used is selected 
in Auxiliary 
Register 
bit A4. 


If the 
8291 A is a listener, 
and 
the 
"End 
on 
EOS 
Received" 
is enabled with bit A2' then an END inter- 
rupt is generated 
in the Interrupt 
Status 
1 Register 
whenever 
the byte in the Data-In 
Register 
matches 
the byte in the EOS Register. 


If the 8291 A is a talker, and the "Output 
EOI on EOS 
Sent" 
is enabled with bit A3, then the EOI line is sent 
true with the next byte whenever 
the contents 
of the 
Data Out Register 
match the EOS register. 


Reset Procedure 


The 8291A is reset to an initialization 
state either by 
a pulse applied to its Reset pin, or by a reset auxilia- 
ry command 
(02H 
written 
into 
the 
Auxiliary 
Com- 
mand Register). 
The following 
conditions 
are caused 
by a reset pulse (or local reset command): 


1. A "pon" 
local message 
as defined 
by IEEE-488 is 
held true until the initialization 
state is released. 


2. The Interrupt 
Status Registers 
are cleared 
(not In- 
terrupt 
Enable Registers). 
. 


3. Auxiliary 
Registers 
A and B are cleared. 


4. The Serial Poll Mode Register 
is cleared. 


5. The Parallel 
Poll Flag is cleared. 


6. The 
EOI 
bit in the 
Address 
Status 
Register 
is 
cleared. 


7. NF in the Internal 
Counter 
is set to 8 MHz. This 
setting causes the longest possible T 1 delay to be 
generated 
in the Source 
Handshake 
(16 J.Ls for 1 
MHz clock). 


8. The rdy local message 
is sent. 


The initialization 
state 
Is released 
by an "imme- 
diate 
execute 
pon" 
command 
(OOHwritten into the 
Auxiliary 
Command 
Register). 


The suggested 
initialization 
sequence 
is: 


1. Apply 
a reset 
pulse 
or send 
the 
reset 
auxiliary 
command. 


2. Set the desired initial conditions 
by writing into the 
Interrupt 
Enable, Serial Poll Mode, Address 
Mode, 
Address 
0/1, 
and EOS Registers. 
Auxiliary 
Regis- 
ters A and B, and the internal counter 
should also 
be initialized. 


3. Send the "immediate 
execute 
pon" auxiliary com- 
mand to release 
the initialization 
state. 


4. If a PP2 Parallel Poll implementation 
is to be used 
the 
"Ipe" 
local 
message 
may be sent, 
enabling 
the 8291 A for a Parallel 
Poll Response 
on an as- 
signed 
line. (Refer to the section 
on Parallel 
Poll 
ProtocoL) 


Using DMA 


The 8291A 
may be connected 
to the Intel@ 8237 or 
8257 DMA Controllers 
or the 8089 I/O Processor 
for 
DMA operation. 
The 8237 will be used to refer to any 
DMA 
controller. 
The 
DREQ 
pin of the 
8291A 
re- 
quests 
a DMA byte transfer 
from the 8237. 
It is set 3 


by BO or BI flip flops, 
enabled 
by the 
DMAO 
and 
DMAI bits in the Interrupt 
Enable 
2 Register. 
(After 
reading, 
the INT1 register 
BO and BI interrupts 
will 
be cleared 
but not BO and BI in DREQ equation.) 


The DACK pin is driven by the 8237 in response 
to 
the DMA request. 
When DACK is true (active low) it 
sets CS = RSO = RS1 = RS2 = 0 such that the 
RD and WR signals 
sent 
by the 8237 
refer to the 
Data In and Data Out Registers. 
Als~he 
DMA re- 
quest line is reset by DACK (RD + WR). 


DMA input sequence: 


1. A data 
byte 
is accepted 
from 
the 
GPIB 
by the 
8291A. 


2. A BI interrupt 
is generated 
and DREQ is set. 


3. DACK and RD are driven 
by the 8237, 
the con- 
tents of the Data In Register 
are transferred 
to the 
system 
bus, and DREQ is reset. 


4. The 8291A sends RFD true on the GPIB and pro- 
ceeds with the Acceptor 
Handshake 
protocol. 


DMA output 
sequence: 


1. A BO interrupt 
is generated 
(indicating 
that a byte 
should 
be output) 
and DREQ is asserted. 


2. DACK and WR are driven 
by the 8237, a byte is 
transferred 
from the MCS bus into the Data Out 
Register, 
and DREQ is reset. 


3. The 8291A sends DAV true on the GPIB and pro- 
ceeds with the Source 
Handshake 
protocol. 


It should 
be noted that each time the device 
is ad- 


dressed 
(MTA + MLA + ton + Ion), the Address 
Status Register 
should be read, and the 8237 should 
be initialized 
accordingly. 
(Refer to the 8237 or 8257 
Data Sheets.) 
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POlling the 8291A 
o register. All relevant interrupt status bits must be 
enabled during initialization for them to affect the 
INT status bit. The following flow chart illustrates the 
recommended polling algorithm. 
If polling is used to determine the 8291A's service 
needs, the CPU must poll the INT bit in the address 


READ INTERRUPT 
STATUS 
1 REGISTER 
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APPLICATION 
BRIEF 
three lowest address 
bits are used (Ao, Al' 
A2), then 
they must be demultiplexed 
first. 


System Configuration 
EXTERNAL 
TRANSCEIVERS 
CONNECTION 


MICROPROCESSOR 
BUS CONNECTION 


The 
8291 A 
is 
8048/49, 
8051, 
8080/85, 
and 
8086/88 
compatible. 
The three 
address 
pins (RSo, 
RS1, and RS2) should be connected 
to the non-mul- 
tiplexed 
address 
bus (for example: 
Aa, Ag, Al0)' 
In 
case of 8080, any address 
lines may be used. If the 


The 
8293 
GPIS 
Transceiver 
interfaces 
the 
8291A 
directly 
to the 
IEEE-488 
bus. The 
8291A 
and two 
8293's 
can be configured 
as a talker/listener 
(see 
Figure 6) or with the 8292 as a talker/listener/con- 
troller (see Figure 7). Absolutely 
no active or passive 
external components 
are required to comply with the 
complete 
IEEE-488 
electrical 
specification. 


TO 
MICROPROCESSOR 
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Figure 
6. S291A and S:!93 System 
Configuration 
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MICROPROCESSOR 


TO 
MICROPROCESSOR 


OSCILLATO 
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GP 
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Figure 7. 8291A, 8292, and 8293 System Configuration 
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Start-Up Procedures 


8291A 


The following section describes the steps needed to 
initialize a typical 8291A system implementing a talk- 
er/listener interface and an 8291A18292 system im- 
plementing a talker/listener/controller 
interface. 


TALKER/LISTENER 
SYSTEM 


Assume a general system configuration with the fol- 
lowing features: (i) Polled system interface; (ii) Mode 
1 addressing; (iii) same address for talker and listen- 
er; (iv) ASCII carriage return as the end-of-sequence 
(EOS) character; (v) EOI sent true with the last byte; 
and, (vi) 8 MHz clock. 


Initialization. 
Initialization is accomplished with the 


following steps: 
1. Pulse the RESET input or write 02H to the Auxilia- 
ry Mode Register. 


2. Write OOHto the Interrupt Enable Registers 1 and 
2. This disables interrupt and DMA. 
3. Write 01H to the Address Mode Register to select 
Mode 1 addressing. 


4. Write 28H to the Auxiliary Mode Register. This 
loads 8H to the Auxiliary Register A matching the 
8 MHz clock input to the internal T1 delay counter 
to generate the delay meeting the IEEE spec. 


5. Write the talker/listener address to the Address 
0/1 register. The three most significant bits are 
zero. 


6. Write an ASCII carriage return (ODH)to the EOS 
register. 


7. Write 84H to the Auxiliary Mode Register to allow 
EOI to be sent true when the EOS character is 
sent. 


8. Write OOHto the Auxiliary Mode Register. This 
writes the "Immediate Execute pon" message 
and takes the 8291A from the initialization state 
into the idle state. The 8291A will remain idle until 
the controller initiates some activity by driving 
ATN true. 


Communication. 
The local CPU now polls the 
8291A to determine which controller command has 
been received. 


The controller addresses the 8291A by driving ATN, 
placing MLA (My Listen Address) on the bus and 
driving DAV. If the lower five bits of the MLA mes- 
sage match the address programmed into the Ad- 
dress 0/1 register, the 8291A is addressed to listen. 
It would be addressed to talk if the controller sent 
the MTA message instead of MLA. 


The ADSC bit in the Interrupt Status 2 Register indi- 
cates that the 8291A has been addressed or unad- 
dressed. The TA and LA bits in the Address Status 
Register indicate whether the 8291A is talker (TA = 
1), listener (LA = 1), both (TA = LA = 1) or unad- 
dressed (TA = LA = 0). 


If the 8291A is addressed to listen, the local CPU 
can read the Data-In Register whenever the BI (Byte 
In) interrupt occurs in the Interrupt Status 1 Register. 
If the END bit in the same register is also set, either 
EOI or a data byte matching the pattern in the EOS 
register has been received. 


In the talker mode, the CPU writes data into the 
Byte-Out Register on Ba (Byte Out) true. 


TALKER/LISTENER/CONTROLLER 
SYSTEM 


Combined with the Intel8292, the 8291A executes a 
complete IEEE-488-1978 controller function. The 
8291A talks and listens via the data and handshake 
lines (NRFD, NDAC and DAV). The 8292 controls 
four of the five bus management lines (IFC, SRQ, 
ATN and REN). EOI, the fifth line, is shared. The 
8291A drives and receives EOI when EOI is used as 
an end-of-block indicator. The 8292 drives EOI 
along with ATN during a parallel poll command. 


Once again, assume a general system configuration 
with the following features: (i) Polled system inter- 
face; (ii) 8292 as the system controller and control- 
ler-in-charge; (iii) ASCII carriage return (ODH)as the 
EOS identifier; (iv) EOI sent with the last character; 
and, (v) an external buffer (8282) used to monitor 
the TCI line. 


Initialization. 
In order to send a command across 
the GPIB, the 8292 has to drive ATN, and the 8291A 
has to drive the data lines. Both devices therefore 
need initialization. 


To initialize the 8292: 
1. Pulsethe RESET input. The 8292 will initially drive 
all outputs high. TCI, SPI, OBFI, IBFI and CLTH 
will then go low. The Interrupt Status, Interrupt 
Mask, Error Flag, Error Mask and Timeout regis- 
ters will be cleared. The interrupt counter will be 
disabled and loaded with 255. The 8292 will then 
monitor the status of the SYC pin. If high, the 
8292 will pulse IFC true for at least 100 f-Ls in 
compliance with the IEEE-488-1978 standard. It 
will then take control by asserting ATN. 


To initialize the 8291A, the following is necessary: 
1. Write OOHto Interrupt Enable registers 1 and 2. 


This disables interrupt and DMA. 
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2. With·the 8292 as the controller-in-charge, it is im- 
possible to address the 8292 via the GPIB. There- 
fore, the ton or Ion modes of the 8291A must be 
used. To send commands, set the 8291A in the 
ton mode by writing 80H to the Address Mode 
Register. 


3. Write 26H to the Auxiliary Mode Register to match 
the T1 data settling time to the 6 MHz clock input. 


4. Write an ASCII carriage return (ODH)to the EOS 
Register. 


5. Write 84H to the Auxiliary Mode Register in order 
to enable "Output EOI on EOS sent" and thus 
send EOI with the last character. 


6. Write OOH-Immediate Execute pon-to 
the Aux- 


iliary Mode Register to put the 8291A in the idle 
state. 


Communication. 
Since the 8291A is in the ton 
mode, a BO interrupt is generated as soon as the 
immediate Execute pon command is written. The 
CPU writes the command into the Data Out Regis- 
ter, and repeats it on BO becoming true for as many 
commands as necessary. ATN remains continuously 


true unless the GTSB (Go To Standby) command is 
sent to the 8292. 


ATN has to be false in order to send data rather than 
commands from the controller. To do this, the fol- 
lowing steps are needed: 
1. Enable the TCI interrupt if not already enabled. 
2. Wait for IBF (Input Buffer Full) in the 8292 Inter- 


rupt Status Register to be reset. 


3. Write the GTSB (F6H) command to the 8292 
Command Field Register. 


4. Read the 8282 and wait for TCI to be true. 
5. Write the ton (80H) and pon (OOH)command to 
the 8291A Address Mode Register and Auxiliary 
Mode Registers respectively. 


6. Wait for the BO interrupt to be set in the 8291A. 


7. Write the data to the 8291A Data-Out Register. 


Identically, the user could command the controller to 
listen rather than talk. To do that, write Ion (40H) 
instead of ton into the Address Mode Register. Then 
wait for BI rather than BO to go true. Read the data 
Register. 
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ABSOLUTE 
MAXIMUM 
RATINGS 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 
Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin 
With Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
0.65 Watts 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


D.C. CHARACTERISTICS 
vcc = 5V ± 10%, TA = O°C to 70°C (Commercial) 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


Vu, 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2 
vcc + 0.5 
V 


VOl 
Output Low Voltage 
0.45 
V 
IOl = 2 mA (4 mA for TR1 pin) 


VOH 
Output High Voltage 
2.4 
V 
IOH = - 400 /LA (-150 
/LA for SRQ pin) 


VOH-INT 
Interrupt Output High Voltage 
2.4 
V 
IOH = -400/LA 
3.5 
V 
IOH = -50/LA 


III 
Input Leakage 
10 
/LA 
VIN = OV to vcc 


IOFl 
Output Leakage Current 
±10 
/LA 
Your = 0.45V, vcc 


tee 
vcc Supply Current 
120 
mA 
TA = O°C 


A.C. CHARACTERISTICS 
vcc = 5V + 1O'Vo, TA = O°C to 70°C (Commercial) 
- 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAR 
Address 
Stable Before READ 
0 
ns 


tRA 
Address 
Hold After READ 
0 
ns 


tRR 
READ Width 
140 
ns 


tAO 
Address 
Stable to Data Valid 
250 
ns 


tRO 
READ to Data Valid 
100 
ns 


tROF 
Data Float After READ 
0 
60 
ns 
.. 


tAW 
Address 
Stable Before WRITE 
0 
ns 


tWA 
Address 
Hold After WRITE 
0 


tww 
WRITE Width 
170 
ns 
.. 


tow 
Data Set Up Time to the Trailing 
Edge of WRITE 
130 
ns 


two 
Data Hold Time After WRITE 
<0 
ns 


tOKOR4' 
RD.! 
or WR.! 
to DREQ.! 
130 
ns 


tOKOA6 
RD.! 
to Valid Data (Do-D7) 
200 
ns 
DACK.! 
to RD.! 
0 s: t s: 50 ns 
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A.C. TIMING 
MEASUREMENT 
POINTS AND LOAD CONDITIONS 


INPUT/OUTPUT 


DEVICE 
UNDER 
TEST 
2.4=X 
X=.' 


2.0 
2.0 


0.' > TEST POINTS< 0.8 


0.45 
- 
-- 


205248-10 


A.C. Testing: Inputs are driven at 2.4V for a Logic "I" 
and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "I" 
and 0.8V for a Logic "0". 
iCl = 150pF 
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GPIB TIMINGS(1) 


Symbol 
Parameter 
Max 
Units 
Test Conditions 


TEOT13(2) 
ro.! 
toTR1 t 
135 
ns 
PPSS, ATN = 0.45V 


TEOD16 
ro 
.! to 010 Valid 
155 
ns 
PPSS, ATN = 0.45V 


TEOT12 
rot 
toTR1.! 
155 
ns 
PPSS, ATN~ 
0.45V 


TATND4 
ATN.! 
to NDAG.! 
155 
ns 
TAGS, AIDS 


TATT14 
ATN.! 
to TR1 .! 
155 
ns 
TAGS, AIDS 
." , 


TATT24 
ATN.! 
to TR2.! 
155 
ns 
TAGS, AIDS 


TDVND3·G 
DAV.! 
to NDAC r 
650 
ns 
AH,GAGS 
,. 


TNDDV1 
NDAC t to DAV t 
350 
ns 
SH,STRS 


TNRDR1 
NRFD t to DREQ t 
400 
ns 
SH 


TDVDR3 
DAV.! 
to DREQ t 
600 
ns 
AH, LAGS, ATN = 2.4V 


TDVND2-G 
DAV t to NDAC.! 
350 
ns 
AH, LAGS 


TDVNR1-G 
DAV t to NRFD t 
350 
ns 
AH, LAGS, rdy = True 


TRDNR3 
RD.! 
to NRFD t 
500 
ns 
AH, LAGS 


TWRD15 
WR t 
to 00 Valid 
280 
ns 
SH, TAGS, RS = Q.4V 


TWRE05 
WR t to EOI Valid 
350 
ns 
SH, TAGS 


TWRDV2 
WR t to DAV.! 
830 + tSYNC 
ns 
High Speed Transfers 
Enabled, 


NF = fc, tSYNC = %efc 


NOTES: 
1. All GPIB timings are at the pins of the 8291A. 
2. The last number in the symbol for any GPIB timing parameter. is chosen according to the transition directions of the 
reference signals. The following table describes the numbering scheme. 


T to r 
1 


t to 
.J, 
2 


.J, to t 
3 


.J, to 
.J, 
4 
t to VALID 
5 


.J, to VALID 
6 
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MODIFIED 
STATE 
DIAGRAMS 
APPENDIX 
A 


Figure A-1 presents 
the interface 
function 
state dia- 
grams. 
It is derived 
from 
IEEE Std. state diagrams, 
with the following 
changes: 


A. The 8291 A supports 
the complete 
set of IEEE-. 


488 interface 
functions 
except 
for the controller. 


These include: SH1, AH1, T5, TE5, L3, LE3, SR1, 
RL1, PP1, DC1, DT1, and CO. 


B. Addressing 
modes 
included 
in T, 
L state 
dia- 
grams. 


Note that in Mode 3, MSA, OSA are generated 
only 
after secondary 
address validity check by the micro- 
processor 
(APT interrupt). 


C. In these 
modified 
state diagrams: 
the IEEE-488- 
1978 
convention 
of negative 
(Iow true) 
logic 
is 
followed. 
This 
should 
not be confused 
with the 
Intel pin- and signal-naming 
convention 
based on 
positive 
logic. Thus, while the state diagrams 
be- 
low 
carry 
low 
true 
logic, 
the 
signals 
described 
elsewhere 
in this data sheet 
are consistent 
with 
Intel notation 
and are based on positive 
logic. 


Convention 


Level 
Logic 
IEEE-488 
Intel 


0 
T 
DAV 
DAV 
1 
F 
DAV 
DAV 
0 
T 
NDAC 
NDAC 
1 
.' 
F 
NDAC 
NDAC 
0 
T 
NRFD 
NRFD 
1 
F 
NRFD 
NRFD 


Consider 
the 
condition 
when 
the 
Not-Ready-For- 
Data signal (pin 37) is active. 
Intel indicates 
this ac- 
tive low signal with the symbol 
NRFD (Vour 
S; VOl 
for AH; VIN S; Vu. for SH). The IEEE-488-1978 
Stan- 
dard, in its state diagrams, 
indicates 
the active state 
of this signal (True condition) 
with NRFD. 


D. All remote 
multiline 
messages 
decoded 
are con- 
ditioned 
by ACDS. The multiplication 
by ACDS is 
not drawn to simplify 
the diagrams. 


E. The symbol -» 205248-12 


indicates: 


1. When 
event X occurs, 
the function 
returns 
to 
state S. 


2. X overrides 
any other transition 
condition 
in the 
function. 


Statement 
2 simplifies 
the diagram, 
avoiding 
the ex- 
plicit use of X to condition 
all transitions 
from 
S to 
other states. 


pon 


ATN + F1 
(WITHIN 
'21 


F1 =TACS 
+ SPAS 


r----l 
I 
I 
I 
SH 
I 


I 
I 
L 
..J 


DAV 
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Figure A-1. 8291A State Diagrams 
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r-----, 
I 


AH 
I 
I 
I 
L 
J 


·THIS TRANSITION WILL NEVER 
OCCUR UNOER NORMAL OPERATION. 


t-r DElAY 
IS ABOUT 
300 NS 
FOR DEBOUNCING DAV. 


NDAC 
NRFD 


F3 + TJ'· 
ATN 
·OAV 


END IF (EOI + EOS) RECEIVED 
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pon-----.o~ 


BI 


NRFD 


F2 = ATN + LAGS + LADS 
F3 = ATN + rdy 
T3' 
= T3 • l::P'i' • AJ5T 


pon-----.o..j 


IFC 
(WITHIN t.1 


EOIIF 
DAB = EOS 


F4 = OTA + (OSA • TPAS + MSA. 
LPAS) • 
MC5Drf + MLA. 
MODE 1 


Figure A-1. 8291A State Diagrams 
(Continued) 
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pon---_of 


SPE 


pon-----I 


IFe 
(WITHIN 
14) 


SPD 
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Figure A-1. 8291A State Diagrams 
(Continued) 
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r-----, 
I 


LE 
I 
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Figure A-1. 8291A State Diagrams 
(Continued) 
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15) 


IDV' 
(WITHIN 
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Figure A-1. 8291A State Diagrams 
(Continued) 
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APPENDIX 
B 


Table B-1. IEEE 488 Time Values 


Time Value 
Function 
(Applies to) 
Description 
Value 
Identifier(1) 


T1 
SH 
Settling Time for Multiline Messages 
~ 2 JLs(2) 


t2 
LC. iC. SH. AH. T. L 
Response 
to ATN 
s; 200 ns 


T3 
AH 
Interface 
Message Accept Time(3) 
> 0(4) 


~ 
T. TE. L. LE. C. CE 
Response 
to IFC or REN False 
< 100 JLs 


t5 
pp 
Response 
to ATN + EOI 
:;: 200 ns 


T6 
C 
Parallel Poll Execution 
Time 
~ 2 JLs 
T7 
C 
Controller 
Delay to Allow Current Talker 
~ 500 ns 
to see ATN Message 


T8 
C 
Length of IFC or REN False 
> 100 JLs 
T9 
C 
Delay for EOI(5) 
• 
~ 1.5 JLs(6) 


NOTES: 
1. Time 
values 
specified 
by a lower 
case 
t indicate 
the 
maximum 
time 
allowed 
to make 
a state 
transition. 
Time 
values 


specified 
by an upper 
case T indicate 
the minimum 
time that a function 
must remain 
in a state before 
exiting. 


2. If three-state 
drivers 
are used on the 00. 
DAV, and EaT lines. T1 may be: 


1. " 
1100 ns. 


2. Or " 
700 ns if it is known 
that within 
the controller 
ATN is driven 
by a three-state 
driver. 


3. Or " 
500 ns for all subsequent 
bytes following 
the first sent after each false transition 
of ATN (the first byte must be sent 
in accordance 
with (1) or (2). 


4. Or " B50 ns for all subsequent 
bytes following 
the first sent after each false transition 
of ATN under 
conditions 
specified 
in Section 
5.2.3 and warning 
note. See IEEE Standard 
488. 


3. Time required 
for interface 
functions 
to accept. 
not necessarily 
respond 
to interface 
messages. 


4. Implementation 
dependent. 


5. Delay required 
for W. NDAC, and NRFD 
signal lines to indicate 
valid states. 


6. " 600 ns for three-state 
drivers. 
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APPENDIX 
C 
THE THREE-WIRE 
HANDSHAKE 
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TWRDI5 


,n) 


~ 


I 
VALID 


i 
I 
NOTVALID 
VALID 
f4n- 
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Figure C-1. 3-Wlre Handshake 
Timing at 8291A 
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GPIB CONTROLlER 


• 
Complete IEEE Standard 488 Controller 
Function 


• 
Interface Clear (IFC) Sending Capabilltlf 
Allows Seizure of Bus Control and/or 
Initialization 
of the Bus 


• 
Responds to Service Requests (SRQ) 


• 
Sends Remote Enable (REN), Allowing 
Instruments 
to Switch to Remote 
Control 


• 
Complete Implementation 
of Transfer 
Control Protocol 


• 
Synchronous 
Control Seizure Prevents 
the Destruction 
of Any Data 
Transmission 
in Progress 


• 
Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talker/Listener/Controller 


The 8292 GPIS Controller 
is a microprocessor-controlled 
chip designed 
to function 
with the 8291 GPIS Talk- 
er/Listener 
to implement 
the full IEEE Standard 
488 controller 
function, 
including 
transfer 
control 
protocol. 


The 8292 is a preprogrammed 
Intel® 8041 A. 


MICROPROCESSOR 
SYSTEM BUS 


8291 
GPIB 
TALKERI 
LISTENER 


11'--- 
--~ 
~ 
I 
r:~::-I 
I 
oMA 
oREQ 
I CONTROLLER I 
I 
(OPTIONAL. 
I 
L 
J 


Tilli 


8292 
GPIB 
CONTROllER 


GENERAL 
PURPOSE INTERFACE 
BUS 


Figure 1.8291,8292 Block Dlagr~lm 
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Table 
1. Pin Description 


Symbol 
Pin 
Type 
Name and Function 
Number 


IFCL 
1 
I 
IFC RECEIVED 
(LATCHED): 
The 8292 monitors the IFC Line (when not 
system controller) 
through this pin. 
x., X2 
2,3 
I 
CRYSTAL 
INPUTS: 
Inputs for a crystal, LC or an external timing signal to 
determine 
the internal oscillator 
frequency. 


RESET 
4 
I 
RESET: Used to initialize the chip to a known state during power on. 


CS 
6 
I 
CHIP SELECT 
INPUT: Used to select the 8292 from other devices on the 
common 
data bus. 


RD 
8 
I 
READ ENABLE: 
Allows the master CPU to read from the 8292. 


Aa 
9 
I 
ADDRESS 
LINE: Used to select between 
the data bus and the status 
register during read operations 
and to distinguish 
between 
data and 
commands 
written into the 8292 during write operations. 


WR 
10 
I 
WRITE 
ENABLE: 
Allows the master CPU to write to the 8292. 


SYNC 
11 
0 
SYNC: 8041 A instruction 
cycle synchronization 
signal; it is an output 


clock with a frequency 
of XTAL 
-7 15. 


00-07 
12-19 
1/0 
DATA: 8 bidirectional 
lines used for communication 
between 
the central 
processor 
and the 8292's data bus buffers and status register. 


Vss 
7,20 
P.S. 
GROUND: 
Circuit ground potential. 


SRQ 
21 
I 
SERVICE 
REQUEST: 
One of the IEEE control 
lines. Sampled 
by the 
8292 when it is controller 
in charge. 
If true, SPI interrupt to the master will 


be generated. 


ATNI 
22 
I 
ATTENTION 
IN: Used by the 8292 to monitor the GPISATN 
control 
line. 


If is used during the transfer 
control 
procedure. 


IFC 
23 
1/0 
INTERFACE 
CLEAR: 
One of the GPIS management 
lines, as defined 
by 


IEEE Std. 488·1978, 
places all devices in a known quiescent 
state. 


SYC 
24 
I 
SYSTEM 
CONTROLLER: 
Monitors the system controller 
switch. 


CLTH 
27 
0 
CLEAR 
LATCH: 
Used to clear the IFCR latch after being recognized 
by 
the 8292. Usually low (except after hardware 
Reset), it will be pulsed high 


when IFCR is recognized 
by the 8292. 
. 


ATNO 
29 
0 
ATTENTION 
OUT: Controls 
the ATN control 
line of the bus through 
external 
logic for tcs and tca procedures. 
(ATN is a GPIS control 
line, as 
defined 
by IEEE Std. 488-1978.) 


Vcc 
5,26,40 
P.S. 
VOLTAGE: 
+5V 
supply input ±10%. 


COUNT 
39 
I 
EVENT COUNT: When enabled 
by the proper command 
the internal 
counter will count external events through this pin. High to low transition 
will increment 
the internal counter 
by one. The pin is sampled 
once per 
three internal instruction 
cycles (7.5 usec sample period when using 5 
MHz XTAL). It can be used for byte counting 
when connected 
to NDAC, 
or for block counting 
when connected 
to the EOI. 


REN 
38 
0 
REMOTE 
ENABLE: 
The Remote 
Enable bus signal selects remote or 
local control 
of the device on the bus. A GPIS bus signal selects remote 
or local control of the device on the bus. A GPIS bus management 
line, 
as defined by IEEE Std. 488-1978. 
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Table 
1. Pin Description 
(Continued) 


Symbol 
Pin 
Type 
Name and Function 
No. 


DAV 
37 
I/O 
DATA VALID: Used during parallel poll to force the 8291 to accept the 
parallel poll status bit. It is also used during the tcs procedure. 


IBFI 
36 
0 
INPUT BUFFER NOT FULL: 
Used to interrupt the central processor 
while the input buffer of the 8292 is empty. This feature is enabled 
and 
disabled 
bythe 
interrupt 
mask register. 


OBFI 
36 
0 
OUTPUT 
BUFFER FULL: Used as an interrupt to the central processor 
while the output buffer of the 8292 is full. The feature can be enabled 
and 
disabled 
by the interrupt 
mask register. 


E012 
34 
I/O 
END OR IDENTIFY: 
One of the GPIB management 
lines, as defined 
by 
IEEE Std. 488-1978. 
Used with ATN as Identify Message 
during parallel 
poll. 


SPI 
33 
0 
SPECIAL 
INTERRUPT: 
Used as an interrupt 
on events not initiated 
by 
the central 
processor. 


TCI 
32 
0 
TASK COMPLETE 
INTERRUPT: 
Interrupt to the control 
processor 
used 
to indicate that the task requested 
was completed 
by the 8292 and the 
information 
requested 
is ready in the data bus buffer. 


CIC 
31 
0 
CONTROLLER 
IN CHARGE: Controls 
the SIR input of the SRQ bus 
transceiver. 
It can also be used to indicate that the 8292 is in charge of 
the GPIB bus. 


FUNCTIONAL 
DESCRIPTION 


GPlB 
205250-3 


opus 


TO 
PROCESSOR 
BUS 


The 
8292 
is an Intel 
8041A 
which 
has been 
pro- 
grammed 
as a GPIB Controller 
Interface 
element. 
It 


is used with the 8291 GPIB Talker/Listener 
and two 
8293 GPIB Transceivers 
to form 
a complete 
IEEE- 


488 Bus Interface 
for a microprocessor. 
The electri- 
cal interface 
is performed 
by the transceivers, 
data 


transfer 
is done by the talker/listener, 
and control 
of 


the bus is done 
by the 8292. 
Figure 
3 is a typical 
controller 
interface 
using Intel's GPIB peripherals. 


TO 
PROCESSOR 
BUS 


Figure 3. Talker/Listener/Controller 
Configuration 
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The internal 
RAM in the 8041 A is used as a special 
purpose 
register 
bank for the 8292. 
Most 
of these 
registers 
(except 
for the 
interrupt 
flag) call 
be ac- 
cessed 
through 
commands 
to the 
8292. 
Table 
2 
identifies 
the registers 
used 
by the 8292 
and how 
they are accessed. 


The 8292 can be configured 
to interrupt 
the micro- 
processor 
on one 
of several 
conditions. 
Upon 
re- 
ceipt of the interrupt 
the microprocessor 
must read 
the 8292 interrupt 
status register to determine 
which 
event caused the interrupt. 
and then the appropriate 
subroutine 
can be performed. 
The 
interrupt 
status 
register 
is read with Ao high. With the exception 
of 
OSF and ISF. these 
interrupts 
are enabled 
or dis- 
abled by the SPI interrupt 
mask. OSF and ISF have 
their own bits in the interrupt 
mask (OSFI and ISFI). 


OBF 
Output 
Suffer Full. A byte is waiting to be read 
by the 
microprocessor. 
This 
flag 
is cleared 
when the output data bus buffer is read. 


'BF 
Input Suffer 
Full. The byte previously 
written 
by the microprocessor 
has not been read yet 
by the 8292. 
If another 
byte is written 
to the 
8292 before this flag clears. data will be lost. 
ISF is cleared 
when the 8292 reads the data 
byte. 


'FCR 
Interface 
Clear 
Received. 
The 
GPIS 
system 
controller 
has set IFC. The 8292 has become 
idle and is no longer is charge of the bus. The 
flag 
is cleared 
when 
the 
lACK 
command 
is 
issued. 


EV 
Event Counter 
Interrupt. 
The requested 
num- 
ber of blocks 
of data 
byte 
has been 
trans- 
ferred. The EV interrupt 
flag is cleared 
by the 
lACK command. 


SRQ 
Service 
Request. 
Notified 
the 
8292 
that 
a 
service 
request 
(SRQ) message 
has been re- 
ceived. 
It is cleared 
by the lACK command. 


ERR 
Error occurred. 
The type of error can be de- 
termined 
by reading 
the error status 
register. 


This interrupt 
flag is cleared 
by the lACK com- 
mand. 


SYC 
System 
Controller 
Switch 
Change. 
Notifies 
the 
processor 
that 
the 
state 
of the 
system 
controller 
switch 
has 
changed. 
The 
actual 
state 
is contained 
in the GPIS Status 
Regis- 
ter. 
This 
flag 
is cleared 
by the 
lACK 
com- 
mand. 


The Interrupt 
Mask 
Register 
is used to enable 
fea- 
tures and to mask the SPI and TCI interrupts. 
The 
flags 
in the Interrupt 
Status 
Register 
will be active 
even when masked out. The Interrupt 
Mask Register 
is written 
when 
Ao is low and 
reset 
by the 
RINM 
command. 
When the register 
is read. D1 and D7 are 
undefined. 
An interrupt 
is enabled 
by setting the cor- 
responding 
register 
bit. 


SRQ 
Enable interrupts 
on SRQ received. 


'BF' 
Enable interrupts 
on input buffer empty. 


OBF' 
Enable interrupts 
on output 
buffer full. 


READFROM8292 


Table 
2. 8292 Registers 


WRITETO8292 
INTERRUPTSTATUS 
A() 


I SYC I ERR~J 
EV I 
x 
IIFCR I ISF I OSF 11 
I 
1 
I 


07 
ERRORFLAG 
Do 
07 


I 
x 
I 
x 
I USERI 
x 
I 
x 
ITOUTalTOUT21 
TOUT110' 
0 
I 
0 
CONTROLLER 
STATUS 
'-1C-S-SS-'I-CA---'-x-I 
x 
I SYCSI IFC I REN I SRO 10' I 
1 
I 
1 
I 
1 


.-_.--_.----=cGPIS 
(SUS)STATUS 
I REN I OAV I EOI I 
x 
I SYC I IFC I ANTI I SRO 10' 
0 
I 
0 
I 
0 
EVENTCOUNTERSTATUS 
I 
0 
o 
I 
0 
I 
0 
I 
0 
I 
0 
I 
0 0 
o- 
TIMEOUTSTATUS 


o 
I 
0 
I 
0 
I 
0 
I 
0 
I 
0 
I 
0 
10' 
NOTE:Theseregistersareaccessedbyaspecialutility 
command,seepage7. 
I 
0 


INTERRUPTMASK 
Ao 


SPI I TCI I SYC I OSFII ISFI I 
0 
I SRO I 0 
ERRORMASK 
Do 


I USERI 
0 
I 
0 
ITOUTaITOUT2~ 
0 
COMMANDFIELD 


EVENTCOUNTER 


I 
0 
I 
0 
I 
TIMEOUT 
~ 


I 


o 
I 


o I 


C 
I 
C 
11 


o 
I 
0 
10' 


o 
I 
0 
10' 
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SYC 
Enable 
interrupts 
on a change 
in the system 
controller 
switch. 


TCI 
Enable interrupts 
on the task completed. 


SPI 
Enable interrupts 
on special 
events. 


NOTE: 
The 
event 
counter 
is enabled 
by the 
GSEC 
com- 
mand, 
the 
error 
interrupt 
is enabled 
by the 
error 
mask register, 
and IFC cannot 
be masked 
(it will al- 
ways cause an interrupt). 


The Controller 
Status 
Register 
is used to determine 
the status of the controller 
function. 
This register 
is 
accessed 
by the RCST command. 


SRQ 
Service 
Request 
line active 
(CSRS). 


REN 
Sending 
Remote 
Enable. 


IFC 
Sending 
or receiving 
interface 
clear. 


SYCS 
System 
Controller 
Switch 
Status (SACS). 


CA 
Controller 
Active 
(CACS 
+ 
CAWS 
+ 
CSWS). 


CSBS 
Controller 
Stand-by 
State 
(CSSS, 
CA) 
(O,O)--Controller 
Idle. 


SR(~ 


Do 


This register contains 
GPIS bus status information. 
It 
can be used by the microprocessor 
to monitor 
and 
manage 
the 
bus. The 
GPIS 
Sus Register 
can 
be 
read using the RSST command. 


Each of these status bits reflect the current status of 
the corresponding 
pin on the 8292. 


SRQ 
Service 
Request 


ATNI 
Attention 
In 


IFC 
Interface 
Clear 


SYC 
System 
Controller 
Switch 


EOI 
End or Identify 


DAV 
Data Valid 


REN 
Remote 
Enable 


The Event Counter 
Register 
contains 
the initial value 
for the event counter. 
The counter 
can count pulses 
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on pin 39 of the 8292 (COUNT). 
It can be connected 
to EOI or NDAC to count blocks or bytes respective- 
ly during standby 
state. A count of zero equals 
256. 


This register cannot 
be read, and is written 
using the 
WEVC command. 


This register 
contains 
the current 
value in the event 
counter. 
The 
event 
counter 
counts 
back 
from 
the 
initial value stored 
in the Event Counter 
Register 
to 
zero and then generates 
an Event Counter 
Interrupt. 


This register 
cannot 
be written 
and can be read us- 
ing a REVC command. 


The 
Time 
Out 
Register 
is used 
to store 
the 
time 
used for the time out error function. 
See the individu- 
al timeouts 
(TOUT1, 
2, 3) to determine 
the units of 
this counter. 
This Time Out Register 
cannot 
be read, 
and it is written 
with the WTOUT 
command. 


This register 
contains 
the current 
value 
in the time 
out counter. 
The time out counter 
decrements 
from 
the original 
value 
stored 
in the Time 
Out Register. 


When zero is reached, 
the appropriate 
error interrupt 
is generated. 
If the register 
is read while none of the 
time out functions 
are active, the register will contain 
the last value reached 
the last time a function 
was 
active. The Time Out Status Register 
cannot 
be writ- 


ten, and it is read with RTOUT 
command. 


Error Flag Register 


~ 
TOUT31 
TOUT2! 
TOUT1 
! 


Four errors are flagged 
by the 8292 with a bit in the 
Error 
Flag 
Register. 
Each 
of these 
errors 
can 
be 
masked 
by the Error Mask Register. 
The Error Flag 
Register 
cannot 
be written, 
and 
it is read 
by the 
lACK command 
when the error flag in the Interrupt 
Status Register 
is set. 


TOUT1 
Time Out Error 1 occurs 
when the current 
controller 
has not stopped 
sending 
ATN af- 
ter receiving 
the TCT message 
for the time 
period 
specified 
by the Time Out Register. 


Each count 
in the Time Out Register 
is at 
least 1800 tcy. 
After flagging 
the error, the 
8292 will remain in a loop trying to take con- 
trol until the current 
controller 
stops 
send- 


inter 
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ing ATN or a new command is written by 
the microprocessor. If a new command is 
written, the 8292 will return to the loop after 
executing it. 


TOUT2 Time Out Error 2 occurs when the transmis- 


sion between the addressed talker and lis- 
-tener has not started for the time period 
specified by the Time Out Register. Each 
count in the Time Out Register is at least 45 
tCY. This feature is only enabled when the 
controller is in the CSSS state. 


TOUT3 Time Out Error 3 occurs when the hand- 
shake signals are stuck and the 8292 is not 
succeeding in taking control synchronously 
for the time period specified by the Time 
Out Register. Each count in the Time Out 
Register is at least 1800 tCY.The 8292 will 
continue checking ATNI untillt 
becomes 
true or a new commnand is received. After 
performing the new command, the 8292 will 
return to the ATNI checking loop. 
USER 
User error occurs when request to assert 
IFC or REN was received and the 8292 was 
not the system controller. 


Error Mask Register 


~ 
TOUT31 TOUT21 TOUT11 


D7 
Do 


The Error Mask Register is used to mask the inter- 
rupt from a particular type of error. Each type of error 
interrupt is enabled by setting the corresponding bit 
in the Error Mask Register. This register can be read 
with the RERM command and written with Ao low. 


Command Register 


Do 


Commands are performed by the 8292 whenever a 
byte is written with Ao high. There are two categories 
of commands distinguished by the OP bit (bit 4). The 
first category is the operation command (OP = 1). 
These commands initiate some action on the inter- 
face bus. The second category is the utility com- 
mand (OP = 0). These commands are used to aid 
the communication between the processor and the 
8292. 


OPERATION 
COMMANDS 


Operation commands initiate some action on the 
GPIS interface bus. It is using these commands that 
the control functions such as polling, taking and 
passing control, and system controller functions are 
performed. 


Fo-SPCNI-Stop 
Counter Interrupts 


This command disables the internal counter inter- 
rupt so that the 8292 will stop interrupting the master 
on event counter underflows. However, the counter 
will continue counting and its contents can still be 
used. 


F1-GIDL-Go 
To Idle 


This command is used during the transfer of control 
procedure while transferring control to another con- 
troller. The 8292 will respond to this command only 
if it is in the active state. ATNO will go high, and CIC 
will be high so that this 8292 will no longer be driving 
the ATN line on the GPIS interface bus. TCI will be 
set upon completion. 


F2-RST -Reset 


This command has the same effect as asserting the 
external reset on the 8292. For details, refer to the 
reset procedure described later. 


F3-RSTI-Reset 
Interrupts 


This command resets any pending interrupts and 
clears the error flags. The 8292 will not return to any 
loop it was in (such as from the time out interrupts). 


F4-GSEC-Go 
To Standby, Enable Counting 


The function causes ATNO to go high and the coun- 
ter will be enabled. If the 8292 was not the active 
controller, this command will exit immediately. If the 
8292 is the active controller, the counter will be 
loaded with the value stored in the Event Counter 
Register, and the internal interrupt will be enabled so 
that when the counter reaches zero, the SPI inter- 
rupt will be generated. SPI will be generated every 
256 counts thereafter until the controller exits the 
standby state or the SPCNI command is written. An 
initial count of 256 (zero in the Event Counter Regis- 
ter) will be used if the WEVC command is not exe- 
cuted. If the data transmission does not start, a 
TOUT2 error will be generated. 


F5-EXPP-Execute 
Parallel Poll 


This command initiates a parallel poll by asserting 
EOI when ATN is already active. TCI will be set at 
the end of the command. The 8291 should be previ- 
ously configured as a listener. Upon detection of 
DAV true, the 8291 enters ACDS and latches the 


. parallel poll response (PPR) byte into its data in reg- 
ister. The master will be interrupted by the 8291 SI 
interrupt when the PPR byte is available. No inter- 
rupts except the ISFI will be generated by the 8292. 
The 8292 will respond to this command only when it 
is the active controller. 
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F6-GTSB-Go 
To Stand by 


If the 8292 is the active controller, 
ATNO will go hiqh 
then TGI will be generated. 
If the data transmission 
does not start, a TOUT2 
error will be generated. 


F7-SLOC-Set 
Local Mode 


If the 8292 is the system controller, 
then REN will be 
asserted 
false and TGI will be set true. If it is not the 
system controller, 
the User Error bit will be set in the 
Error Flag Register. 


F8-SREM-Set 
Interface To Remote Control 


This command 
will set REN true and TGI true if this 
8292 is the system 
controller. 
If not, the User Error 
bit will be set in the Error Flag Register. 


F9-ABORT -Abort 
All Operation, Clear 
Interface 


This command 
will cause IFG to be asserted 
true for 
at least 100 usec if this 8292 is the system 
control- 
ler. If it is in GIDS, it will take control 
over the bus 
(see the TGNTR command). 
. 


FA-TCNTR-Take 
Control 


The transfer 
of control 
procedure 
is coordinated 
by 
the master with the 8291 and 8292. When the mas- 
ter receives 
a TGT message 
from the 8291, it should 


issue the TGNTR command 
to the 8292. The follow- 
ing events 
occur to take control: 


1) The 8292 checks to see if it is in GIDS, and if not, 
it exits. 


2) Then ATNI is checked 
until it becomes 
high. If the 
current 
controller 
does 
not release 
ATN 
for the 
time specified 
by the Time Out Register, 
then a 
TOUT1 
error is generated. 
The 8292 will return to 
this loop after an error 
or any command 
except 
the RST and RSTI commands. 


3) After 
the 
current 
controller 
releases 
ATN, 
the 
8292 will assert ATNO and GIG low. 


4) Finally, 
the TGI interrupt 
is generated 
to inform 
the master that it is in control 
of the bus. 


FC-TCASY-Take 
Control AsynChronously 


TGAS transfers 
the 8292 from GSBS to GAGS inde- 
pendent 
of the handshake 
lines. If a bus hangup 
is 
detected 
(by an error flag), this command 
will force 
the 8292 to take control 
(asserting 
ATN) even if the 
AH function 
is not in ANRS 
(Acceptor 
Not 
Ready 
State). This command 
should be used very carefully 
since it may cause the loss of a data byte. Normally, 
control 
should be taken synchronously. 
After check- 


ing the 
controller 
function 
for 
being 
in the 
GSBS 
(else it will exit immediately), 
ATNO will go low, and 
a TGI interrupt 
will be generated. 


FD-TCSY-Take 
Control Synchronously 


There are two different 
procedures 
used to transfer 
the 
8292 
from 
GSBS 
to GAGS depending 
on the 


state 
of the 8291 
in the system. 
If the 
8291 
is in 


"continuous 
AH cycling" 
mode (Aux. Reg. AO = A 1 


= 
1), then the following 
procedures 
should 
be fol- 
lowed: 


1) The master 
microprocessor 
stops the continuous 
AH cycling 
mode in the 8291; 


2) The 
master 
reads 
the 
8291 
Interrupt 
Status 
1 
Register; 


3) If the END bit is set, the master 
sends the TGSY 
command 
to the 8292; 


4) If the END bit was not set, the master 
reads the 
8291 Data In Register 
and then waits for another 


BI interrupt 
from 
the 8291. 
When 
it occurs, 
the 
master sends the 8292 the TGSY command. 


If the 8291 is not in AH cycling 
mode, then the mas- 
ter just waits for a BI interrupt 
and then 
sends 
the 
TGSY 
command. 
After 
the 
TGSY 
command 
has 
been 
issued, 
the 8292 
checks 
for GSBS. 
If GSBS, 


then 
it exits the routine. 
Otherwise, 
it then 
checks 
the DAV bit in the GPIB status. When DAV becomes 
false, the 8292 will wait for at least 
1.Ei usec: (T10) 
and then ATNO will go low. If DAV does not go low, 
a TOUT3 
error will be generated. 
If the 8292 
suc- 


cessfully 
takes control, 
it sets TGI true. 


FE-STCNI-Start 
Counter Interrupts 


This 
command 
enables 
the 
internal 
counter 
inter- 


rupt. 
The 
counter 
is enabled 
by the 
GSEG 
com- 


mand. 
. 


UTILITY 
COMMANDS 


All these commands 
are either Read or Write to reg- 


isters in the 8292. Note that writing to the Error Mask 
Register 
and the Interrupt 
Mask 
Register 
are done 


directly. 


E1-WTOUT-Write 
To Time Out Register 


The byte written to the data bus buffer (with Aa = 0) 
following 
this command 
will determine 
the time used 
for the time out function. 
Since this function 
is imple- 


mented 
in software, 
this will not be an accurate 
time 
measurement. 
This feature 
is enable 
or disable 
by 
the Error Mask Register. 
No interrupts 
except for the 
IBFI will be generated 
upon completion. 
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E2-WEVC-Write 
To Event Counter 


The byte written to the data bus buffer (with Ao = 0) 
following 
this command 
will be loaded into the Event 
Counter 
Register 
and the Event Counter 
Status for 
byte counting 
of EOI counting. 
Only IBFI will indicate 
completion 
of this command. 


E3-REVC-Read 
Event Counter Status 


This command 
transfers 
the contents 
of the Event 
Counter 
into the data bus buffer. A TCI is generated 
when the data is available 
in the data bus buffer. 


E4-RERF-Read 
Error Flag Register 


This command 
transfers 
the contents 
of the 
Error 
Flag Register 
into the data bus buffer. A TCI is gen- 
erated when the data is available. 


E5-RINM-Read 
Interrupt Mask Register 


This command 
transfers 
the contents 
of the 
Inter- 
rupt Mask Register 
into the data bus buffer. This reg- 


ister is available 
to the processor 
so that it does not 
need to store 
this information 
elsewhere. 
A TCI is 
generated 
when the data is available 
in the data bus 
buffer. 


E6-RCST -Read 
Controller Status Register 


This command 
transfers 
the contents 
of the Control- 
ler Status Register into the data bus buffer and a TCI 
interrupt 
is generated. 


E7-RBST -Read 
GPIB Bus Status Register 


This command 
transfers 
the contents 
of the 
GPIB 
Bus Status "Register into the data bus buffer, 
and a 
TCI interrupt 
is generated 
when the data is available. 


E9-RTOUT -Read 
Time Out Status Register 


This command 
transfers 
the contents 
of the Time 
Out Status 
Register 
into the data bus buffer, and a 
TCI interrupt 
is generated 
when the data is available. 


EA-RERM-Read 
Error Mask Register 


This command 
transfers 
the contents 
of the 
Error 
Mask 
Register 
to the 
data 
bus buffer 
so that 
the 
processor 
does 
not need 
to store 
this 
information 
elsewhere. 
A TCI interrupt 
is generated 
when 
the 
data is available. 


Each named bit in an Interrupt 
Acknowledge 
(lACK) 
corresponds 
to a flag in the Interrupt 
Status 
Regis- 
ter. When 
the 8292 
receives 
this command, 
it will 


clear the SPI and the corresponding 
bits in the Inter- 
rupt Status Register. 
If not all the bits were cleared, 
then the SPI will be set true again. If the error flag is 
not acknowledged 
by the lACK command, 
then the 
Error 
Flag Register 
will be transferred 
to the data 
bus buffer, and a TCI will be generated. 


NOTE: 
XXXX1X11 
is an undefined 
operation 
or utility com- 
mand, so no conflict 
exists between 
the lACK oper- 
ation and utility commands. 


SYSTEM 
OPERATION 


8292 To Master Processor Interface 


Communication 
between 
the 8292 
and the 
Master 
Processor 
can be either interrupt 
based communica- 
tion or based upon polling the interrupt 
status regis- 
ter in predetermined 
intervals. 


Interrupt Based Communication 


Four different 
interrupts 
are available 
from the 8292: 


OBFI Output 
Buffer Full Interrupt 
IBFI 
Input Buffer Not Full Interrupt 
TCI 
Task Completed 
Interrupt 
SPI 
Special 
Interrupt 


Each of the interrupts 
is enabled 
or disabled 
by a bit 
in the interrupt 
mask register. 
Since OBFI and IBFI 
are directly connected 
to the OBF and IBF flags, the 
master 
can write a new command 
to the input data 
bus buffer 
as soon 
as the previous 
command 
has 
been read. 


The TCI interrupt 
is useful when the master 
is send- 


ing commands 
to the 8292. The pending TCI will be 
cleared 
with 
each 
new 
command 
written 
to 
the 
8292. Commands 
sent to the 8292 can be divided 
into two major groups: 


1) Commands 
that require 
response 
back from the 
8292 to the master, 
e.g., reading 
register. 


2) Commands 
that 
initiate 
some 
action 
or enable 
features 
but do not require 
response 
back 
from 
the 8292, e.g., enable 
data bus buffer interrupts. 
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With the first group, the TCI interrupt will be used to 
indicate that the required response is ready in the 
data bus buffer and the master rnay continue and 
read it. With the second group, the interrupt will be 
used to indicate completion of the required task, so 
that the master may send new commands. 


The SPI should be used when immediate informa- 
tion or special events is required (see the Interrupt 
Status Register). 


"Polling 
Status" 
Based Communication 


When interrupt based communication is not desired, 
all interrupts can be masked by the interrupt mask 
register. The communication with the 8292 is based 
upon sequential poll of the interrupt status register. 
By testing the OBF and IBF flags, the data bus buff- 
er status is determined while special events are de- 
termined by testing the other bits. 


Receiving 
IFC 


The IFC pulse defined by the IEEE-488 standard is 
at least 100 /Lsec. In this time, all operation on the 
bus should be aborted. Most important, the current 
controller (the one that is in charge at that time) 
should stop sending ATN or EOI. Thus, IFC must 
externally gate GiG (controller in charge) and AT 0 
to ensure that this occurs. 


Reset and Power 
Up Procedure 


After the 8292 has been reset either by the external 
reset pin, the device being powered on, or a RST 
command, the .following sequential events will take 
place: 


1) All outputs t~e 
GPIB interface will~ 
high 
(SRQ, ATNI, IFC, SYC, CLTH, ATNO, CIC, TCI, 
SPI, EOI, OBFI, IBFI, OAV, REV). 


2) The four interrupt outputs (TCI, SPI, OBFI, IBFI) 
and CLTH output will go low. 


3) The following registers will be cleared: 
Interrrupt Status 


Interrupt Mask 


Error FI~g 
Erorr Mask 
Time Out 
Event Counter (= 256), counter is disabled. 


4) If the 8292 is the system controller, and ABORT 
command will be executed, the 8292 will become 
the controller in charge, and it will enter the CACS 
state. 
If it is not the system controller, it will remain in 
CIOS. 


System 
Configuration 


The 8291 and 8292 must be interfaced to an IEEE- 
488 bus meeting a variety of specifications including 
drive capability and loading characteristics. To inter- 
face the 8291 and the 8292 without the 8293's, sev- 
eral external gates are required, using a configura- 
tion similar to that used in Figure 5. 
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GP'S 
TRANSCEIVERS 


r------,~E~0~1--------~N~OT~E~1~--~~~~_r------------~ 
~ 
EOI 


PROCESSOR 
IUS 


INTERRUPT 
WA AD RSTeLK 
ADD 
DATA 


l- 
t- 
I-- 


L.- 
I-- 


- 
t-- 
l- 
t-- 
l- 
t-- 


DMA 


~ 


1201 


DREO 


. 
~ 
DACK 


~ 
__ ~/IDATA 


l' Rs" 


t---t~IRS1 


1----t~IRS. 


1----t~1 
CLOCK 


t----t~RESET 
I----o-tiiii. 
I----o-IWA 


t------tINT 
CS 


liRa 


NOTE2 ~ 


•.. 


31> 
ATN 


3c 
NDAC 


3d 
H"FO 


l- 
t-- 


CUH 


lot-------~I 
Ao 
lot-----"---I 
CS 


iiii 


'---------'------<~I 
RESET 


DATA 


I •.•... 
' 


45 
IDIO 


~ 


~DAY 


SYC 


I' 
,.-.,-----+-"1.. 
2. 


- 


WR 


1212 


tw; 


le 
SRQ 
T,..-;;CO:U::;N"'T----------' 
To 
IFCl 


NOTES: 
1. Connect 
to NDAC for byte count 
or to EOI for block count. 


2. Gate ensures 
open collector 
operation 
during parallel 
poll. 


SYSTEM 
CONTROLLER 
T•.7K 


ON~ 


1d 
EOI 


,. 


205250-4 


ATN 


SWITCH 


IFC 


Figure 4. 8291 and 8292 System Configuration 
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TO MICROPROCESSOR 


TO 
MICROPROCESSOR 


~ 
0101 
21 
25 
0101 
0101· ~ 
DO 
rE- 
D' 
29 
23 
DI02 
D102' 
r!!- 
0102 
~ 
D2 
iij03 
30 
'0 
DI03 
0103· r-!.!.- 


r!! 
D3 
3' 
r 
9 
DIeM 
0104- uz, 


16 
010•• 
~ 
32 
I 
r-!.!.- 
17 
D5 
DI05 
0105 
D105' 
, 
,. 
33 
7 
DIOI 
DIOI' ~ 
01 
D'OI 
'9 
D7 
D'07 
34 
6 
DI07 
0101· t-!!... 


2' 
RSO 
129' 
DIOI 
35 
5 
DIOI 
1293 
.,.!!.. 


OIOS- 
22 
RS' 
, 
, 


23 
TIR1 
T/R1 
RS2 
DAV 
36 
24 
DAV 
DAV' ~ 
9 
AD 
'0 
ifOi 
3' 
~ 
3 
EOI 
WR 
4 
ATN 
26 
4 
ATN 
RESET 
6 
DREO 
27 
SRD 
7 
DACK 
24 
iFC 
I 
Cs 
31 
3 
CLOCK 
NDAC 
NAFti 
37 
" 
INT 


TlR2 
2 
~ 
ATNO 
OPTA .,E- ve 
IB 
5 
~ 


,.2.. 
Jl!.. vc 
R 
TRIG 
REN 
IFCl 
OPTB 
T 
MODE3 


[, 
t 


ill. 
DO 
DAV ,E. 
.....!.. 


T/R1 
L.....!!. 


D' 
4 
A'fii 
~ 
D2 
'0 
NDAC 
NDAC 
r-!.!.- 
~ 
D3 
, 
ImIli 
NRFD uz, 
16 ~ 
2 
Tlii2 
17 
D5 
,. 
$RQ 
2' 
• 
SRD 
SRD' 
r-!.!.- 
oe 
11 
D7 
REN 
31 
• 
REN 
REN' 
r!!- 
, 
AD 
1292 
Wc 
23 
5 
IFC 
1293 
~ 
IFC' 
I 
AD 
29 
23 
t!!- 


'0 
A'fii15 
ATNO 
ATN- 
•... 


WR 
3' 
3 
EOI 
~ 
4 
RESET" 
COUNT 
EOI' 
•... 
34 
7 
EOl2 


1 


• Cs 
EOl2 


32 
22 
" 
ATNI 
TCI 
ATHI 
33 
SPI 
35 
OBFI 
31 
IBFI 
R 
" 
SYNC 
T 
VCC ---!. 
SS 
IFC[ , 
25 
ifC[ 
~ 
X,, 
CIC 
3' 
24 
CIC 
~, 
27 
2' 
ClTH 
OPTA .,E-v 
X,, 
ClTH 


'S~5PFt r 


24 
22 
SYC 
OPTB 
~V 
EA 
SYC 


DC 
MODE 
2 


ON 
SYSTEM 
CONTROllER 


GP 
TRIGGE 
OUTPU 


TO 
MICROPROCESSOR 


OSCllLATO 
OUTPU 


SWITCH 
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NOTES: 
• = GPIS bus transceiver 
t = See 8041 data sheet for alternate 
crystal 
configurations 


tt = Can connect 
to system 
reset switch, 
see 8041A 
data sheet 


Figure 5, 8291, 8292, and 8293 System Configuration 
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ABSOLUTE 
MAXIMUM 
RATINGS* 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Ambient Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
to Any Pin with Respect 
to Ground 
0.5V to + 7V 


Power Dissipation 
1.5 Watt 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


D.C. CHARACTERISTICS 
TA = O°C to 70°C, VSS = OV: 8292, VCC = ± 5V ± 10% 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL1 
Input Low Voltage 
(All Except X1, X2, RESET) 
-0.5 
0.8 
V 


VIL2 
Input Low Voltage 
(X1' X2, RESET) 
-0.5 
06 
V 


.,. 


VIH1 
Input High Voltage 
(All Except X1, X2, RESET) 
. 
2.2 
Vcc 
V 


VIH2 
Input High Voltage 
(X1' X2, RESET) 
3.8 
Vcc 
V 


VOL1 
Output Low Voltage 
(Do-D7) 
0.45 
V 
IOL = 2.0mA 


VOL2 
Output Low Voltage 
(All Other Outputs) 
0.45 
V 
IOL = 1.6 mA 


VOH1 
Output High Voltage 
(Do-D7) 
2.4 
V 
IOH = -400/-LA 


VOH2 
Output High Voltage 
(All Other Outputs) 
2.4 
V 
IOH = -50/-LA 


IlL 
Input Leakage Current (COUNT, 
IFCL, RD, WR, CS, Aa 
±10 
/-LA Vss 
S; VIN S; vcc 


loz 
Output Leakage Current (Do-D7, 
High Z State) 
±10 
/-LA Vss + 0.45 S; VIN S; vcc 


IU1 
Low Input Load Current (Pins 21-24, 
27 -38) 
0.5 
mA 
VIL = 0.8V 


IU2 
Low Input Load Current (RESET) 
0.2 
mA 
VIL = 0.8V 


lee 
Total Supply Current 
125 
mA 
Typical = 65 mA 


IIH 
Input High Leakage Current (Pins 21-24,27 
-38) 
100 
/-LA VIN = vcc 


CIN 
Input Capacitance 
10 
pF 


CI/O 
I/O Capacitance 
20 
pF 
- 


A.C. CHARACTERISTICS 
TA = 0°Cto70°C, 
vss = OV:8292, vcc = ±5V 
±10% 


DBB READ 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAR 
CS, Ao Setup to RD ..t.. 
0 
ns 


tRA 
CS, Ao Hold to RD T 
0 
ns 


tRR 
RD Pulse Width 
250 
ns 


tAD 
CS, Aa to Data Out Delay 
225 
ns 
CL = 150 pF 


tRD 
RD..t.. to Data Out Delay 
225 
ns 
CL = 150 pF 


tDF 
RD t to Data Float Delay 
100 
ns 


tCY 
Cycle Time 
2.5 
15 
/-Ls 
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DBB WRITE 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAW 
CS, Aa Setup to WR ,L 
0 
ns 


tWA 
CS, Aa Hold after WR T 
0 
ns 


tww 
WR Pulse Width 
250 
ns 
:. 


tDW 
Data Setup to WR j 
150 
ns 


tWD 
Data Hold after WR ,L 
0 
ns 


COMMAND 
TIMINGS(1,3) 


Code 
Name 
Execution IBFfT TCI(2) 
SPI 
ATNO 
CIC 
IFC 
REN 
EOI 
DAY 
Comments 
Time 


E1 
WTOUT 
63 
24 


E2 
WEVC 
63 
24, 


E3 
REVC 
71 
24 
51 


E4 
RERF 
67 
24 
47 


E5 
RINM 
69 
24 
49 


E6 
RCST 
97 
24 
77 


E7 
RBST 
92 
24 
72 


E8 


E9 
RTOUT 
69 
24 
49 


EA 
RERM 
69 
24 
49 


FO 
SPCNI 
53 
24 
Count Stops after 39 


F1 
GIOL 
88 
24 
70 
j61 
j61 


F2 
RST 
94 
24 
,L 52 
Not System Controller 


F2 
RST 
214 
24 
192 
,L 52 
,L179 
,L174 
,L 101 
System Controller 


F3 
RSTI 
61 
24 


F4 
GSEC 
125 
24 
107 
j98 


F5 
EXPP 
75 
24 
,L 53 
,L55 
j59 
j57 


F6 
GTSB 
118 
24 
100 
j91 


I 


F7 
SLOC 
73 
24 
55 
j46 


F8 
SREM 
91 
24 
73 
,L 64 


F9 
ABORT 
155 
24 
133 
,L120 
,L 115 
,L42 


FA 
TCNTR 
108 
24 
86 
,L 71 
,L68 


FC 
TCAS 
92 
24 
67 
,L55 


FD 
TCSY 
115 
24 
91 
,L80 


FE 
STCNI 
59 
24 
Starts Count after 43 


PIN 
RESET 
29 
- 
,L7 
,L7 
Not System Controller 


X 
lACK 
116 
- 


,L 73 
If Interrupt 
Pending 
j98 


NOTES: 
1. All times 
are multiples 
of tcv 
from the 8041A 
command 
interrupt. 


2. TCI clears 
after 7 tcv 
on all commands. 
3. i indicates 
a level transition 
from 
low to high, J. indicates 
a high to low transition. 
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A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 
"=X 
x= 


2.0 
2.0 
> TEST 
POINTS < 
0.' 
0.1 
0.45 


205250-6 
A.C. Testing: 
Inputs 
are driven 
at 2.4V lor a Logic 
"1" 
and 0.45V 
lor 
a Logic 
"0". 
Timing 
measurements 
are 
made 
at 2.0V 
lor 
a 
Logic 
"1" 
and 0.8V lor a Logic 
"0". 


A.C. TESTING 
LOAD 
CIRCUI1' 
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CLOCK 
DRIVER 
CIRCUITS 


CRYSTAL 
OSCILLATOR 
MODE 


< 15 pF 
(INCLUDES XTAL. 
SOCKET. STRAY) 


DEVICE 
UNDER 
TEST 


r----- 
2 
XTAl1 
1 
16mHz 


.., 
~ 
I 
I 
I 
L_____ 
3 
XTAL2 


15-25 
pF 
(INCLUDES SOCKET. I 
STRAY) 
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NOTE: 
Crystal 
series 
resistance 
should 
be 
<750 
at 6 MHz; 


<1600 
at 3.6 MHz. 


LC OSCILLATOR 
MODE 


CL Include 
Jig Capacitance. 


DRIVING 
FROM EXTERNAL 
SOURCE 


+5V 


41011 


+ 5V 
t>---+-------; 
XTAL1 


41011 


L-_~ 
__ 
""::; 
XTAL2 


NOTE: 
205250-9 


Both XTAL1 and XTAL2 should 
be driven. 
Resistors 
to 


VCC 
are needed 
to ensure 
V)H = 
2.6V 
if TIL 
circuitry 
is used. 


.le 


~, 


XTAlI 


L 
C 
NOMINALf 
45)oLH 
20pF 
5.2MHz 
1 
120 )oLH 
20pF 
3.2MHz 
+1, 


I ~ 21r.f[C' 


C,~C+3Cpp 


3 
2 
XTAl: 


NOTES: 
205250-10 


1. Cpp 
:::::5-10 
pF pin-to-pin 
capacitance 
2. Each C should 
be approximately 
20 pF, including 
stray capacitance. 
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WAVEFORMS 


READ OPERATION-DATA 
BUS BUFFER REGISTER 


cs OR Ao 
(SYSTEM'S 
ADDRESS 
BUS) 


-1AA- 


DATA BUS 
(OUTPUn 


1--------100--------1 
1 
10Y-------·1 


AD 


(READ CONTROL) 


205250-11 


WRITE OPERATION-DATA 
BUS BUFFER REGISTER 


CSORAo~ 
(SYSTEM'S 
ADDRESS 
BUS) 
__ 
...:.....::.=.....:............:..:.:....:..: 
_ 


-IAW-II-IWW 


(WRITE CONTR~~ 
~'-- 
.....,;,__ 
--' 


IWD 
-tow- 
- 


~~ 
~ 
~ 
~ 
DUA 
DATA VALID 
(INPUT) 
M.,.A_Y.,;,C 
...HA.,;,N 
.•.G:.;E.....,;, 
__ 
-/ ~-------:f'\. 
......::M::A:..:.Y.:C::..:H:;;AN:.:;G:;E=- _ 
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APPENDIX 
A 


The following 
tables and state diagrams 
were taken from the IEEE Standard 
Digital Interface 
for Programma- 
ble tnstrurnentatlon, 
IEEE Std. 488-1978. 
This document 
is the official 
standard 
for the GPIS bus and can be 
purchased 
from IEEE, 345 East 47th St., New York, NY 10017. 


C MNEMONICS 


Messages 
Interface States 


pon = power on 
Clos 
= controller 
idle state 
rsc 
= request system control 
CADS 
= controller 
addressed state 
rpp = request parallel poll 
CTRS 
= controller 
transfer state 
gts 
= go to standby 
CACS 
= controller 
active state 
tca 
= take control asynchronously 
CPWS 
= controller 
parallel poll wait state 
tcs 
= take control synchronously 
CPPS 
= controller 
parallel poll state 
sic 
= send interface clear 
CSBS 
= controller 
standby state 
sre = send remote enable 
CSHS 
= controller 
standby hold state 
IFC = interface clear 
CAWS 
= controller 
active wait state 
ATN = attention 
CSWS 
= controller 
synchronous 
wait state 
TCT = take control 
CSRS 
= controller 
service requested state 
CSNS 
= controller 
service not requested state 
SNAS 
= system control not active state 
SACS 
="system control active state 
SRIS 
= system control remote enable idle state 
SRNS 
= system control remote enable not active state 
SRAS 
= system control remote enable active state 
SIlS 
= system control interface clear idle state 
SINS 
= system control interface clear not active state 
SIAS 
= system control interface clear active state 
~ 
= accept data state (AH function) 
~ 
= acceptor not ready state (AH function) 
~ 
= source delay state (SH function) 
~ 
= source transfer state (SH function) 
~ 
= talker addressed state (T function) 
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(.) 0 
.J,. 
C/I 


<0 
S-ioi" 
IQ 
iil3 


pon-lCIDSJ- 
~ 
e 
WC 
1\ (SACS)/'-../ 
CTRS 


(WITHINI.) 


(IFC 1\ (ACDS) 1\ ITCT 1\ (TAY5)1 


1\ 


"TI 
iC 
c: 
iil 
~..•. 


ICI 
1\ (ANRS) 


SRQ 
~a 
~~ 


flC 
e::=:=:e 


(SACS) 
1\ alc 
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NOTES; 
• T10 > 1.5 ,..sec 
t The microprocessor 
must wait for the BO interrupt 
before 
writing 
the GTSB 
or GSEC 
commands 
to ensure 
that (SiRS 11 ~) 
is true. 


I 


cl 


CIC) 
I\) 
CD 
I\) 
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REMOTE 
MESSAGE 
CODING 


Bus Signal Line(s) and Coding That 
Asserts the True Value of the Message 
C 
Mnemonic 
Message 
Name 
T 
L 
D 
D 
NN 
Y 
A 
I 
I 
DRD 
A E SIR 
P 
S 0 
0 
AFA 
TORFE 
E 
S 
8 
7 6 5 4 3 2 
1 
VDC 
NIQCN 


ACG 
Addressed 
Command 
Group 
M AC Y 0 0 0 X X X X 
X X X 
1 X X X X 


ATN 
Attention 
U UCX 
X X X X X X X 
X X X 
1 X X X X 
DAB 
Data Byte 
(Notes 1, 9) M DD D D D D D D D D 
X X X 
o X X X X 
8 
7 6 5 4 3 2 
1 
DAC 
Data Accepted 
U HS X X X X X X X X 
X X 0 
X X X X X 
DAV 
Data Valid 
U HS X X X X X X X X 
1 X X 
X X X X X 
DCL 
Device Clear 
M UC Y 0 0 
1 0 
1 0 
0 
X X X 
1 X X X X 
END 
End 
U ST 
X X X X X X X X 
X X X 
o 
1 X X X 
EOS 
End of String 
(Notes 2, 9) M DD E E E E E E E E 
XXX 
o X X X X 
8765432 
1 
GET 
Group Execute Trigger 
M AC 
Y 0 0 0 
1 0 0 
0 
X X X 
X X X X 
GTL 
Go to Local 
M AC Y 0 0 0 0 0 0 
1 
X X X 
1 X X X X 
IDY 
Identify 
U UC X X X X X X X X 
XXX 
X 
1 X X X 
IFC 
Interface 
Clear 
U UC X X X X X X X X 
X X X 
X X X 
1 X 
LAG 
Listen Address 
Group 
M AD Y 0 
1 X X X X X 
X X X 
1 X X X X 
LLO 
Local Lock Out 
M UC Y 0 0 
1 0 0 0 
1 
X X X 
1 X X X X 
MLA 
My Listen Address 
(Note 3) M AD Y 0 
1 L L L L 
L 
X X X 
1 X X X X 
54321 
MTA 
My Talk Address 
(Note 4) M AD 
Y 
OTTTTT 
X X X 
X X X X 
432 
1 
5 
MSA 
My Secondary 
Address 
(Note 5) M SE Y 
1SSSSS 
XXX 
X X X X 
5 4 
3 2 
1 
NUL 
Null Byte 
M DD 0 o 0 0 0 0 0 
0 
XXX 
X X X X X 
OSA 
Other Secondary 
Address 
M SE 
(OSA = SCG 1\ MSA) 
OTA 
Other Talk Address 
M AD 
(OTA = TAG 
1\ MTA) 
PCG 
Primary Command 
Group 
M- 
(PCG = ACG V UCG V LAG V TAG) 
PPC 
Parallel Poll Configure 
M AC Y 0 0 0 0 
1 0 
1 
X X X 
1 X X X X 
PPE 
Parallel Poll Enable 
(Note 6) M SE Y 
1 1 0 S P P P 
X X X 
1 X X X X 
321 
PPD 
Parallel Poll Disable 
(Note 7) M SE 
Y 
1 
1 D D D D 
X X X 
X X X X 
432 
1 
PPR1 
Parallel Poll Response 
1 
U ST 
X X X X X X X 
1 
X X X 
X X X 
PPR2 
Parallel Poll Response 
2 
U ST 
X X X X X X 1 X 
X X X 
X X X 
PPR3 
Parallel Poll Response 
3 
U ST 
X X X X X 1 X X 
XXX 
X X X 
PPR4 
Parallel Poll Response 
4 
U ST 
X X X X 1 X X X 
X X X 
X X X 
PPR5 
Parallel Poll Response 
5 
(Note 10) U ST 
X X X 1 X X X X 
X X X 
X X X 
PPR6 
Parallel Poll Response 
6 
U ST 
X X 1 X X X X X 
X X X 
X X X 
PPR7 
Parallel Poll Response 
7 
U ST 
X 
1 X X X X X X 
X X X 
X X X 
PPR8 
Parallel Poll Response 
8 
U ST 
1 X X X X X X X 
X X X 
1 X X X 
PPU 
Parallel Poll Unconfigure 
M UC Y 0 0 
1 0 
1 0 
1 
XXX 
1 X X X X 
REN 
Remote 
Enable 
U UC X X X X X X X X 
X X X 
X X X X 
1 
RFD 
Ready for Data 
U HS X X X X X X X X 
X 0 X 
X X X X X 
ROS 
Request 
Service 
(Note 9) U ST 
X 
1 X X X X X X 
X X X 
o X X X X 
SCG 
Secondary 
Command 
Group 
M SE Y 
1 1 X X X X X 
X X X 
1 X X X X 
SDC 
Selected 
Device Clear 
M AC 
Y 0 0 
0 0 
1 0 
0 
X X X 
1 X X X X 
SPD 
Serial Poll Disable 
M UC Y 0 0 
1 1 0 0 
1 
X X X 
1 X X X X 
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REMOTE 
MESSAGE 
CODING 
(Continued) 


Bus Signal Line(s) and Coding That 
Asserts the True Value of the Message 
C 
Mnemonic 
Message 
Name 
T 
L 0 
0 
N N 
Y 
A 
I 
I 
ORO 
A E SIR 
p 
S 0 
0 
AFA 
TOR 
F E 
E 
S 
8765432 
1 
VOC 
NIQCN 


SPE 
Serial Poll Enable 
M UC Y 0 0 1 1 0 0 o 
X X X 
1 X X X X 
SRQ 
Service Request 
U ST X X X X X X X X 
X X X 
X X 1 X X 
STB 
Status Byte 
(Notes 8, 9) M ST S X S S S S S S 
X X X 
o X X X X 
8 
6 5 4 3 2 1 
TCT 
Take Control 
M AC Y 0 0 0 1 0 0 1 
X X X 
X X X X 
TAG 
Talk Address Group 
M AD Y 1 0 X X X X X 
X X X 
X X X X 
UCG 
Universal Command Group 
M UC Y 0 0 1 X X X X 
X X X 
X X X X 
UNL 
Unlisten 
M1DY0111111 
X X X 
X X X X 
UNT 
Untalk 
(Note 11) M 1D Y 1 0 1 1 1 1 1 
X X X 
X X X X 


The 1/0 coding on ATN when sent concurrent with multiline messages has been added to this revision for interpretive 
convenience. 


NOTES: 
1. 01-08 
specify the device dependent data bits. 
2. El-E8 
specify the device dependent code used to indicate the EOS message. 
3. Ll-L5 
specify the device dependent bits of the device's listen address. 
4. Tl- T5 specify the device dependent bits of the device's talk address. 
5. Sl-S5 
specify the device dependent bits of the device's secondary address. 
6. S specifies the sense of the PPR. 


Response = Seist 
Pl-P3 
specify the PPR message to be sent when a parallel poll is executed. 
P3 
P2 
Pl 
PPR Message 
o 
0 
0 
PPRl 


1 
1 
1 
PPR8 
7. 01-04 
specify don't-care bits that shall not be decoded by the receiving device. It is recommended that all zeroes be 
sent. 
8. Sl-S6, 
S8 specify the device dependent status (0107 is used for the RQS message.) 
9. The source of the message on the ATN line is always the C function, whereas the messages on the 010 and EOI lines 
are enabled by the T function. 
10. The source of the messages on the ATN and EOllines is always the C function, whereas the source of the messages on 
the 010 lines is always the pp function. 
11. This code is provided for system use. 
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8294A 
DATA ENCRYPTION/DECRYPTION 
UNIT 


• 
Certified 
by National 
Bureau of 
Standards 


• 
400 Byte/Sec 
Data Conversion 
Rate 


• 
64-Bit Data Encryption 
Using 56-Bit Key 


• 
DMA Interface 


• 
3 Interrupt 
Outputs to Aid in Loading 
and Unloading 
Data 


• 
7-Bit User Output 
Port 


• 
Single 5V ± 10% Power Supply 


• 
Fully Compatible 
with iAPX-86, 
88, 
MCS-85™, 
MCS-80™, 
MCS-51TM, and 
MCS-48TM Processors 


• 
Implements 
Federal 
Information 
Processing 
Data Encryption 
Standard 


• 
Encrypt 
and Decrypt 
Modes Available 


The Intel@ 8294A 
Data Encryption 
Unit (DEU) is a microprocessor 
peripheral 
device designed 
to encrypt 
and 
decrypt 
64-bit blocks of data using the algorithm 
specified 
in the Federal 
Information 
Processing 
Data Encryp- 
tion Standard. 
The 
DEU operates 
on 64-bit 
text words 
using a 56-bit 
user-specified 
key to produce 
64-bit 
cipher 
words. 
The operation 
is reversible: 
if the cipher 
word is operated 
upon, the original 
text word 
is pro- 
duced. The algorithm 
itself is permanently 
contained 
in the 8294A; 
however, 
the 56-bit key is user-defined 
and 
may be changed 
at any time. 


The 56-bit 
key and 64-bit 
message 
data are transferred 
to and from the 8294A 
in 8-bit bytes by way of the 
system 
data bus. A DMA interface 
and three 
interrupt 
outputs 
are available 
to minimize 
software 
overhead 
associated 
with data transfer. 
Also, by using the DMA interface 
two or more DEUs may be operated 
in parallel 
to achieve 
effective 
system conversion 
rates which are virtually any multiple of 400 bytes/second. 
The 8294A 
also has a 7-bit TTL compatible 
output 
port for user-specified 
functions. 


Because 
the 8294A 
implements 
the NBS encryption 
algorithm 
it can be used in a variety of Electronic 
Funds 
Transfer 
applications 
as well as other electronic 
banking 
and data handling 
applications 
where data must be 
encrypted. 
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SYNC~~ 
:;=--=-=L.:::J 


+5V- 


POWER 
- 


GND-- 
--- 


ORa 
DACK 


NC 
Xl 


X2 


RESET 
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RO 
AD 


WR 
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02 
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06 
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OAV 
NC 
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VOO 
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CCMP 
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Figure 2. Pin Configuration 
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Table 
1. Pin Description 


Symbol 
Pin 
Type 
Name and Function 
No. 


NC 
1 
NO CONNECTION. 


X1 
2 
CRYSTAL: 
Inputs for crystal, L-C or external timing signal to determine 


X2 
3 
internal oscillator 
frequency. 


RESET 
4 
I 
RESET: A low signal to this pin resets the 8294A. 


Vcc 
5 
POWER: Tied high. 


CS 
6 
I 
CHIP SELECT: A low signal to this pin enables 
reading and writing to 
the 8294A. 


GNO 
7 
GROUND: Tnis pin must be tied to ground. 


RO 
8 
I 
READ: An active low read strobe at this pin enables the CPU to read 
data and status from the internal OEU registers. 


Ao 
9 
I 
ADDRESS: 
Address 
input used by the CPU to select OEU registers 
during read and write operations. 


WR 
10 
I 
WRITE: An active low write strobe at this pin enables the CPU to send 
data and commands 
to the OEU. 


SYNC 
11 
0 
SYNC: High frequency 
(Clock 
-i- 15) output. Can be used as a strobe 
for external circuitry. 


Do 
12 
1/0 
OAT A BUS: Three-state, 
bi-directional 
data bus lines used to transfer 
01 
13 
data between 
the CPU and the 8294A. 


02 
14 
03 
15 
04 
, 
16 
05 
17 
06 
18 
07 
19 


GNO 
20 
GROUND: This pin must be tied to ground. 


Vcc 
40 
POWER: + 5V power input: + 5V ± 10%. 


NC 
39 
NO CONNECTION. 


OACK 
38 
I 
DMA ACKNOWLEDGE: 
Input signal from the 8257 OMA Controller 
acknowledgirg 
that the requested 
OMA cycle has been granted. 


ORQ 
37 
0 
DMA REQUEST: 
Output signal to the 8257 OMA Controller 
requesting 
a OMAcycle. 


SRQ 
36 
0 
SERVICE 
REQUEST: 
Interrupt to the CPU indicating 
that the 8294A is 
awaiting data or commands 
at the input buffer. SRQ = 1 implies IBF 
. 


= O. 


OAV 
35 
0 
OUTPUT 
AV JULABLE: Interrupt to the CPU indicating 
that the 8294A 
has data or status available 
in its output buffer, OAV = 1 implies OBF 


~ 
= 1. 


NC 
34 
NO CONNECrlOK. 
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Table 1. Pin Description (Continued) 


Symbol 
Pin 
Type 
Name and Function 
No. 


P6 
33 
0 
OUTPUT PORT: User output port lines. Output lines available to the 
P5 
32 
user via a CPU command which can asset selected port lines. These 
, 


P4 
31 
lines have nothing to do with the encryption function. At power-on, 


P3 
30 
each line is in a 1 state. 


P2 
29 
P1 
28 
PO 
27 


Voo 
26 
POWER: + 5V power input. (+ 5V ± 10%) Low power standby pin. 


Vcc 
25 
POWER:Tied high. 


CCMP 
24 
0 
CONVERSION COMPLETE: Interrupt to the CPU indicating that the 
encryption/decryption of an 8-byte block is complete. 


NC 
23 
NO CONNECTION. 


NC 
22 
NO CONNECTION. 
1 


NC 
21 
NO CONNECTION. 


FUNCTIONAL 
DESCRIPTION 


OPERATION 


The data conversion sequence is as follows: 
1) A Set Mode command is given, enabling the de- 
sired interrupt outputs. 


2) An Enter New Key command is issued, followed 
by 8 data inputs which are retained by the DEU 
for encryption/decryption. Each byte must have 
odd parity. 
3) An Encrypt Data or Decrypt Data command sets 
the DEU in the desired mode. 


After this, data conversions are made by writing 8 
data bytes and then reading back 8 converted data 
bytes. Any of the above commands may be issued 
between data conversions to change the basic oper- 
ation of the DEU; e.g., a Decrypt Data command 
could be issued to change the DEU from encrypt 
mode to decrypt mode without changing either the 
key or the interrupt outputs enabled. 


INTERNAL DEU REGISTERS 


Four internal registers are addressable by the mas- 
ter processor: 2 for input, and 2 for output. The fol- 
lowing table describes how these registers are ac- 
cessed. 


RD 
WR 
CS 
Aa 
Register 


1 
0 
0 
0 
Data Input Buffer 
0 
1 
0 
0 
Data Output Buffer 
1 
0 
0 
1 
Command Input Buffer 
0 
1 
0 
1 
Status Output Buffer 
X 
X 
1 
X 
Don't Care 


The functions of each of these registers are de- 
scribed below. 


Data Input Buffer-Data 
written to this register is 
interpreted in one of three ways, depending on the 
preceding command sequence. 
1) Part of a key. 
2) Data to be encrypted or decrypted. 
3) A DMA block count. 


Data Output Buffer-Data 
read from this register is 
the output of the encryption/decryption operation. 


Command Input Buffer-Commands 
to the DEU 
are written into this register. (See command summa- 
ry below.) 


Status Output Buffer-DEU 
status is available in 
this register at all times. It is used by the processor 
for poll-driven command and data transfer opera- 
tions. 


STATUS BIT: 
7 6 5 
4 
3 
2 
1 
0 


FUNCTION: 
X X X KPE CF DEC ISF OSF 
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OBF 
Output Buffer Full; OBF = 
1 indicates that 
output from the encryption/decryption func- 
tion is available in the Data Output Buffer. It is 
reset when the data is read. 


IBF 
Input Buffer Full; A write to the Data Input 
Buffer or to the Command Input Buffer sets 
IBF = 1. The DEU resets this flag when it has 
accepted the input byte. Nothing should be 
written when 'IBF = 1. 


DEC 
Decrypt; indicates whether the DEU is in an 
encrypt or a decrypt mode. DEC = 1 implies 
the decrypt mode. DEC = 0 implies the en- 
crypt mode. 
After 8294A has accepted a 'Decrypt Data' or 
'Encrypt Data' command, 11 cycles are re- 
quired to update the DEC bit. 


CF 
Completion Flag; This flag may be used to in- 
dicate any or all of three events in the data 
transfer protocol. 


1) It may be used in lieu of a counter in the 
processor routine to flag the end of an 
8-byte transfer. 


2) It must be used to indicate the validity of 
the KPE flag. 


3) It may be used in lieu of the CCMPinterrupt 
to indicate the completion of a DMA opera- 
tion. 


KPE 
Key Parity Error; After a new key has been 
entered, the DEU uses this flag in conjunction 
with the CF flag to indicate correct or incor- 
rect parity. 


COMMAND 
SUMMARY 


1 - 
Enter New Key 
r--r--r--.--.--.--.--.--, 
OPCODE: 


This command is followed by 8 data byte inputs 
which are retained in the key buffer (RAM) to be 
used in encrypting and decrypting data. These data 
bytes must have odd parity represented by the LSB. 


2 - 
Encrypt 
Data 
r-'--'--r-.--.--r-.-~ 
OPCODE: 


This command puts the 8294A into the encrypt 
mode. 


3 - 
Decrypt 
Data 
r-'--'--r-'--,--.-,-~ 
OPCODE: 


This command puts the 8294A into the decrypt 
mode. 


4-Set 
Mode 


OPCODE: 


where: 


A is the OAV (Output Available) interrupt enable 
B is the SRO (Service Request),interrupt enable 
C is the DMA (Direct Memory Access) transfer en- 
able 
D is the CCMP (Conversion Complete) interrupt 
enable 


This command determines which interrupt outputs 
will be enabled. A "1" in bits A, B, or D will enable 
the OAV, SRQ, or CCMP interrupts respectively. A 
"1" in bit C will allow DMA transfers. When bit C is 
set the OAV and SRO interrupts should also be 
enabled (bits A, B = 1). Following the command 
in which bit C, the DMA bit, is set, the 8294 will 
expect one data byte to specify the number of 
8-byte blocks to be converted using DMA. 


5 - 
Write to Output 
Port 
r-.--.--.--.,--.--r--.--, 
OPCODE: 


This command causes the 7 least significant bits 
of the command byte to be latched as output data 
on the 8294 output port. The initial output is 
1111111. Use of this port is independent of the 
encryption/ decryption function. 


PROCESSOR/DEU 
INTERFACE 
PROTOCOL 


ENTERING 
A NEW KEY 


The timing sequence for entering a new key is 
shown in Figure 3. A flowchart showing the CPU 
software to accommodate this sequence is given 
in Figure 4. 


After the Enter New Key command is issued, 8 
data bytes representing the new key are written to 
the data input buffer (most significant byte first). 
After the eighth byte is entered into the DEU, CF 
goes true (CF = 1). The CF bit goes false again 
when KPE is valid. The CPU can then check the 
KPE flag. If KPE = 1, a parity error has been de- 
tected and the DEU has not accepted the key. 
Each byte is checked for odd parity, where the 
parity bit is the LSB of each byte. 
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Figure 3. Entering a New Key 


Since CF = 1 only for a short period of time after 
the last byte is accepted, the CPU which polls the 
CF flag might miss detecting CF = 1 momentarily. 
Thus, a counter should be used, as in Figure 4, to 
flag the end of the new key entry. Then GF is used to 
indicate a valid KPE flag. 


DATA REGISTER 
1 BYTE OF KEY 


, 1-1.1 


8 


Figure 4. Flowchart for Entering a New Key 
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a••u "'" 
1<.11 '" 
raise, aner me first read. After 8 bytes 
have been read back by the CPU, CF goes false (CF 
= 0). Thus, the CPU may test for CF = 0 to termi- 
nate the read mode. Also, the CCMP interrupt may 
be used to initiate a service routine which performs 
the next series of 8 data reads and 8 data writes. 


Figure 6 offers two flowcharts outlining the alterna- 
tive means of implementing the data conversion pro- 
tocol. Either the CF flag or a software counter may 
be used to end the read and write modes. 


SRQ = 1 implies IBF = O,OAV = 1 implies OBF = 
1. This allows interrupt routines to do data transfers 
without checking status first. However, the OAV 
service routine must detect and flag the end of a 
data conversion. 


(IF ENA~f:-o';l'- 
--.Jn,- 
_ 


.Rol n 
Jl 
(IF ENA8LEDI 
U 
L_ 
__~_:...-_--.:.-=. __ 


,.,~_--Il 
_ 


OAV 
n n 
n 
Uf 
EN •••• lED' 
-:-- 
__ 
-.J1 
LJ 
L _ J 
L 
ILJL rr 
0., 


• DATA 
WRITES 
20 m. - 
MAXIMUM 
• DATA 
READS 
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Figure 5. Encrypting/Decrypting 
Data 
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USING 
SOFTWARE 
COUNTER 


DATA 
"EGISTER 
-1 
DATA InE 


1-1-1 


NO 
I.O? 


YU8 


USING 
CF FLAG 


NO 
ISF .01 
) 


TYES 


I 
DATA REGISTER - 
1 DATA BYTE 
I 


1 YES 


'-- 
--'!N0>q 
CF. l? 
) 
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~e 
'---r";;o" 


l 
-'N"'O'{ 
OaF _ t? 
) 


hES 
I 
READ 1 CODED 
OArA BYTE 
I 


Figure 6. Data Conversion 
Flowcharts 
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USING 
DMA 


The timing sequence for data conversions using 
DMA is shown in Figure 7, This sequence can be 
better understood when considered in conjunction 
with the hardware DMA interface in Figure 8. Note 
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Figure 7. DMA Sequence 
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Figure 8. DMA Interface 
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SINGLE 
BYTE COMMANDS 
that the use of the DMA feature 
requires 
3 external 
AND gates and 2 DMA channels 
(one for input, one 
for output). 
Since 
the 
DEU has only- one 
DMA re- 
quest 
pin, tile 
SRQ and OAV 
outputs 
are used 
in 
conjunction 
with two of the AND gates to create sep- 
arate DMA request 
outputs 
for the 2 DMA channels. 
The 
third 
AND 
gate 
combines 
the 
two 
active-Iow 
DACK inputs. 


To initiate a DMA transfer, 
the CPU must first initial- 


ize the two DMA channels 
as shown in the flowchart 


in Figure 9. It must then issue a Set Mode command 
to the DEU enabling 
the OAV, SRQ, and DMA out- 
puts. The 
CCMP 
interrupt 
may be enabled 
or dis- 
abled, depending 
on whether 
that output 
is desired. 
Following 
the Set Mode command, 
there must be a 
data byte giving the number of 8-byte blocks 
of data 
(n < 256) to be converted. 
The DEU then generates 
the required 
number of DMA requests 
to the 2 DMA 
channels 
with no further CPU intervention. 
When the 
requested 
number 
of blocks 
has been 
converted, 
the DEU will set CF and assert the CCMP interrupt 
(if 
enabled). 
CCMP then goes false again with the next 
write to the DEU (command 
or data). Upon comple- 
tion of the conversion, 
the 
DMA mode 
is disabled 
and the DEU returns 
to the encryptldecrypt 
mode. 


The enabled 
interrupt 'Outputs, however, 
will remain 
enabled 
until another 
Set Mode command 
is issued. 


USING 
OM,. 


INITIALIZE 
OMA 
READ 
CHANNEl 
POINTER 


INITIALIZE 
OM'" 
WRITE 
CHANNEL 
POINTER 


COMMAND 
REGISTER 
-- 
OEH 
OR 
OFH 


DATA 
REGISTER 
NUMBER 
OF 
BLOCKS 
TO 
8E 
CODED 


~ 
~8 
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Figure 9. DMA Flowchart 


Figure 
10 shows 
the timing 
and protocol 
for single 
byte commands. 
Note that any of the commands 
is 
effective 
as a pacify command 
in that they may be 
entered 
at any time, 
expect 
during 
a DMA conver- 
sion. The DEU is thus set to a known state. Howev- 
er, if a command 
is issued out of sequence, 
an addi- 
tional protocol 
is required 
(Figure 11). The CPU must 
wait 
until the command 
is accepted 
(IBF = 
0). A 
data read must then be issued to clear anything 
the 
preceding 
command 
sequence 
may have left in the 
Data Output 
Buffer. 
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Figure 10. Single Byte Commands 


CPU/DEUINTERFACES 


Figures 12 through 
15 illustrate 
four interface 
config- 
urations 
used in the CPU/DEU 
data transfers. 
In all 
cases 
SRQ will be true (if enabled) 
and IBF will be 
false when the DEU is ready to accept 
data or com- 
mands. 
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PACIFY 


COMMAND 
REGISTER - 
OOH 


L 
I 
NO-r:=J 


~ 


REAO DATA REGISTER 
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Figure 11. Pacify Protocol 


210465-13 


Figure 12. Polling Interface 
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Figure 13. Single Interrupt 
Interface 


MASTER 


PROCESSOR 
INTERFACE 


Ao--- 
DAY 
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mT1:====================~ 
INT2 


Do 
D, 


Figure 14. Dual Interrupt 
Interface 


'257 


OSCILLATING 
AND TIMING 
CIRCUITS 


iNr------<l<1 
Ro=====~~ 
WR 


210465-16 
DMARO 
is for memory 
to DEU Data Transfer 
DMAR1 
is for DEU to memory 
Data Transfer 
Use of CCMP 
is optional 


Figure 15. DMA Interface 


The 8294A's internal timing generation is controlled 
by a self-contained oscillator and timing circuit. A 
choice of crystal, L-C or external clock can be used 
to derive the basic oscillator frequency. 


The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in 
Figure 16. 
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SYNC 
t-~-+-OUTPUT 
(1.25-15 "sec) 


'-y-----J 


INTERNAL TIMING 
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Figure 16. Oscillator 
Configuration 


OSCILLATOR 
MODE 


Cl 


r_ 
I"It-_..-_-.__ 
-I' 
XTALl 
I 
~.~U-l' 
I 
MHz 
_.L_ 


C2/Tc:::JT 
rSt--'---4..... 
-.,,-t XTAlO 


210465-18 
Cl ~ 5 pF 
C2 ~ Crystal + Stray < 15 pF 
C3 ~ 20-30 pF 
Crystal series resistance should be less than 750 at 6 MHz; less 
than 1800 at 3.6 MHz; less than 300 at 12 MHz. 


LC OSCILLATOR 
MODE 
dilJc 
L 
• 
XTAL~. 


- 
3 
XTAl2 


1 
1~ 21TJ[C' 


C' ~ C +3Cpp 
2 
Cpp ~ 5-10 pF 
Pin-to-Pin 
Capacitance 


L 
C 
Nominal 


9 "H 
20 pF 
11.5 MHz 
45 "H 
20 pF 
5.2 MHz 
120 "M 
20 pF 
3.2 MHz 
Each C should be approximately 20 pF 
including stray capacitance. 
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Figure 17. Recommended 
Crystal 


+Sv 


DRIVING 
FROM 
EXTERNAL 
SOURCE-TWO 
OPTIONS 
r----~ 
XTAll 


+5 v 


210465-20 
»---~--'-i XTAl2 


For the 8294A XTAL2 must be high 35-65% 
of the period. 


Rise and fall times must not exceed IOns. 
Resistor to vcc is needed to ensure VIH ~ 3.0V if TTL circuitry is used. 


Figure 18. Recommended 
Connection 
for External 
Clock Signal 
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ABSOLUTE 
MAXIMUM 
RATINGS* 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin With 
Respect 
to Ground 
-0.5V 
to + 7V 


Power Dissipation 
1.5 Watt 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. AND OPERATING 
CHARACTERISTICS 
TA = o·c to +70·C. 
vcc = 
+5V 
±10%. 
Vss = ov 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ 
Max 


Vll 
Input Low Voltage 
(All 
-0.5 
0.8 
V 


Except X1. X2. RESET) 


VIl1 
Input Low Voltage 
(X1. X2. 
-0.5 
0.6 
V 
- 


RESET 


VIH 
Input High Voltage 
(All 
2.0 
Vcc 
V 
Except X1. RESET) 


VIH1 
Input High Voltage 
(X1. 
3.5 
Vcc 
V 
RESET 


VIH2 
Input High Voltage 
(X2) 
2.2 
Vcc 
V 


VOl 
Output Low Voltage 
(Do-D7) 
0.45 
V 
IOl = 2.0 mA 


Vou 
Output Low Voltage 
(All 
0.45 
V 
IOl = 1.6 mA 
Other Outputs) 


VOH 
Output High Voltage 
(Do-D7) 
2.4 
V 
IOH = - 400 /LA 


VOH1 
Output High Voltage 
(All 
2.4 
V 
IOH = -50/LA 
Other Outputs) 


III 
Input Leakage Current 
±10 
/LA 
Vss 
,,; VIN ,,; vcc 


(RD. WR. CS. Ao) 


IOFl 
Output Leakage Current 
±10 
/LA 
Vss 
+ 0.45 s VOUT s VCC 
(Do-D7. 
High Z State) 


loo 
Voo Supply Current 
5 
20 
mA 


loo + tee 
Total Supply Current 
60 
135 
mA 


- 
. 


lu 
Low Input Load Current 
0.3 
mA 
Vll = 0.8V 


.'. 


(Pins 24. 27 -38) 


IU1 
Low Input Load Current 
0.2 
mA 
Vll = 0.8V 
(RESET) 


IIH 
Input High Leakage Current 
100 
/LA 
VIN = vcc 
(Pins 24. 27 -38) 


CIN 
Input Capacitance 
10 
pF 


CIIO 
1/0 Capacitance 
20 
pF 
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A.C. CHARACTERISTICS 
TA = O·Cto 
+70·C, 
vcc = voo = +5V 
±10%, 
Vss = ov 


DBB READ 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAR 
CS, Ao Setup to RD J, 
0 
ns 


tRA 
CS, Aa Hold After RD i 
0 
ns 


tRR 
RD Pulse Width 
160 
ns 


tAO 
CS, Ao to Data Out Delay 
130 
ns 
CL = 100 pF 


tRO 
RD J, to Data Out Delay 
130 
ns 
CL = 100 pF 


tOF 
RD i to Data Float Delay 
85 
ns 


tcy 
Cycle Time 
1.25 
15 
Jls 
1-12 
MHz Crystal 


DBB WRITE 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAW 
CS, AcrSetup to WR J, 
0 
ns 


tWA 
CS, Ao Hold After WR i 
0 
ns 


tww 
WR Pulse Width 
160 
ns 
I 


tow 
Data Setup to WR i 
130 
ns 


two 
Data Hold to WR i 
0 
ns 


DMA AND INTERRUPT 
TIMING 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tACC 
DACK Setup to Control 
0 
ns 


tcAC 
DACK Hold After Control 
0 
ns 


tACO 
DACK to Data Valid 
130 
ns 
CL = 100 pF 


tcac 
Control 
L.E. to DRQ T.E. 
110 
ns 


tcl 
Control T.E. to Interrupt T.E. 
400 
ns 


CLOCK 


Symbol 
Parameter 
Min 
Max 
Units 


tcv 
Cycle Time 
1.25 
9.20 
Jls(l) 


tcyC 
Clock Period 
83.3 
613 
ns 


tpWH 
Clock High Time 
38 
ns 


tpWL 
Clock Low Time 
38 
ns 


tR 
Clock Rise Time 
10 
ns 


tF 
Clock Fall Time 
10 
ns 


NOTE: 
1. tcv = 15/f(XT AL) 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 


2.0 
2.0 
> TEST 
POINTS <. 


0.8 
0.8 


210465-21 


WAVEFORMS 


READ OPERATION-oUTPUT 
BUFFER REGISTER 


)( 
; 
'D( 


-IA.-\ 


I•• 
.~-'-~ 
"\ 
"\ 
(A 


-t"o 
f- 
'OF 


----IAO--- 


cs OR Ao 
(SYSTEM'S 
ADDRESS 
BUS) 


EAD CONTROL) 


DATA. 8US 
~ 
-:J 


(OUTPUT) 
~---DATAVALlD3------------- 
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WRITE OPERATION-INPUT 
BUFFER REGISTER 


Cs OR Ao 
'xt 
"'b( 
(SYSTEM'S 
---~, 
r 
r--------------- 
ADDAESS 
BUS) 


- 
•• ~-IWW-·\rWA- 


--Iow-_fl.--.two 


WA 
(WRITE 
CONTROL) 


DATA.BUS 
DATA. 
---DATA 
VAlID-- 
DATA 


(INPUT) 
...:M:::A:..:.y-"C::..:HA:::N."G:::E'-- 
__ 
-f l'-------~ \. 
~M:::A:..:y..::C::cH=-AN:::G~E'__ 
_ 
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~~ 
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CLOCK 
TIMING 


'. 


Uy - 
- 
- 
- 
-- 
- 
-- 
- 
..Lk:::",==-==-L..l 


XTAU 
1.1" 
_ 


.45\/'_ 
-- 
-~ 
_ 
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INTRODUCTION 


This application note explains the Intel 8291A GPIB 
(General Purpose Interface Bus) Talker/Listener 
as a 
component, and shows its use in GPIB interface design 
tasks. 


The first section of this note presents an overview of 
IEEE 488 (GPIB). The second section introduces the 
Intel GPIB component family. A detailed explanation 
of the 8291A follows. Finally, some application exam- 
ples using the component family are presented. 


f 
DEVICE 
A 


ABLE 
TO 
f-!---- 


TALK. 
LISTEN. 
AND 
(I- 
DATA BUS 
CONTROL 


(e.g. calculator) 


DEVICE 
B 


ABLE 
TO 
f--------< 
TALK 
AND 
LISTEN 


I 


(e.g. digital 
multi meter) 


DATA BYTE 


(I--- - 


TRANSFER 
CONTROL 


DEVtCEC 


ONLY ABLE 
f-'-----< 


TO LISTEN 


(e.g. signal 
generator) 
GENERAL 
>- 
INTERFACE 
( 
MANAGEMENT 
l/ 


DEVICE 
D 


ONLY 
ABLE 
~ 


TO TALK 


(e.g. counter) 


. 


}DI01 
••. e 


DAV 
Data 


NRFD 
NotR 


NDAC 
Not 


IFC 
Inter! 


ATN 
Alten 


SRQ 
!erv 


REN 
Remo 


EOI 
End 


Data Input/Output 


Available 


eady for Data 


Data Accepted 


ace Clear 


tion 


Ice Request 


te Enable 


or Identify 
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Figure 1. Interface Capabilities and Bus Structure 
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~-.... 
- 
- 
short distances. Common examples are: programmable 
instrumentation systems, computer to peripherals, etc. 


The 
interface 
is completely 
defined in the 
IEEE 
STD.-488-1978. 


A typical implementation 
consists of logical devices 
which talk (talker), listen (listeners), and control GPIB 
activity (controllers). 


Interface 
Functions 


The interface between any device and the bus may have 
a combination of several different capabilities (called 
'functions'). Among a total of ten functions defined, the 
Talker, Listener, Source Handshake, Acceptor Hand- 
shake and Controller are the more common examples. 
The Talker function allows a device to transmit data. 
The Listener function allows reception. The Source and 
Acceptor Handshakes, synchronized with the Talker 
and Listener functions respectively, exchange the hand- 
shake signals that coordinate data transfer. The Con- 
troller function allows a device to activate the interface 


. functions of the various devices through commands. 
Other interface functions are: Service request, Remote 
local, Parallel poll, Device clear and Device trigger. 
Each interface may not contain all these functions. Fur- 
ther, most of these functions may be implemented to 
various levels (called 'subsets') of capability. Thus, the 
overall capability of an interface may be tailored to the 
needs of the communicating device. 


_~._ 
.••.• __ •..•.•.••.••...•.•..• 
.lu 
", .•.03V 
u.~,""u UJ 
uu:: \AJHUUUer along 
with EOI to indicate a parallel poll. 


SRQ (service request) is used by a device to request 
service from the controller. 


REN (remote enable) is used by the controller to speci- 
fy the command source of a device. A device can be 
issued commands either locally through its front panel 
or by the controller. 


EOI (end or identify) may be used by the controller as 
well as talker. A controller uses EOI along with ATN 
to demand a parallel poll. Used by a talker, EOI indi- 
cates the last byte of a data block. 


IFC (interface clear) forces a complete GPIB interface 
to the idle state. This could be considered the GPIB's 
"interface reset." GPIB architecture allows for more 
than one controller to be connected to the bus simulta- 
neously. Only one of these controllers may be in com- 
mand at any given time. This device is .known as the 
controller-in-charge. Control can be passed from one 
controller to another. Only one among all the control- 
lers present on a bus can be the system controller. The 
system controller is the only device allowed to drive 
IFC. 
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SOURCE 
ACCEPTOR 


230832-2 


NOTE: 
Flow diagram 
outlines 
sequence 
of events 
during transfer 
of data byte. More than one listener 
at a time can accept 
data 
because 
of logical 
connection 
of NRFD and NDAC 
lines. 


NRFD 
SIGNAL 
LINES 
GOES 
HIGH 
.- __ 
L- __ 
.,ONLY 
WHEN 
ALL ACCEPTORS 
ARE READY 


DATA IS VALID 
AND 
MAY 


NOW BE ACCEPTED 


DATA IS NOT TO BE CONSIDERED 


VALID 
AFTER 
THIS TIME 


NO 


Figure 2. Handshake Flowchart 
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Transfer Control Lines 


The transfer control lines conduct the asynchronous in- 
terlocking three-wire handshake. 


DAV (data valid) is driven by a talker and indicates 
that valid data is on the bus. 


NRFD (note ready for data) is driven by the listeners 
and indicates that not all listeners are ready for more 
data.- 


NDAC (not data accepted) is used by the listeners to 
indicate that not all listeners have read the GPIB data 
lines yet. 


The 
asynchronous 
3-wire 
handshake 
flowchart 
is 
shown in Figure 2. This is a concept fundamental to the 
asynchronous nature of the GPIB and is reviewed in 
the following paragraphs. 


Assume that a talker is ready to start a data transfer. 
At the beginning of the handshake, NRFD is false indi- 
cating that the listener(s) is ready for data. NDAC is 
true indicating that the listener(s) has not accepted the 
data, since no data has been sent yet. The talker places 
data on the data lines, waits for the required settling 
time, and then indicates valid data by driving DAV 
true. All active listeners drive NRFD true indicating 
that they are not ready for more data. They then read 
the data and drive NDAC false to indicate acceptance. 
The talker responds by deasserting DAV and readies 
itself to transfer the next byte. The listeners respond to 
DAV false by driving NDAC true. The talker can now 
drive the data lines with a new data byte and wait for 
NRFD to be false to start the next handshake cycle. 


_Bus Commands 


When ATN and DAV are true data patterns which 
have been placed by the controller on the GPIB, they 
are interpreted as commands by the other devices on 
the interface. The GPIB standard contains a repertory 
of commands such as MTA (My Talk Address), MSA 
(My Secondary Address), SPE (Serial Poll Enable), etc. 
All other patterns in conjunction with ATN and DAV 
are classified as undefined commands and their mean- 
ing is user-dependent. 


Addressing 
Techniques 


To allow the controller to issue commands selectively 
to specific devices, three types of addressing exist on the 
GPIB: talk only/listen 
only (ton/lon), 
primary, and 
secondary. 


Ton/Ion is a method where the ability of the GPIB 
interface to talk or listen is determined by the device 
and not by the GPIB controller. With this method, 
fixed poles can be easily designated in simple systems 
where reassignment is not necessary. This is appropri- 
ate and convenient for certain applications. For exam- 
ple, a logic analyzer might by interfaced via the GPIB 
to a line printer in order to document some type of 
failure. In this case, the line printer simply listens to the 
logic analyzer, which is a talker. 


The controller addresses devices through three com- 
mands, MTA (my talk address), MLA (my listen ad- 
dress), and MSA (my secondary address). The device 
address is imbedded in the command bit pattern. The 
device whose address matches the imbedded pattern is 
enabled. Some devices may have the same logical talk 
and listen addresses. This is allowable since the talker 
and listener are separate functions. However, two of the 
same functions cannot have the same address. 


In primary addressing, a device is enabled to talk (lis- 
ten) by receiving the MTA (MLA) message. 


Secondary addressing extends the address field from 5 
to 10bits by allowing an additional byte. This addition- 
al byte is passed via the MSA message. Secondary ad- 
dressing can also be used to logically divide devices into 
various subgroups. The MSA message applies only to 
the device(s) whose primary address immediately pre- 
cede it. 


INTEL'S® 
GPIB COMPONENTS 


The logic designer implementing a GPIB interface has, 
in the past, been faced with a difficult and complex 
discrete logic design. Advances in LSI technology have 
produced sophisticated microprocessor and peripheral 
devices which combine to reduce this once complex in- 
terface task to a system consisting of a small set of 
integrated circuits and some software drivers. A micro- 
processor hardware/software 
solution and a high-level 
language source code provide an adlditional benefit in 
end-product maintenance. Product changes are a sim- 
ple matter 
of revising the product 
software. Field 
changes are as easy as exchanging EPROMS. 


Intel has provided an LSI solution to GPIB interfacing 
with a talkerllistener 
device (829IA), a controller de- 
vice (8292), and a transceiver (8293). An interface with 
all capabilities except for the controller function can be 
built with an 8291A and a pair of 8293's. The addition 
of the 8292 produces a complex interface, 
Since most 
devices in a GPIB system will not have the controller 
function capability, this modular approach provides the 
least cost to the majority of interface designs. 
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Overview 
of the 8291 A 
GPIB Talker/Listener 


The Intel 8291A GPIB Talker/Listener operates over a 
clock range of 1 to 8 MHz and is compatible with the 
MCS-85, iAPX-86, and 8051 families of microproces- 
sors. 


A detailed description of the 8291A is given in the data 
sheet. 


The 8291A implements the following functions: Source 
Handshake (SH), Acceptor Handshake (AH), Talker 
Extended (TE), Service Request (SRQ), Listener Ex- 
tended (LE), Remote/Local (RL), Parallel Poll (PP2), 
Device Clear (DC), and Device Trigger (DT). 


Current states of the 8291A can be determined by ex- 
amining the device's status read registers. In addition, 
the 8291A contains 8 write registers. These registers are 
shown in Figure 3. The three register select pins RS3- 
RSO are used to select the desired register. 


The data-in register moves data from the GPIB to the 
microprocessor or to memory when the 8291A is ad- 
dressed to listen. When the 8291A is addressed to talk, 
it uses the data-out register to move data onto the 
GPIB. The serial poll mode and status registers are 
used to request service and program the serial poll 
status byte. 


A detailed description of each of the registers, along 
with state diagrams can be found in the 8291A data 
sheet. 


ReadRegisters 
RegisterSelect 
Write Registers 
Code 


r-__r-__~--r---._--,---_r--_r--~RS2 
RS1R~r- __.-__ 
IL..:.D.:.:.17....1I_D::..:I..:...6...J.I--=D:..cIS:....LI..:.D.:..:14_IL...:.D:.:.13....1I-=.:DI..:.2...l..-D..:...1..:...1...l..-D..:...I.:...J0 
I 
0 
0 
0 
I 0071 
D06I~ 
0041 
0031 
0021 
001 
~ 


DATA IN 
DATA OUT 


I GPT I APT I GET I END I DEG I ERR I 
BO 
BI 
I 
0 
0 


INTERRUPTSTATUS 1 


liNT 
I SPAS I LLO I REM I SPG I LLOC I REMGI ADSG I 
0 


INTERRUPTSTATUS 2 


se 
ISRosl 
se 
I 
SS 
I 
S4 
I 
53 
S2 
S1 
0 


SERIAL POLL STATUS 2 


lion 
I Lon I EOIILPASITPASI 
LA 
I 
TA 
IMJMNI1 


ADDRESS STATUS 


I GPT71GPT61GPTSI GPT41 GPT31 GPT21 GPT1 I GPTOI 
1 
0 


COMMAND PASSTHROUGH 


I 
X 
I DT1 I DL1 IADS.11,AD4.1IAD3.1IAD2-1IADH 
I 


ADDRESS 1 


1 
~ 
EGS I EG4 I EG3 I EG2 I EG1 I EGO I 


EOS 


I GPT I APT I GET I END I DEG I ERR I 
BO 
BI 


INTERRUPT ENABLE 1 


o 
I 
0 
I 
0 
I DMAOI DMAII 
SPC I LLOC IREMGI ADSG I 


INTERRUPT ENABLE 2 


1 I 
se 
I RSV I 
se 
I 
SS 
I 
S4 
I 
53 
S2 
S1 


SERIAL POLL MODE 


o 
0 
I TO 
LO I 
0 
I 
0 
I 
0 
I 
0 
I ADM1 I ADMOI 


ADDRESS MODE 


o 
I ARS I 
DT 
DL 
I ADS I AD4 I AD3 I AD2 I~ 


ADDRESS 0/1 


Figure 3. 8291A Registers 
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Address Mode 
address I registers allow reading of these programmed 
addresses plus trading of the interrupt bit. The EOS 
register is used to program the end of sequence charac- 
ter. 


The address mode and status registers are used to pro- 
gram the addressing modes and track addressing states. 
The auxiliary mode register is used to select a variety of 
functions. The command pass through register is used 
for undefined commands and extended addresses. The 
address 0/1 register is used to program the addresses to 
which the 8291A will respond. The address 0 and 


Detailed descriptions of the addressing modes available 
with the 8291A are described in the 8291A data sheet. 
Examples of how to program these modes are shown 
below. 


1. MODE: Talker has single address of 01H 
Listener has single address of 02H 


Comment 
- 
CPU Writes to: 
Pattern 


Address 
Mode Register 
0000 0001 
Select Mode 1 Addressing 
Address 0/1 Register 
0010 0001 
Major is Talking. Address = 01 H 
Address 0/1 Register 
1100 0010 
Minor is Listener. Address = 02H 


2. MODE: Talker has single address of 01H 
Listener has single address of 02H 


CPU Writes to: 
Pattern 
Comment 


Address 
Mode Register 
0000 0001 
Select Mode 1 Addressing 
Address 0/1 Register 
0100 0010 
Major is Listener. Address = 02H 
Address 0/1 Register 
1010 0001 
Minor is Talking. Address = 01 H 


Note that in both of the above examples, the listener will respond to a MLA message with five least significant bits 
equal to 02H and the talker to a OIH. 


3. MODE: Talker and listener both share a single address of 03H 


CPU Writes to: 
Pattern 
Comment 


Address 
Mode Register 
0000 0001 
Select Mode 1 Addressing 
Address 0/1 Register 
0000 0011 
Talker and Listener Address 
= 03 
Address 0/1 Register 
1110 0000 
Minor Address 
is disabled 


4. MODE: Talker and listener have a primary address of 04H and a secondary 
address of 05H 


CPU Writes to: 
Pattern 
Comment 


Address 
Mode Register 
0000 0010 
Select Mode 2 Addressing 
Address 0/1 Register 
0000 0100 
Primary Address = 04H 
Address 0/1 Register 
1000 0101 
Minor Address 
is disabled 


5. MODE: Talker has a primary address of 06H. Listener has a primary address of 07H 


CPU Writes to: 
Pattern 
Comment 


Address 
Mode Register 
0000 0011 
Select Mode 3 
Address 0/1 Register 
0010 0110 
Talker Address = 06 
Address 0/1 Register 
11000111 
Listener Primary = 07 


The CPU will,verify the secondary addresses which could be the same or different. 
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APPLICATION 
OF THE 8291A 
LISTENER 
FUNCTIONS 


This 
phase 
of the 
application 
note 
will examine 
pro- 
gramming 
of the 829lA, 
corresponding 
bus commands 
and responses, 
CPU 
interruption, 
etc. for a variety 
of 
GPIB 
activities. 
This should 
provide 
the reader 
with a 
clear understanding 
of the role of the 8291A 
performs 
in a GPIB 
system. 
The 
talker 
function, 
listener 
func- 
tion, remote 
message 
handling, 
and remote/local 
oper- 


ations 
including 
local lockout, 
are discussed. 


Talker Functions 


TALK-ONLY 
(ton). In talk only mode the 8291A will 
not 
respond 
to the 
MTA 
message 
from 
a controller. 


Generally, 
ton 
is used 
in an environment 
which 
does 
not have a controller. 
Ton is also employed 
in an inter. 


face that includes 
the controller 
function. 


When 
the 8291A is used with the 8292, the sequence 
of 


events 
for initialization 
are as follows: 


1) 
The Interrupt/Enable 
registers 
are programmed. 


2) 
Ton is selected. 


3) 
Settling 
time is selected. 
4) 
EOS character 
is loaded. 


5) "Pon" local message 
is sent. 


6) 
CPU 
waits for Byte Out (BO) and sends a byte to 
the data out register. 
. 


Addressed 
Talker (via MTA Message) 


The GPIB 
controller 
will direct 
the 8291A 
to talk by 


sending 
a My Talk Address 
(MTA) 
message containing 


the 8291A's 
talk address. 
The sequence 
of events 
is as 


follows: 


1) 
The interrupt 
enable 
and serial poll mode registers 
are programmed. 
2) 
Mode 
1 is selected. 
3) 
Settling 
time is selected. 


4) 
Talker 
and listener 
addresses 
are programmed. 


5) 
Power 
on (pon) local message 
is sent. 


6) 
CPU 
waits 
for an interrupt. 
When 
the controller 
has sent the MTA 
message 
for the 8291A an inter- 
rupt will be generated 
if enabled 
and the ADSC 
bit 
will be set. 


7) 
CPU reads the Address 
Status register 
to determine 


if the 8291A has been addressed 
to talk (TA = 1). 


8) 
CPU 
waits 
for 
an 
interrupt 
from 
either 
BO 
or 
ADSC 
9) 
When 
BO is set, the CPU 
writes 
the data 
byte to 


the data 
out register. 


10) CPU 
continues 
to poll the status 
registers. 
11) When unaddressed 
ADSC, 
will be set and TA reset. 


LISTEN-ONLY 
(Ion). 
In 
listen-only 
mode 
the 
8291 


will not respond 
to the My Listen Address 
(MLA) 
mes- 
sage from the controller. 
The sequence 
of events 
is as 
follows: 


1) 
The Interrupt 
Enable 
registers 
are programmed. 


2) 
Lon is selected. 


3) 
EOS character 
is programmed. 


4) "Pon" local message 
is sent. 


5) 
CPU waits for BI and reads the byte from the data- 
in register. 


Note that enabling 
both ton and Ion can create an inter- 
nal loopback 
as long as another 
listener 
exists. 


Addressed 
Listening 
(via the MLA Message) 


The GPIB 
controller 
will direct 
the 8291A to listen by 
sending 
a MLA 
message 
containing 
the 8291A's 
listen 
3 


address. 
The sequence 
of events is as follows: 


1) 
The Interrupt 
Enable 
registers 
are programmed. 
2) 
The serial poll mode register 
is loaded 
as desired. 


3) 
Talker 
and listener 
addresses 
are loaded. 


4) "Pon" local message 
is sent. 


5) 
The CPU waits for an interrupt. 
When 
the control- 


ler has sent the MLA 
message 
for the 8291A, 
the 


ADSC 
bit will be set. 


6) 
The CPU 
reads 
the Address 
Status 
Register 
to de- 


termine 
if the 8291A 
has been addressed 
to listen 


(LA 
= 1).. 


7) 
CPU waits for an interrupt 
for BI or ADSC. 


8) 
When 
BI is set, the CPU 
reads the data 
byte from 
the data-in 
register. 
9) 
The CPU 
continues 
to poll the status 
registers. 


10) When unaddressed, 
ADSC 
will be set and LA reset. 


Remote/Local 
and Lockout 


Remote 
and 
local refer 
to the 
source 
of control 
of a 


device connected 
to the GPIB. 
Remote 
refers to control 


from 
the 
GPIB 
controller-in-charge. 
Local 
refers 
to 


control 
from the device's own system. 
Reference 
should 


be made 
to the RL 
state 
diagram 
in the 
2891A 
data 


sheet. 


Upon "pon" 
the 8291A is in the local state. In this state 


the 
REM 
bit in Interrupt 
Status 
1 Register 
is reset. 


When 
the GPIB 
controller 
takes 
control 
of the bus it 


will drive the REN 
(remote 
enable) 
line true. This will 


cause the REM 
bit and REMC 
(remote/local 
change) 


bit to be set. The distinction 
between 
remote 
and local 


modes 
is necessary 
in that 
some 
types 
of devices 
will 


have local controls 
which have functions 
which are also 


controlled 
by remote 
messages. 
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In the local state the device is allowed to store, but not 
respond to, remote messages which control functions 
which are also controlled by local messages. A device 
which has been addressed to listen will exit the local 
state and go to the remote state if the REN message is 
true and the local rtl (return to local) message is false. 
The state of the "rtl" local message is ignored and the 
device is "locked" into the local state if the LLO re- 
mote message is true. In the Remote state the device is 
not allowed to respond to local messages which control 
function that are also controlled by remote messages. A 
device will exit the remote state and enter the local 
state when REN goes false. It will also enter the local 
state if the GTL (go to local) remote message is true 
and the device has been addressed to listen. It will also 
enter the local state if the rtl message is true and the 
LLO message is false or ACDS is inactive. 


A device will exit the remote state and enter RWLS 
(remote with lockout state) if the LLO (local lockout) 
message is true and ACDS is active. In this mode, those 
local messages which control functions which are also 
controlled by remote messages are ignored. In other 
words, the "rtl" message is ignored. A device will exit 
RWLS and go to the local state if REN goes false. The 
device will exit RWLS and go to LWLS if the GTL 
message is true and the device is addressed to listen. 


Polling 


The IEEE-488 standard specifies two methods for a 
slave device to let the controller know that it needs 
service. 


These two methods are called Serial and Parallel Poll. 
The controller performs one of these two polling meth- 
ods after a slave device requests service. As implied in 
the name, a Serial Poll is when the controller sequen- 
tially asks each device if it requested service. In a Paral- 
lel Poll the controller asks all of the devices on the 
GPIB if they requested service, and they reply in paral- 
lel. 


Serial Poll 


When the controller performs a Serial Poll, each slave 
device sends back to the controller a Serial Poll Status 
Byte. One of the bits in the Serial Poll Status Byte indi- 
cates whether this device requested service or not. The 
remaining 7 bits are used defined, and they are used to 
indicate what type of service is required. The IEEE-488 
spec only defines the service request bit, however HP 
has defined a few more bits in the Serial Poll Status 
Byte. This can be seen in Figure 4. 


When a slave device needs service it drives the SRQ line 
on the GPIB bus true (low). For the 8291A this is done 
by setting bit 7 in the Serial Poll Status Byte. The CPU 
in the controller may be interrupted by SRQ or it may 
poll a register to determine the state of SRQ. Using the 
8292 one could either poll the interrupt status register 
for the SRQ interrupt status bit, or enables SRQ to 
interrupt the CPU. After the controller recognizes a 
service request, it goes into the serial poll routine. 


The first thing the controller does in the serial poll rou- 
tine is assert ATN. When ATN is asserted true the 
controller takes control of the GPIB, and all slave de- 
rl 
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Figure 
4. The Serial 
Poll Status 
Byte 
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vices on the bus must listen. All bytes sent over the bus 
while ATN is true are commands. After the controller 
takes control, it sends out a Universal Unlisten (UNL), 
which tells all previously addressed listeners to stop lis- 
tening. The controller then sends out a byte called SPE 
(Serial Poll Enable). This command notifies all of the 
slaves on the bus that the controller has put the OPIB 
in the Serial Poll Mode State (SPMS). Now the control- 
ler addresses the first slave device to TALK and puts 
itself in the listen mode. When the controller resets 
ATN the device addressed to talk transmits to the con- 
troller its Serial Poll Status Byte. If the device just 
polled was the one requesting service, the SRQ line on 
the OPIB goes false, and bit 7 in the serial poll status 
byte of the 8291A is reset. If more than one device is 
requesting service, SRQ remains low until all of the 
devices requesting service have been polled, since SRQ 
is wire-ored. To continue the Serial Poll, the controller 
asserts ATN, addresses the next device to talk then 
reads the Serial Poll Status Byte. When the controller is 
finished polling it asserts ATN, sends the univeral un- 
talk command (UNT), then sends the Serial Poll Dis- 
able command (SPD). The flow of the serial poll can be 
seen from the example in Figure 5. 


0) 
DEVICE A REQUESTS SERVICE (SRQ) 
I) 
ASSERT ATN 
2) 
UNIVERSAL UNLISTEN (UNL) 
3) 
SERIAL POLL ENABLE (SPE) 
4) 
DEVICE A TALK ADDRESS (MTA) 
5) RELEASE ATN 
6) DEVICE A STATUS BYTE (STD) (RQS SET) 
7) ASSERT ATN 
8) DEVICE B TALK ADDRESS (MTA) 
9) 
RELEASE ATN 
10) DEVICE 
B STATUS 
BYTE 
(STB) 
(RQS 
CLEAR) 
11) ASSERT ATN 
12) DEVICE C TALK ADDRESS (MTA) 
13) RELEASE ATN 
14) DEVICE 
C 
STATUS 
BYTE 
(STB) 
(RQS 
CLEAR) 
15) ASSERT ATN 
16) UNIVERSAL UNTALK (UNT) 
17) SERIAL POLL DISABLE (SPD) 
18) GO PROCESS SERVICE REQUEST 


Figure 
5. Serial 
Polling 


The following section describes the events which hap- 
pen in a serial poll when 8291A and 8292 are the con- 
troller, and another 8291A is the slave device. While 
going through this section the reader should refer to the 
register diagrams for the 8291A and 8292. 


A. DEVICE 
A REQUESTS 
SERVICE 
(SRQ BECOMES 
TRUE) 


The slave devices rsv bit in the 2819A's serial poll mode 
register is set. 


B. CONTROLLER 
RECOGNIZES 
SRQ AND 
ASSERTS 
ATN 


The 8292's SPI pin 33 interrupts the CPU. The CPU 
reads the 8292's Interrupt status register and finds the 
SRQ bit set. The CPU tells the 8292 to 'Take Control 
Synchronously' by writing a OFDH to the 8292's com- 
mand register. 


C. THE CONTROLLER 
SENDS 
OUT THE 
FOLLOWING 
COMMANDS: 
UNIVERSAL 
UNLlSTEN 
(UNL), 
SERIAL 
POLL 
ENABLE 
(SPE), 
MY TALK 
ADDRESS 
(MTA) 


(MTA is a command which tells one of the devices on 
the bus to talk.) 


The CPU in the controller waits for a BO (byte out) 
interrupts in the 8291A's interrupt status 1 register be- 
fore it writes to the Data Out register a 3FH (UNL), 
18H (SPE), 010XXXXX (MTA). The X represents the 
programmable address of a device on the OPIB. When 
the 8291A in the slave device receives its talk address, 
the ADSC bit in the Interrupt Status register 2 is set, 
and in the Address Status Register TA and TPAS bits 
are set. 


D. CONTROLLER 
RECONFIGURES 
ITSELF 
TO 
LISTEN 
AND 
RESETS 
ATN 


The CPU in the controller puts the 8291A in the listen 
only mode by writing a 40H to the Address Mode regis- 
ter of the 8291A, and then a OOH -to the Aux Mode 
register. The second write is an 'Immediate Execute 
pon' which must be used when switching addressing 
modes such as talk only to listen only. To reset ATN 
the CPU tells the 8292 to '00 To Standby' by writing a 
OF6H to the command register. The moment ATN is 
reset, the 8219A in the slave device sets SPAS in Inter- 
rupt Status 2 register, and transmits 
the serial poll 
status byte. SRQS in the Serial Poll Status byte of the 
8291A slave device is reset, and the SRQ line on the 
OPIB bus becomes false. 


E. THE CONTROLLER 
READS 
THE SERIAL 
POLL 
STATUS 
BYTE, 
SETS ATN, 
THEN 
RECONFIGURES 
ITSELF 
TO TALK 


The CPU in the controller waits for the Byte In bit (BI) 
in the 8291A's Interrupt Status I register. When this bit 
is set the CPU reads the Data In register to receive the 
Serial Poll Status Byte. Since bit 7 is set, this was the 
device which requested service. The CPU in the con- 
troller tells the 8292 to 'Take Control Synchronously' 
which asserts ATN. The moment ATN is asserted true 
the 8291A in the slave device resets SPAS, and sets the 
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Serial Poll Complete (SPC) bit in the Interrupt Status 2 
register. The controller reconfigures itself to talk by set- 
ting the TO bit in the Address Mode register and then 
writing a OOH to the Aux Mode register. 


F. THE CONTROLLER 
SENDS 
THE COMMANDS 
UNIVERSAL 
UNTALK 
(UNT), 
AND SERIAL 
POLL 
DISABLE 
(SPD) THEN 
RESETS 
THE SRQ BIT IN 
THE 8292 INTERRUPT 
STATUS 
REGISTER 


The CPU in the controller waits for the BO Interrupt 
status bit to be set in the Interrupt Status I register of 
the 829lA before it writes 5FH (UNT) and 19H (SPD) 
to the Data Out register. The CPU then writes a 2BH 
to the 8292's command register to reset the SRQ status 
bit in the Interrupt Status register. When the 829lA in 
the slave device receives the UNT command the ADSC 
bit in the Interrupt Status 2 register is set, and the TA 
and TPAS bits in the Address Status register will be 
reset. At this point the controller can service the slave 
device's request. 


Note that in the software listing of AP-66 (USING 
THE 8292 GPIB CONTROLLER) 
there is a bug in 
the serial poll routines. In the 'SRQ ROUTINE' 
when 
the CPU finds that the SRQ bit in the interrupt status 
register is set, it immediately writes the interrupt Ac- 
knowledge command to the 8292 to reset this bit. How- 
ever the SRQ GPIB line will still be driven true until 
the slave device driving SRQ has been polled. There- 
fore, the SRQ status bit in the 8292 will become set and 
latched again, and as a result the SRQ status bit in the 
8.292will still be set after the serial poll. The proper 
tune to reset the SRQ bit in the 8292 is after SRQ on 
the GPIB becomes false. 


Parallel Poll 


The 829lA supports an additional method for obtain- 
ing status from devices known as parallel poll (PPOL). 
This method limits the controller to a maximum of 8 
d~vices at a time since each device will produce a single 
bIt response on the GPIB data lines. As shown in the 
state diagrams, there are three basic parallel poll states: 
PPIS (parallel poll idle state), PPSS (parallel poll stand- 
by state), and PPAS (parallel poll active state). 


In PPIS, the device's parallel poll function is in the idle 
state and will not respond to a parallel poll. PPSS is the 
standby state, a state in which the device will respond 
to a parallel poll from the controller. The response is 
initiated by the controller driving both ATN and EOI 
true simultaneously. 


The 829lA state diagram shows a transition from PPIS 
to PPS~ with the "lpe" message. This is a PP2 imple- 
mentation for a parallel poll. This "lpe" (local poll en- 
able) 
local 
message 
is 
achieved 
by 
writing 
01lUSP3P2PI 
to the Aux Mode Register with U=O. 


The S bit is the sense bit. If the "ist" (individual status) 
local message value matches the sense bit, then the 
829lA will give a true response to a parallel poll. Bits 
P3-PI 
identify which data line is used for a response. 


For example, assume the programmer decides that the 
system containing the 8291A shall participate in paral- 
lel poll. The programmer, 
upon system initialization 
would write to the Aux Mode Register and reset the U 
bit and set the S bit plus identify a data line (P3-PI 
bits). At "pon," the 829lA would not respond true to a 
parallel poll unless the parallel poll flag is set (via Aux 
Mode Register command). 


When a status condition in the user system occurs and 
the programmer decides that this condition warrants a 
true response, then programmers software should set 
the parallel poll flag. Since the S bit value matches the 
"ist" (set) condition a true response will be given to all 
parallel polls. 


An additional method of parallel polling reading exists 
known as a PPI implementation. In this case the con- 
troller sends a PPE (parallel poll enable) message. PPE 
contains a bit pattern similar to the bit pattern used to 
program the "lpe" local message. The 829lA will re- 
ceive this as an undefined command and use it to gener- 
ate an "lpe" message. Thus the controller is specifying 
the sense bits and data lies for a response. A PPD (par- 
allel poll disable) message exists which clears the bits 
SP3P2PI and sets the U bit. This also will be received 
by the 829lA and used to generate an "lpe" false local 
message. 


The actual sequence of events is as follows. The con- 
troller sends a PPC (parallel poll configure) message. 
This is an undefined command which is received in the 
CPT register and the handshake is held off. The local 
CPU reads this bit pattern, decodes it, and sends a 
VSCMD message to the Aux Mode Register. The con- 
troller then sends a ppe message which is also received 
as an undefined command in the CPT register. The 
local CPU reads this, decodes it clears the MSB, and 
writes this to the Aux Mode Register generating the 
"lpe" message. 


The controller then sends ATN and EOI true and the 
8291A drives the appropriate data line if the "ist" (par- 
allel poll flag) is true. The controller will then send a 
PPD (parallel poll disable) message (again, an unde- 
fmed command). The CPU reads this from the CPT 
register and uses it to write new "lpe" message (this 
"lpe" message will be false). The controller then sends a 
PPU (parallel poll unconfigure) message. Since this is 
also an undefined command, it goes into the CPT regis- 
ter. When the local CPU decodes this, the CPU should 
clear the "ist" (parallel poll flag). 
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In the course of developing this application note, two 
complete and identical; GPIB systems were built. The 
schematics and block diagrams are contained in Appen- 
dix I. These systems feature an 8088 CPU, 8237 DMA 
controller, 
serial 
I/O 
(8215a 
and 
8253), 
RAM, 
EPROM, and a complete GPIB talker/listener control- 
ler. Jumper switches were provided to select between a 
controller function and a talker!listener function. This 
system design is based on the design of Intel's SDK-86 
prototyping 
kit and thus shares the same I/O 
and 
memory addresses. This system uses the same down- 
load software to transfer object files from Intel develop- 
ment systems. 


Two Software 
Drivers 


Two software drivers were developed to demonstrate a 
ton/Ion environment. These two programs (BOARD 1 
and BOARD 2) are contained in Appendix 2. 


In this example, one of the systems (BOARD 1) initial- 
ly is programmed in talk-only mode and synchroniza- 
tion is achieved by waiting for the listening board to 
become active. This is sensed by the lack of a GPIB 
error since a condition of no active listener produces an 
ERR status condition. Board 1 upon detecting the pres- 
ence of an active listener transmits a block of 100 bytes 
from a PROM memory across the bus. The second sys- 
tem (BOARD 2) receives this data and stores it in a 
buffer, EO! is sent true by the talker (BOARD 1) with 
the last byte of data. Upon detection of EOI, BOARD 
2 switches to the talk only mode while BOARD 1 upon 
terminal 
count 
switches to the listen only mode. 


BOARD 2 then detects the presence of an active listen- 
er and transmits 
the contents of its buffer back to 
BOARD 1 which stores this data in the buffer. EOI 
again is sent with the last byte and BOARD 2 switches 
back to listen-only. BOARD 
1 upon detecting EOI 
then compares the contents of its buffer with the con- 
tents of its PROM to ensure that no data transmission 
errors occurred. The process then repeats itself. 


8291Awith 
HP 9835A 


An example of the 829lA used in conjunction with a 
bus controller is also included in this application note. 
In this example, the 8291A system used in previous 
experiments was connected via the GPIB to a Hewlett- 
Packard 9835A desktop computer. This computer con- 
tains, in addition to a GPIB interface, a black and 
white CRT, keyboard, tape drive for high quality data 
cassettes, and a calculator type printer. The software 
for the HP9835S is shown in Appendix 3. The user 
should 
refer 
to 
the 
operation 
manuals 
for 
the 
HP 9835A for information on the features and pro- 
gramming methods for the HP 9835A. 


In this example, the 8292 was removed from its socket 
and the OPT A and OPTB pins of the two 8293 trans- 
ceiver reconfigured to modes 0 and I. Optionally, the 
mode pins could have been left wired for modes 2 and 3 
and the 8292 left in its socket with its SYC pin wired to 
ground. This would have produced the same effect. 


The first action performed is sending IFC. Generally, 
this is done when a controller first comes on line. This 
pulse is at least 100 J.l-sin duration as specified by the 
IEEE-488 standard. 


The software checks to see if active listeners are on line. 
For demonstration purposes, the HP 9835A will flag 
the operator to indicate that listeners are on line. 


The HP 9835A then configures and performs a parallel 
poll (PPOL). The parallel poll indicates 1 bit of status 
of each device in a group of up to 8 devices. Such infor- 
mation could be used by an application program to de- 
termine whether optional devices are part of a system 
configuration. 
Such optional 
devices might include 
• 
mass storage devices, printers, etc., where the applica- 
tion software for the controller might need to format 
data to match each type of device. Once the PPOL 
sequence is finished, the HP 9835A offers the user the 
opportunity to execute user commands from the key- 
board. At this time the HP 9835A sits in a loop waiting 
for an SRQ condition. When the operator hits a key on 
the keyboard, the HP 9835A processor is interrupted 
and vectors to a service routine where the key is read 
and the appropriate routine is executed. The HP 9835A 
will then return to the loop checking for the SRQ true. 
For this application, the valid keys are G, D, R, H, and 
X. Pressing the "G" key causes the GET command to 
be sent across the bus. A message to this effect is print- 
ed in the CRT and the HP 9835A returns. The "D" key 
causes the SDC message to be sent with the 829lA 
being the addressed device. Again, an appropriate mes- 
age is output on the HP 9835A CRT. The "R" key 
causes the GTL message to be sent. The CRT displays 
"REMOTE MESSAGE SENT." The "H" key causes a 
menu to be displayed on the HP 9835A CRT screen. 
This menu lists the allowed commands and their func- 
tions. NO GPIB commands are sent. The "X" key al- 
lows the operator to send one line of data across the 
bus. The line of data is terminated by a carriage return 
and line feed produced by pressing the "CONTINUE" 
key on the HP 9835A. 


The characters are stored in the sequence entered into a 
buffer whose maximum size is 80 characters. Pressing 
the "CONTINUE" 
key terminates storing characters 


in the array and all characters including the carriage 
return and line feed are sent. EOI is then sent true with 
a false byte of OOH. This false byte is due to the 1975 
standard which allows asynchronous sending and re- 
ception of EOI. (The 8291A supports the later 1978 
standard which eliminates this false byte.) 
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After any key command is serviced control returns to 
the loop which checks for SRQ active. Should SRQ be 
active, then the keyboard interrupt is disabled and a 
message printed to indicate that SRQ has been received 
true. 


The controller then performs a parallel poll. 


This is an example of how parallel poll may be used to 
quickly check which group of devices contains a device 
sending SRQ. The eight devices in a group would, of 
course, have software drivers which allow a true re- 
sponse to a PPOL if that device is currently driving 
SRQ true. This would be a valuable method of isolation 
of the SRQ source in a system with a large number of 
devices. In this application program, only the response 
from the 8291A is of concern and only the 8291A's 
response is considered. It does, however, demonstrate 
the technique employed. If a true response from the 
8291A is detected, then a message to this effect is print- 
ed on the HP 9835A CRT screen. From this process, 
the controller has identified the device requesting serv- 
ice and will use a serial poll (SPOL) to determine the 
reason for the service request. This method of using 
PPOL is not specifically defined by the IEEE-488 stan- 
dard but is a use of the resources provided. 


The controller software then prints a message to indi- 
cate that it is about to perform a serial poll. This serial 
poll will return to the controller the current status of 
the 2819A and clear the service request. The status byte 
received is then printed on the CRT screen of the 
HP 9835A. One of the 8291A status bits indicates that 
the 8291A system has a field (on line or less) of data to 
transfer to the HP 9835A. If this bit is set, then the 
HP 9835A addresses the 8291A system to talk. The 
data is sent by the 8291A system is then printed on the 
CRT screen of the HP 9835A. The HP 9835 then en- 
ables the keyboard interrupts and goes into its SRQ 
checking loop. 


Appendix 4 contains the software for the 8291A system 
which is connected to the HP 9835A via the GPIB. 
This software throws away the first byte of data it re- 
ceives since this transfer was used by the HP 9835A to 
test when the 8291A system came on line. 


Next, both status registers are read and stored in the 
two variable STAT 1 and STAT 2. It is necessary to 
store the status since reading the status registers clears 
the status bits. 


Initially, six status bits are evaluated (END, 
GET, 
CPT, DEC, REMC, ADSC). Some of these conditions 
require that additional status bits be evaluated. 


If END is true, then the 8291A system has received a 
block from the HP 9835A and the contents of a buffer 
is printed on the CRT screen. Next, the CPT bit is 
checked. PPC and PPE are only valid undefined com- 
mands in this example. 


Next, the GET bit is examined and if true, the CRT 
screen connected to the serial channel on the 8291A 
system prints a message to indicate that the trigger 
command has been received. A similar process occurs 
with the DEC and REMC status bits. 


Address Status Chagne (ADSC) is checked to see if the 
8291A has been addressed or unaddressed by the con- 
troller. If ADSC is false, then the software checks the 
keyboard at the CRT terminal. If ADSC is set, then the 
TA and LA bits are read and evaluated to determine 
whether the 8291A has been addressed to talk or listen. 
The DMA controller is set to start transfers at the start 
of the character buffer and the type of transfer is deter- 
mined by whether the 8291A in in TADS or LADS. 
We only need to set up the DMA controller since the 
transfers will be transparent to the system processor. 
The keyboard from the CRT terminal is then checked. 
If a key has been hit, then this character is stored in the 
character buffer and the buffer printer set to the next 
character location. This process repeats until the re- 
ceived character is a line feed. The line feed is echoed to 
the CRT, the serial poll status byte updated and the 
SRQ line driven true. This allows the 8291A system to 
store up to one line of characters before requesting a 
transfer to the controller. Recall that upon receiving an 
SRQ, the controller will perform a serial poll and sub- 
sequently address the 8291A to talk. The 8291A system 
then goes back to reading the status register thus re- 
peating the process. 


CONCLUSION 


This application note has shown a basic method to view 
the IEEE 488 bus, when used in conjunction with In- 
tel's 8291A. 


The main reference for GPIB questions is the IEEE 
Standard 488-1978. 
Reference 8291A's data sheet for 
detailed information on it. 


Additional 
Intel GPIB 
products 
include iSBX-488, 


which is a multimode board consisting of the 8291A, 
8292, and 8293. 
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APPENDIX 
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SYSTEM BLOCK DIAGRAM WITH 8088 
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APPENDIX 
B 
SOFTWARE 
DRIVERS F.OR BLOCK DATA TRANSFER 
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MEDIUM 


1* 
BOARD 
1 TPT 
PROGRAM 
*1 


i* 
THIS 
DOt-RV 
TAL~,S 
TU 
THE 
OTHER 
AOARll 
B" 
*1 


1* 
TRANSFERRING;' 
BLOCK 
OF 
DATA 
VIA 
THE 
8237 
*1 
I. 
COUPLED 
1,ITH 
TH::: 
8291A 
THE 
8291A 
IS 
PROGRAM- 
*1 


1* 
MED TO 
SEt,D 
EOI 
I<HEN RECOGNI Z WG 
THE 
LAST 
*1 


1* 
DATA 
BiTE'S 
BIT 
PATTERN. 
WHILE 
DATA 
IS 
BEING 
*1 


1* 
TRAt,SFERRED, 
THE 
PROCESSOR 
PERFORMS 
liD 
READS 
*1 


1* 
OF 
THE 
82:17 
CC'JIH 
REGISTERS 
TO 
SIMULATE. 
BUS 
*1 


1* 
ACTI\! 
r r v. 
AND 
TO 
DEl ERMINE 
WHEN TO 
TURN 
THE 
*1 


;.. 
LINE 
AROUND, 
Ar-TER 
THE 
8237 
HAS 
REACHED 
*1 
1* 
TERMINAL 
COUNT, 
THE 
8291A 
IS 
PROGRAMMED TO 
.1 
i* 
THE 
LISTENER 
STATE 
Ar.D 
WAITS 
FOR 
THE 
BLOCK 
*1 


1* 
TO 
DE 
TRAI,SMITTED 
JlACK 
FROM 
THE 
SECOND 
BOARD, 
*1 


1* 
THIS 
DATA 
IS 
PLACED 
IN 
A 
SECOND 
BUFFER 
AND 
*1 


1* 
ITS 
CONTEt-nS 
cor1PARED 
WITH 
THE 
ORIGINAL 
DATA 
*1 


1* 
TO 
CHECK 
FOR 
INTERFACE 
INTEGR ITY. 
*1 


,BOARDI: 


DO; 


1* 
PROCEDURES 
*1 


2 
1 
CO: 


3 
2 


4 
;;: 


5 
3 
6 
2 
7 
2 


8 
9 


PROCEDURE 
(XXX) 
DECLARE 
XXX 
BYTE, 


SERSSTAT 
LITERALLY 
'OFFF2H', 
SER$DATA 
LITERALLY 
'OFFFOH', 
TXRDY 
LITERALLY 
'OIH', 
DO ImILE 
(INPUT 
(SERSSTATl 
AND 
TXRDY) 
<> 
END; 
OUTPUT 
(SERSDATA) 
= 
XXX; 
END en. 


TXRDY, 


/" 
SETUP 
BUFFERS 
*1 


DECLARE 
BUFF2 
(tOO) 
BYTE, 
1* 
RAM STORAGE 
AREA 
*) 
DECLARE 
BUFFI 
(lOO) 
BYTE 
DATA 


(1, 
2, 3, 4,5,6,7,8,9, 
10H, 


l1H, 
12H, 
13H, 
14H, 
15H, 
16H, 
17H, 
18H. 
19H, 
20H. 
21H, 
22H, 
23H, 
24H, 
25H, 
26H, 
27H, 
28H. 
29H. 
30H. 


31H, 
32H, 
33H, 
34H, 
35H, 
36H, 
37H. 
38H. 
39H. 
40H. 
41H, 
42H, 
43H, 
44H. 
45H, 
46H, 
47H, 
48H. 
49H, 
'OH. 
51H, 
52H, 
53H, 
54H, 
55H, 
56H. 
57H. 
58H. 
'9H. 
60H. 
61H, 
62H, 
63H, 
64H, 
65H, 
66H, 
67H, 
68H. 
69H. 
7OH. 


71H, 
72H, 
73H, 
74H, 
75H, 
76H, 
77H, 
78H. 
79H. 
80H. 


81H, 
82H, 
83H, 
84H, 
85H, 
86H, 
87H, 
88H. 
89H. 
90H, 
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PL/M-86 
emiP ILER 
IlOARDI 


9tH, 
92H: 
93H, 
94H, 
95H, 
96H, 
97H, 
98H, 
99H, 
ODH); 


DECLARE 
IlUFF3( 171 
BYTE 
DATA 
WDH, 
QAH, 
'CDriPARE ERROR', 
ODH, 
C,"H); 
1* ROM 
STORAGE 
AREA *1 
10 


1* 8~37 PORT 
ADDRESSES 
./ 


11 
DECLARE 


CLEARSFF 
STARTSOSLO 
STARTSOSHI 
OSCOUNTSLO 
OSCOUNTSHI 
SETSti0DE 
CMDS37 
SETStiASK 


LI TERALLY 
'OFFDDH', 
1* MASTER 
CLEAR 
*1 


LITERALL'y 
'OFFpOH', 


LITERALL',' 
'OFFDOH', 


LITERALLY 
'OFFD1H', 


LITERALLY 
'OFFDIH', 


LITERALLY 
'OFFDBH', 


LITERALLY 
'OFFD8H', 


L lTERALLY 
'OFFDFH'; 


12 
13 


1* 8237 
COMMAND 
- DATA 
BYTES 
.1 


DECLARE 
DMASADRSTALK 
POINTER; 


DECLARE 
DMASADRSLSTN 
POINTER; 


14 
DECLARE 


RDSTRANSFER 
WRSTRANSFER 
NORMSTIME 
TCSLOI 
TCSHlt 
TC$LD2 
TC 
I 


LITERALLY 
'48H', 


LITERALLY 
'44H', 


LITERALLY 
'20H', 
LITERALLY 
'OFFH', 


LITERALLY 
'OOH', 


LI TERALL Y 
'990', 


LITERALLY 
'OIH', 


BYTE; 


/- 
lOO 
XFERS 
*1 


15 
DECLARE 


Dt1ASI.RD$TAUi 
(2) 
WORD 
Dt1ASI.ROSLSTN (2) 
I.ORD 
AT 
AT 
'@DM"SADRSTALK), 
(@DMASADRSLSTN) 
; 


/* 
9291A 
FORT 
ADDRESSES 
*1 


16 
DECLARE 


PORTSOUT 
LITERALLY 
'OFFCOH', 
1* DATA 
OUT*I 
PORTSIN 
LITERALLY 
'OFFCOH' 


STATUSSl 
LITERALLY 
'OFFCIH', 
I*INTR STAT 
2*1 
STATUSS2 
L lTERALLY 
'OFFC2H', 
1* INTR 
STAT 
2 *1 
ADDRSSTATVS 
LITERALLY 
'OFFC4H', 


cmiMANDSt10D 
LITERALLY 
'OFFC5H' , I*CMD PASS 
THRU 
*1 
ADDRSO 
LITERALLY 
'OFFC6H' , 
EOSSREG 
LITERALLY 
'OFFC7H', 
1* 
EOS 
REGISTER 
*1 


3-81 


230832-6 
• 
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PLfM-B6 
COMPILER 
BOARDI 


1* 
B29IA 
COMMAND 
- 
DATA 
BYTES 
., 


17 
DECLARE 


'88H', 


'IOH', 
'OOH', 


I02H', 
'OOH', 
'IOH', 
'20H', 
'80H', 
'40H'. 
'ODH', 


'23H', 
'OA4H', 


'OFFFFH' 
, 


'02H', 
'OlH' 
, 
'04H', 


OUTPUT 
(STATUS$2) 
=CLEAR, 
i* SHUT-OFF 
DMA 
REG 
BITS 
TO *1 
1* PREVENT 
EXTRA 
DMA 
REGS 
*1 
i*FROM 
8291A 
*1 


230832-7 


END$EOI 
LITERALLY 
DNE 
L ITER ALL Y 
PON 
LITERALLY 
RESET 
LITERALLY 
CLEAR 
LITERALLY 
DMA$REO$L 
LITERALLY 
L\t1A$REO$T 
L I TERALL 
Y 
MOD1$TO 
LITERALLY 
MOD1$LO 
LI TERALL Y 
EOS 
LI TERALL 
Y 
PRESCALER 
L ITER ALL Y 
HIGH$SPEED 
LITERALLY 
OKAY 
LI TERALL 
Y 
XYZ 
BYTE. 
MATCH 
"1~ORD, 
BD 
LITERALLY 
BI 
UTERALLY 
ERR 
LITERALLY 


f* CODE 
BEGINS 
*1 


18 
START91' 


;* MANIPULATE 
DMA 
ADDRESS 
VARIABLES 
*i 


19 
20 
21 
22 


DMA$ADR$YAL.K 
= (@BUFFI), 


DM',$ADR$LSTN 
= (@BUFF2), 
DMA$WRD$TALK(I)=SHL 
(DMA$WRD$TALK(l), 
4), 
Dt1A$WRD$TALK(0)=DMA$I~RD$TALK 
(0) 
+ 
DMA$WRDSTALK 
(I), 
DMASI~RD$LSTN 
( 1) =SHL 
(Ot1ASWRD$LSTN 
(I), 
4), 
Dt1ASWRD$LSrN<O 
)=DMA$WRDSLSTN 
(0) 
+DMA$WRDSLSTN 
(1), 


23 
24 


25 
lNIT371 
1* 
UHT 
8237 
",OR 
TALKER 
FUNCTIONS 
*/ 


26 
27 
28 


OUTPUT 
(CLEARSFF) 
OUTPUT 
(CMOS37) 
OUTPUT 
(SETSt10DE) 
OUTPIJT 
(SETSMASK) 
OUTPUT 
(STARTSOSLO) 
DMASI~RDSTALK 
(0) 
OUTPUT 
(STARTSO$HI) 
OUTPUT 
(O$COUNT$LO) 
OUTPUT 
(O$COUNT$HI) 


1* 
INIT 
8291A 
FOR 
TALKER 


29 
30 
31 
32 
33 


PL/M-86 
COMPILER 
BOARDS, 


=CLEAR,/* 
TOGGLE 
MASTER 
CLEAR 
*/ 
=NORMSTIME, 
=ROSTRANSFER, 
=CLEAR, 
=DMASWRDSTALK 
(0), 
=SHR 
(Dt1ASWRDSTALK 
(0), 
e), 
=DMASWRDSTALK 
(0), 
=TCSL02, 
=TC$HI2, 
FUNCTIONS 
*/ 


3-82 


intJ 


34 
3S 
30 
37 
38 
39 


40 
1 
41 
2 
42 
1 


43 
1 
44 
2 
4S 
3 
40 
2 
47 
2 


48 


49 


SO 
2 


SI 


AP-166 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


(EOSSREG) 
=EOS, 


(C0I1MANDSMOD) 
=EtmSEOL 
1* 
EOI 
ON EOS 
SENT 
*1 


(ADDRSSTATUS) 
=MOD1STO; 
1* 
TALK 
ONLY 
*1 


(COt1MAt<DSMOD) 
=PRESCALER. 
(C Ot1MAt.DSt10D) 
=H I GHSSPEED; 


'.COMMAt.OSMOOl 
=PON; 


DO ~.HILE 
(INPUT 
(STATUSS!) 
AND 
llO) 
=0; 


END, 
1* 
WAIT 
FOR 
BO 
INTR 
*1 


OUTPUT 
(PORTSOUT> 
= 
OAAH. 


DO ~MILE 
(INPUT 
(STATUSS1) 
AND 
ERR) 
= 
ERR; 


DO I.HILE 
(INPUT 
(STATUSSI) 
AND 
BO) 
= 
0; 


END; 
1* 
WAIT 
FOR 
BO 
INTR 
., 


OUTPUT 
(PORTSOUT) 
=OAAH; 


END, 


OUTPUT 
'srATUSS2) 
=DMASREGST. 
..* 
ENABLE 
Dt~A REGS *1 


DO WHILE 
( WPUT 
(I::t1DS:]7) 
ANO 
TC) 
<> 


1* I.AIT 
FOR 
TC 
= 
0 *1 


END, 


TC; 


INIT37L; 


OUTPUT 
(STATUSS2) 
=CLEAR; 
1* 
DISA3LE 
DNA 
REGS *1 


I. 
INIT 
8237 
FOR 
LISTENER 
FUNCTIONS 
*1 


S2 
1 


53 
2 
S4 
1 
SS 
1 


S6 
1 


S7 
1 


S8 
1 
OUTPUT 


S9 
60 


61 
02 
03 


04 
1 


65 
2 


66 
1 


07 


68 


OUTPUT 
(CLEARSfF, 
O=CLt=A~, 
I. 
rOGGLE 
MASTER 
RESET 
*1 
OUTPUT 
(C1DS37) 
=NORMSTIME, 


OUTPUT 
(SETSMODE) 
=WRSTRANSFER, 


OUTPUT 
(SETSNASK) 
=CLEAR; 


O'JTPUT 
(51 ARTSOSLO; 
=Dt<ASWRDSLSTN 
(0); 
- 


DMASWRDSLSTN 
(0) 
=SHH 
(DMASWRD.LSTN 
(0). 
8); 


(START 
SOSHI) 
=DNASWRDSLSTN 
(0), 


OUTPUT 
«1$COUtHSLO) 
=TCSLOl; 


OUTPUT 
(QSCOUNTSHI) 
=TCSHI1, 


1* 
I'HT 
82"lA 
FOR 
LISTEt.ER 
FUNCTJONS 
*1 


OUTPUT 
OUTPUT 
OUTPUT 


(COMMANDSMOD) 
(ADDRSSTATUS) 
(COMMANDSMOD) 


=RESET. 
=t10DISLO; 
1* 
LISTEt. 
ONLY 
*1 
=PON; 


DO WHILE 
<INPUT 
,STATUSSI) 
AND 
BI> 
=0; 


END; 
1* 
WAIT 
FOR 
BI 
INTR 
*/ 


XYZ 
INPUT 
(PORTSIN); 


OUTPUT 
(STATUSS2) 
=DMASREGSL; 
1* 
ENABLE 
DMA REGS 
*1 


bo 
WHILE 
(INPUT 
(STATUSSI) 
AND 
DNE)':> 


1* 
WAIT 
FOR 
EOI 
RECEIVED 
.1 


ONE; 
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, 


I 
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I 
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P~/M-86 
COMPILEP 
B·JAR[, 


70 
C~1PBLY.S 


i" 
CC"IPARE 
THE 
HiO 
B')FFERS 
CONTENTS 
*1 


11ATCH=CMPB 
(@BUFFI. 
@BUFF2. 
100), 


71 
IF 
T1ATCH 
OKAY 
THEt~ 
GOTO 
START91l 


:, 
SE'·m 
ERROR 
MESSAGE 
IN 
BUf'FER 
3 
*1 


/3 
74 
75 


1 
2 
2 


DO 
1=0 
TO 
16, 
CALL 
CO 
(BUFF 
3 
(I) 
), 


END, 


76 
COTD 
START91, 


77 
END, 


MODULE 
INFORMATION: 


CODE 
AREA 
SIZE 
CONSTANT 
AREA 
SIZE 
VARIABLE 
AREA 
SIZE 
MAXIMUM 
STACK 
SIZE 
243 
LINES 
READ 
o 
PROGRAM 
ERRCR 
(5) 


=OIOBH 
=0075H 
=0070H 
=0006H 


4750 
1170 
1120 
60 


END 
OF 
PL1T1-86 
COMPILATION 
230632-9 
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PL/M-86 
eDriP I LER 
1l0ARD2 


ISIS-II 
PL/M-86 
VI. 
1 
CDriPILATION 
OF 
MODULE BOARD2 
OB')ECT 
ri0DULE 
PLAcED 
IN 
FI: 
IlRD2, 
OB,) 


COMPILER 
INVOKED 
BY: 
PLM86 
.FI· 
BRD2, 
SRC 


I 


I- BOARD 2 
TPT 
PROGRAM 
*1 
1* 
1ft/ 
1* THIS 
BOARD LISTENS 
TO THE 
OTHER 
BOARD 
(I) 
*1 
1* AND DriA'S 
DATA 
INTO 
A BUFFER, 
~mILE 
WAITING 
*1 


1* FOR 
THE 
END 
ltHERRUPT 
BIT 
TO 
IlEcoriE 
ACTIVE 
*1 


1* UPON 
END ACTIVE, 
THE 
DATA 
IN 
THE 
BUFFER 
IS 
*1 


1* SENT 
BAC" 
TO THE 
FIRST 
BOARD VIA 
THE 
GPID 
*1 


1* ~~HEN THE 
BLOCK 
IS 
FINISHED 
THE 
8291A 
IS 
*1 
1* PROGRAtiMED 
BACK 
INTO 
THE 
LISTENER 
MODE 
*1 


BOARD2 


DO, 


1* 8237 
PORT 
ADDRESSES 
*1 


2 
DECLARE 


CLEAR$FF 
START$O$Lo 
STARTSO$HI 
O$COUNT$LO 
O$COUNT$HI 
SET$MODE 
CMD$3? 
SET.MASK 


LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 


'OFFDDH' 
, 


'OFFDOH', 
'OFFDOH', 
'OFFDIH' 
, 


'OFFDIH' 
, 
'OFFDBH', 
'OFFD8H' 
, 


'OFFDFH' 
, 


I*MASTER 
CLEAR 
*1 


3 
DECLARE 


1* 8237 
CUMMAND 
- 
DATA BYTES 
*1 


RD$TRANSFER 
WR$TRANSFER 
ADDR$lA 
ADDR$IB 
NORti$TlME 
TC$LOI 
TC'HI! 
TC$L02 
TC.HI2 
TC 


LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 


LITERALLY 


1* 8291A 
PORT 
ADDRESSES 
*1 


4 
DECLARE 


PORT.OUT 
PORT.IN 
STATUS.! 
STATUSS2 
ADDRSSTATUS 
CotitiANDSti0D 


LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 


'48H', 
'44H', 
'OOH', 
'OtH' 
, 


'20H', 
'OFFH', 
'OOH', 
'990-', 
'OOH', 


'OtH' 
, 


'OFFCOH' 
, 
'OFFCOH',I* 
DATA 
IN 
*1 


'OFFCtH', 
1* 
INTR 
STAT 
1 *1 


'OFFC2H', 
1* 
INTR 
STAT 
2 
*1 


'OFFC4H', 
1* ADOR STAT 
*1 


'OFFC5H', 
1* cnn 
PASS 
THRU *1 
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6 


7 


8 
9 
10 
11 
12 
13 
14 


15 
16 
17 
18 
19 
2 


20 
21 


22 


XYZ 
BYTE, 


EO 
LITERALLY 
'02H', 
BI 
LITERALLY'OIH', 


ERR 
I. I TERALLY 
'04H', 


START91 
i 


OUTPUT 
(STATUSS2) 
=CLEAR" 
1* 
END 
INITILIZATION 
STATE 
*1 


INIT37Li 


I- 
INIT 
8237 
FOR 
LISTENER 
FUNCTION 
*1 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPLUT 


(CLEARSFF) 
=CLEARi 
1* 
TOGGLE 
MASTER 
RESET 
*1 


(CI1DS37> 
=NORMSTIMEi 


(SETSMODE) 
=WRSTRANSFER, 
1* 
BLOCK 
XFER 
MODE 
*1 


(SETSMASK) 
=CLEARi 
(STARTSOSLO) 
=ADDRSIAi 
(STARTSOSHI) 
=ADDRSIBi 


(OSCOUtHSLO) 
=TCSLOl; 


(QSCOUNTSHI> 
=TCSHI 
i . 


1* 
WIT 
8291A 
FOR 
LISTENER 
FUNCTIONS 
*1 


OUTPUT 
(COMt1ANDSMOD) 
=RESETi 


OUTPUT 
(AODRSSTATUS) 
=MODISLOi 


OUTPUT 
(COMMANDSMOD) 
=PONi 


DO '~HILE 
(INPUT 
(STATUSSI) 
AND 
31) 
=Oi 


ENDi 
I" 
'~AIT 
FOR 
BI 
INTR 
*1 
XYZ= 
INPUT 
(PORTSIN)i 


OUTPUT 
(STATUSS2) 
=Dt1ASREGSL; 


1* 
'~AIT 
UtHIL 
EOI 
RCVD 
AND 
END 
ItHR-:lIT 
SET 
*1 


DO lmlLE 
(INPUT 
(STATUSSI) 
AND 
DNE 
) 
<:> 
ONE; 
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PL/M··8e. 
CaMP ILER 
BOARD2 


23 


24 


25 
26 
27 
28 
29 
30 
3! 
32 


I 


33 
34 
35 
36 
37 
38 


39 
1 
40 
2 
4! 
1 


42 
1 
43 
2 
44 
3 
45 
2 
46 
2 


I 


47 


48 
49 
2 


50 


51 


INIT37T' 
/4 
1Nl T 
8237 
FOR 
TALI',ER 
FUr~CTION 
4/ 


END; 


/* 
HUT 
8291A 
FOR 
TALKER 
FUNCTION 
*1 


DO 
ImILE 
(INPUT 
(STATUS$!) 
AND 
BO) 
END; 
1* 
WAIT 
FOR 
BO 
INTR 
*1 


OUTPUT 
(PORTSOUT) 
=OAAH; 


DO 
IMILE 
(rr~PUT 
(STATUS$I) 
AND 
ERR) 
=ERR; 
DO 
L.HILE 
(INPUT 
(STATUS$!) 
AND 
BO) 
=0; 
END; 
1* WAIT 
FOR 
BO 
INTR 
*1 


OUTPUT 
(PORT$OUT) 
=OAAH; 
END; 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


(STATUS$2) 
=CLEAR; 
1* CLEAR 
8291A 
DRO 
*1 
(CLEAR$FF) 
=CLEAR; 
(CMD$37> 
=NORM$TIr1E; 
(SET$MOOE) 
=RD$TRANSFER; 
1* 
BLOCK 
XFER 
MODE *1 


(SET$MASK) 
=CLEAR; 
(STARTSOSLO) 
=ADORslA; 


(STARTSOSHI) 
=AODR$!B; 
(OsCOUrn$LO) 
=TC$L02; 


(OsCOUrH$HI) 
=TC$HI2; 


(EOS$REG) 
=EOS; 


(COMMANO$r10D) 
«,DDR$STATUS) 
\ COMMAt.D$MOO) 
(COMr1ANDsr100 
j 
(COMMAt.DsMOD) 


=END$EOL 
1* EOI 
ON 
EOS 
SENT 
*1 
=r10DI$TO; 
1* 
TALK 
ONLY 
*1 
=PRESCALER; 
=HIGH$SPEED; 
=PON; 


OUTPUT 
(STATUS$2) 
=OMA$REG$T; 


1* 
I~AIT 
FOR 
TC=O 
*1 


DO 
L.HILE 
END; 
( INPUT 


GOTO 
START9L 


END; 


(Cr1D$37> 
AND 
TC) 
<> 
TC; 


=0122H 
=OOOOH 
=OOOIH 
=OOOOH 


2900 
OD 
10 
OD 


MODULE 
IN"ORMATION 


CODE 
AREA 
SIZE 
CONSTANT 
AREA 
SIZE 
VARIABLE 
AREA 
SIZE 
MAXIMur1 
STACK 
SIZE 
152 
LINES 
READ 
o 
PROGRAM 
ERROR 
(S) 
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APPENDIX C 
SOFTWARE FOR HP 9835A 


le 
REM 
seun 
11'1 


TERFACE 
CLEAR 
20 
ABORTIO 
7 
30 
REM 
FORCE 
E 
RRORS 
UHTIL 
LIST 
EHERS 
ACT! 
YE 
40 
Frc.rr: 
OUT 


PUT 
70' 
USIHC 
"' 
,K"; "I" 
'9 
Chks.tst: 
sr 
fHUS 7lSta.tl,5to. 
t2,Stu-3,$to.t4 
60 
Err=S.tOot2 
A 
MD I 
70 
IF 
Err=1 
TH 
EH 
COTO 
Er-c e r-r- 


S0 
PRINT 
CHRt 
( 


121! 
wLlSTEHERS 
A 
RE 
ON 
LINE 
90 
REM 
CONF I GU 


RE 
PPOLL 
100 
PPOLL 
CONi=": 


CURE 
7B4; 
"0Beo~ 
1 


ea" 
110 


Sto.t4 
170 
Srq=E:IHAND( 


Sto.tt,lr,t8) 
180 
IF 
Srq=O 
TH 
EN 
GOTO 
j.e- HI 


19~. 
OFi=IID 


280 
PRINT 
CHRS{ 


121 ~ ·SRO 
RECEIVE 
D" . 


218 
PRINT 
"SEND 
I NC 
PARALLEL 
POL 
L 
RESPONSE 
MESSA 
CE" 
220 
REM 
EXECUT! 
NC 
PARALLEL 
POLL 
239 
Ppollbyte*P 
POLL 
(7) 
2'0 
PRINT 
"PARA 
LLEL 
POLL 
BYTE 
= 
M;Ppd~11byte 
2S0 
PRINT 
__ "_ 


ORMIHG 
SERIAL 
PO 
LL 
TO 
CET 
STATUS 


320 
STATUS 
7B4; 
5\at 
338 
PRINT 
CHR' 
( 
12), •.S\G.tus 
•.• 
; 


5to.t 
. 


340 
D~t e r =BH~AH 


D(S~ Q.t.d: 
sae 
IF 
Dxt'er)B 
THEN 
GOTO 
Rc vr- 


:538 
CO TO 
Keyen 
:531 ·Rcvr: 
RE" 
R 
EADY 
TO 
RCY 
CHAR 
S 
FROM 
CPIB 
S.0 
DIH 
CHS01 
SS0 
EHTER 
70. 
U 
SING 
"%, 
TOO ;GS 
S60 
PRINT 
CHR. 
( 
12), cs 
S70 
PRIHT 
"COHM 
AHD 
:z 
? 
(HIT 


'H' 
FOR 
LIST)" 


580 
COla 
K.y.n 
S90 
REM 
I HTERRU 
PT 
SERYICE 
ROUT! 
NES 
608 
REH 
CET 
KEY 


BOARD 
DATA 
619 
Uho\ 
key; 
DJ 
M K. 
[S01 


620 
K'=KBDS 


630 
IF 
K$="C· 


HEN 
COTO 
Get 
640 
IF 
K'="D" 
T 


HEt-! 
COTO 
Dee 
6S0 
IF 
Kt'"R" 
T 


HEN 
COTO 
Re", 


660 
IF 
Kt="H" 


HEN 
COTO 
HelP 
678 
[F 
Kt·"X" 
T 


HEN 
CO TO 
X,,; t 
688 
Cu: 
TRI~SE 


R 
70. 
698 
PRIHT 
CHR. 
( 


12) 
, "CROUP 
EXECU 
TE 
TR I CCER 
SE~T·· 


700 
PRINT 
718 
PRIHT 
"CO~IM 


AND 
=? 
(HIT 
'w 
FOR 
LIST)- 


728 
RETURN 
730 
Do<: 
RESET 


784 
748 
PRINT 
CHRt' 


121,-SELECTIYE 
D 


EYICE 
CLEAR 
SEHT 


7S0 
760 
AND 
'H' 
778 


7S0 
784 
799 
PRINT 
CHRt, 


121 
I _ RE"OTE 
"ESS 


ACE 
SENT" 
S88 
PRIHT-" 
SI8 
PRINT 
"COHN 


AND 
~ ? 
(HIT 
'H' 
FOR 
LISTl" 


S29 
RETURN 


838 
Help: 
" PRIHT 
CNRt(12) 
948 
PRINT 
tt, 


, 
OPERATOR 
ALLO~ 
ABLE 
COMHANDS 
I@ 
tf 
8S0 
koy 


869 


PRINr.~ 
PRINT 
"COHM 


: 
? 
(HIT 
FOR 
LIST'" 
RETURN 


Re"': 
LOCAL 


PRINT 
hi t 


r.sul 
t- 


PRINT 
S.nd 
CET 
.$~o,e.- 
S79 
~RIHT 
S.nd 
DEC 
" 
esso.,e- 
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26(1 
PJ)o 11 byt 
E-=B 


INAHDIPJ)ollb'Yte, 
8) 
278 
IF 
Ppollbyt, 


~:::0 
THEN 
COTO 
~ ~ 


291 
280 
PRINT 
-SR" 


HOT 
FROM 
S291" 


281 
PRItH 
-COj"H-j 


AND: 
? 
(HIT 
'H' 
FOR 
LIST)" 


290 
COTO 
KE'Y~n 
300 
P8291: 
PRIN 
T 
"SRO 
IS 
FROM 
H 
CC 
8291 
••• 
THE 
ENTERPRISE" 
310 
PR I NT 
"PERF 


I 
response 
or, 


bi t 
4 
120 
PRINT 
CH',; 


12) 
I -PARALLEL 
PO 


LL 
COHFICURED- 


130 
REM 
ENABLE 


KEYBOARD 
HHERRU 
PT 
140 
PRINT 
·COMM 
AND::: 
? 
(HIT 


'H' 
FOR 
LIST)·· 


150 
Keyen: 
ON 
K 


BD 
COSUB 
610 
168 
STATUS 
71 S, 
otl,StClt2,Stot3, 
230832-13 


8~8 
PRINT 
P 
948 
Xl'lit: 
DIM 
A 
Send 
REM_ L 
• [S01 
OC ae s s e ee " 
9S0 
PRINT 
CHR. 
( 
S98 
PRINT 
X 
12), "Ent er- do.to 


X"j ts 
Ice) t 
to 
send 
and 
hi t 
oo.rd 
; nput 
to 
f~ 
COHTINUE" 
91 " 
960 
INPUT 
AS 
980 
PRIHT 
" 
H 
979 
OUTPUT 
784; 
Prints 
thi 
A. 
s 
tobl.- 
971 
EOI 
718 
918 
PRINT 
9S0 
PRIHT 
"COMM 
928 
PRIHT 
AND .? 
(HIT 
ee ah.ad, 
TRY 
IT 
'H' 
FOR 
LIST)" 
," 
990 
RETURN 
930 
RETURH 
U80 
END 
230832-15 
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APPENDIX 
D 
SOFTWARE 
FOR HP SOSS/HP 9S35A VIA GPIB 


PL/M-86 COMPILER 
HPIB 


1818-11 PL/M-8b VI.I COMPILATION OF MODULE HPIB 
OB~ECT MODULE PLACED IN :FI:HPIB.OB~ 
COMPILER INVOKED BY: 
PLM86 :FI:HPIB.SRC LARGE 


HPIB: 
"1* 


PARAMETER DECLARATIONS 
*1 


DECLARE 


ADDR$HI 
LITERALLY 
'OIH', 
ADDR$LO 
LITERALLY 
'OOH', 
ADSC 
LITERALLY 
'OIH', 


BI 
LITERALLY 
'OIH', 
BD 
LITERALLY 
'02H', 
CHAR$COUNT 
BYTE, 


CHAR 
BYTE, 


CHARS(SO) 
BYTE, 


CLEAR 
LITERALLY 
'DOH', 
CPT 
LITERALLY 
'SOH', 
CRLF 
LITERALLY 
,OAH ', 
DEC 
LITERALLY 
'OSH', 
DMA$ADR$LSTN 
POINTER, 
DMA$ADR$TALK 
POINTER, 
DMA$WRD$LSTN(2) WORD AT 
(.DMA$ADR$LSTN), 
DMA$WRD$TALK(2) WORD AT 
(.DMA$ADR$TALK), 
DMA$REO$L 
LITERALLY 
'IOH', 
DMA$REO$T 
LITERALLY 
'20H', 
DNE 
LITERALLY 
'IOH', 


END$EOI 
LITERALLY 
'SSH', 
EOS 
LITERALLY 
'ODH', 


ERR 
LITERALLY 
'04H', 
OET 
LITERALLY 
,20H', 
I 
BYTE, 
LISTEN 
LITERALLY 
'04H', 


MLA 
LITERALLY 
,04H', 
MODE$1 
LITERALLY 
'OIH', 
NO$DMA 
LITERALLY 
'OOH', 
NO$RSV 
LITERALLY 
'DOH', 
NORM$TIME 
LITERALLY 
'20H', 
PON 
LITERALLY 
,OOH ', 
PPC 
LITERALLY 
'OSH', 
PPE$MASK 
LITERALLY 
'60H', 
PPOLL$CNFO$FLAO LITERALLY 
'OIH', 
PPOLL$EN$BYTE 
BYTE, 
PRI$BUF(SO) BYTE AT 
(.CHARS), 


RD$XFER 
LITERALLY 
'48H', 
RESET 
LITERALLY 
,02H ', 
REMC 
LITERALLY 
'02H', 
RSV 
LITERALLY 
'40H', 
RXRDY 
LITERALLY 
,02H ', 


\ 
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3 


4, 
6 
7 
8 


DECLARE 


ADDR.O 
ADDR.STATUS 
CLEAR.FF 
CMD.37 
COf1I1AND.MOD 
COUNT.HI 
COUNT$LO 
CPT.REQ 
EOS.REQ 
PORT.IN 
PORT.OUT 
SER.DATA 
SER.STAT 
SET.MASK 
SET.MODE 
SPOLL.STAT 
START.HI 
START.LD 
STATUS. 1 
STATUS.2 


LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 


PROCEDURE, 


'OFFC6H', 
'OFFC4H', 
'OFFDDH', 
'OFFD8H', 
'OFFCSH', 
'OFFD1H', 
'OFFD1H' 
, 
'OFFC'H', 
'OFFC7H', 
'OFFCOH', 
'OFFCOH', 
'OFFFOH', 
'OFFF2H', 
'OFFDFH', 
'OFFDBH', 
'OFFC3H', 
'OFFDOH', 
'OFFDOH', 
'OFFC1H', 
'OFFC2H', 


DECLARE QET.MSQ(t1> 
BYTE DATA (ODH,OAH, 
'TRIQQER', 
OAH, OOH), 
DECLARE DEC.MSQ(16) 
BYTE DATA (ODH,OAH, 
'DEVICE 
CLEAR'.OAH.ODH), 
DECLARE REMC.MSQ(lO) 
BYTE DATA (ODH.OAH, 
'REI'1OTE'.DOH.OAH), 
DECLARE CPT.MSQ(22) 
BYTE DATA (ODH.OAH. 
'UNDEF 
CI'1D RECEIVED'.OAH.OOH), 


DECLARE HUH.MSQ(ll) 
BYTE DATA (ODH.OAH. 
'HUH ???'.ODH.OAH), 


REGSER: 
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10 
2 


11 
2 
12 
3 


13 
2 


14 
2 
l' 
1 
16 
2 


17 
2 
18 
3 
19 
2 
20 
2 
21 
1 
22 
2 
23 
3 
24 
3 
2' 
2 


26 


27 
2 
28 
2 
29 
3 
30 
3 
31 
3 
32 
3 
33 
3 
34 
3 
3' 
3 
36 
3 
37 
3 
38 
4 
39 
5 
40 
4 
41 
4 
42 
3 
43 
3 
44 
2 


45 


46 
2 


47 
48 
49 


HPIB 


OUTPUT 
(SPOLLSSTATI-TRO, 


DO 
WHILE 
(INPUT 
(SPOLLSSTATI 
AND 
SROSI-SROS, 
END, 


OUTPUT 
(SPOLLSSTATI-NOSRSV, 


END 
REOSER, 


CO: 
PROCEDURE(XXXI, 
DECLARE 
XXX 
BYTE, 


DO 
WHILE 
(INPUT 
(SERSSTATI 
AND 
TXRDYI<>TXRDY, 
END, 
OUTPUT 
(SERSDATAlsXXX, 
END 
CO, 


HUH: 


END 


PROCEDURE, 
DO 
1-0 
TO 
10, 
CALL 
CO 
(HUHSMSQ(III, 
END, 
HUH, 


230832-18 


Cl: 
PROCEDURE, 


IF 
(INPUT 
(SERSSTATI 
AND 
RXRDYlaRXRDY 
THEN 
DO, 
1-0; 
CHARSCOUNT=O, 
STORESCHAR: 
CHAR-(INPUT 
(SERSDATAI 
AND 
7FHI, 
CHARSCOUNT-CHARSCOUNT+1, 
CALL 
CO 
(CHAR I, 
CHARS( I I-CHAR, 
Isl+1, 
IF CHAR 
<> 
CRLF 
THEN 
DO, 
DO 
WHILE 
(INPUT 
(SERSSTATI 
AND 
RXRDYI 
<>RXRDY, 
END, 
QOTO 
STORESCHAR, 
END, 
CALL 
REOSER, 
END, 
END 
Cl, 


TALKSEXEC: 
PROCEDURE, 


OUTPUT 
(STATUSS21-CLEAR, 


1* 
manipulat. 
addr.s5 
bit5 
for 
DMA 
controll.r 
*1 


2 
2 
2 


DMASADR$TALK-(aCHARSI, 
DMASWRDSTALK(11-SHL(DMASWRDSTALK(11.4I, 
DMA$WRDSTALK(01-DMA$WRDSTALK(OI+DMASWRDSTALK(11, 


OUTPUT 
(CLEARSFFI-CLEAR, 
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PL/M-86 
COMPILER 
HPIB 


51 
52 
53 
54 
55 
56 
57 
58 


2 
2 
2 
2 
2 
2 
2 
2 


OUTPUT 
(CMD371-NORM.TIME, 
OUTPUT 
(SET.MODEl-RD.XFER, 


OUTPUT 
(SET.MASKl-CLEAR, 
OUTPUT 
(START.LOl-DMA.WRD.TALK(OI, 
DHA.WRD.TALK(01-SHR(DMA.WRD.TALK(01.81, 
OUTPUT 
(START.HIl-DMA.WRD.TALK(OI, 
OUTPUT 
(COUNT.LOl-CHAR.cOUNT, 


OUTPUT 
(COUNT.HIl=O, 


59 
2 
60 
2 


61 
2 
62 
3 
63 
2 


64 
2 
65 
3 
66 
4 
67 
3 
68 
3 
69 
2 


70 
2 


71 


72 
2 
73 
2 
74 
2 
75 
2 
76 
2 
77 
2 
78 
2 
79 
2 
80 
2 
81 
2 
82 
2 
83 
2 
84 
2 
85 
2 


86 
2 


87 


88 
2 


89 
2 
90 
3 
91 
3 
92 
3 
93 
2 


94 
2 


OUTPUT 
(EOS.REOI sEOS, 
OUTPUT 
(COMHAND.MODl-END.EOI, 


DO 
WHILE 
(INPUT 
(STATUS.11 
AND 
BOl-O, 
END, 
OUTPUT 
(PORT.OUTI-OAAH, 


DO 
WHILE 
(INPUT 
(STATUS.11 
AND 
ERRl-ERR, 
DO 
WHILE 
(INPUT 
(STATUS.11 
AND 
BOl-O, 


END, 
OUTPUT 
(PORT.OUTI-OAAH, 
END, 
OUTPUT 
(STATUS.21sDMA.REO.T, 


END 
TALK.EXEC, 


LISTEN.EXEC: 
PROCEDURE, 


OUTPUT 
(STATUS.21=CLEAR, 


OUTPUT 
(CLEAR.FFl-CLEAR, 


OUTPUT 
(CMD.371-NORM.TIME, 
OUTPUT 
(SET.MDDEl-WR.XFER, 
OUTPUT 
(SET.MASKl-CLEAR, 


DMA.ADR.LSTN-(etHARSl, 
DHA.WRD~STN(11-SHL(DMA.WRD.LSTN(11.41' 
DMA.WRD.LSTN{01-DMA.WRD.LSTN(01+DMA.wRD.LSTN(11, 
OUTPUT 
(START.LOl-DHA.WRD.LSTN(OI, 


DMA.WRD.LSTN(01-SHR(DHA.WRD.LSTN(01.81, 
OUTPUT 
(START.HIl-DMA.WRD.LSTN(O), 
OUTPUT 
(COUNT.LOl-TC.LO, 


OUTPUT 
(COUNT.HIl-TC.HI, 


OUTPUT 
(STATUS.21=DMA.REO.L, 


END 
LISTEN.EXEC, 


PRINTER: 
PROCEDURE, 


1-0; 


DO 
WHILE 
PRI.BUF(Il 
<>CRLF, 
CALL 
CO 
(PRI.BUF(Il), 


1-1+1; 


END, 
CALL 
CO 
(PRI.BUF(Ill, 


END 
PRINTER, 
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PL/M-86 
COMPILER 


96 
2 


97 
2 
98 
2 
99 
2 
100 
2 


101 
2 


102 
1 
103 
2 
104 
3 
10' 
3 
106 
2 


107 
1 
108 
2 
109 
3 
110 
3 
111 
2 


112 
1 
113 
2 
114 
3 
11' 
3 
116 
2 


117 


118 


119 


120 


121 
122 


123 


124 
1 
12' 
2 
126 
3 
127 
3 


128 
129 
130 
131 


132 
133 


HPlB 


ADSCSEXEC: 
PROCEDURE, 


TASORSLA=INPUT 
(ADDRSSTATUS), 


IF 
(TASORSLA 
AND 
TALK)-TALK 
THEN 
CALL 
TALKSEXEC, 
IF 
(TASORSLA 
AND 
LISTEN)-LISTEN 
THEN 
CALL 
LISTENSEXEC, 


END 
ADSCSEXEC, 


OETSEXEC: 
PROCEDURE, 
DO 
1-0 TO 
10, 
CALL 
CO 
(GETSMSO(I», 


-END, 
END 
GETSEXEC, 


DECSEXEC: 
PROCEDURE, 
DO 
1-0 TO 
1" 
CALL 
CO 
(DECSMSG(I», 


END, 
END 
DECSEXEC, 


REMCSEXEC: 
PROCEDURE, 
DO 
1-0 TO 
9, 
CALL 
CO 
(REMCSMSO(Il.)' 
END, 
END 
REMCSEXEC, 


PPOLLSCON: 
PROCEDURE, 


OUTPUT 
(COMMANDSHOD)=PPOLLSCNFOSFLAG, 


END 
PPOLLSCQN, 


PPOLLSEN: 
PROCEDURE, 


2 
2 


2 


PPOLLSENSBYTE=(UDC 
AND 
6FHl, 
OUTPUT 
(COMMANDSMODI-PPOLLSENSBYTE" 


END 
PPOLLSEN, 


PROCEDURE, 
DO 
1-0 TO 21, 
CALL 
CO 
(CPTSHSO(III, 


END, 


2 
2 
2 
2 


UDC-INPUT 
(CPTSREGI, 
UDC-(UDC 
AND 
7FHl, 
IF 
(UDC 
AND 
PPCI=PPC 
THEN 
CALL 
PPOLLSCON, 


2 
2 
IF 
(UDC 
AND 
PPESHASKI-PPESMASK 
THEN 
CALL 
PPOLLSENj 
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142 


143 
144 


146 


147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 


DO WHILE 
(INPUT 
(STATUS.l1 
AND 
BII~O, 
END, 


XVZ-INPUT 
(PORT.INI, 
XVZaINPUT 
(STATUS.2I, 


CI'1D: 


RDSTAT: 
1* 
r.ad 
.t.tus 
register. 
and 
interpret 
command 
*1 


STAT1-INPUT 
(STATUS.ll, 
STAT2-INPUT 
(STATUS.2I, 


1 
1 
1 
1 
2 
2 
2 
1 
1 
2 
2 
2 
1 
1 
2 
2 
2 
1 
1 
2 
2 
2 
1 


IF (STATl 
AND ONE I-ONE THEN 
CALL 
PRINTER, 


IF (STATl 
AND CPTI-CPT 
THEN 
DO, 
CALL 
CPT.EXEC, 
STAT2-(STAT2 
AND 
OFEHI, 


END, 
IF (STATl 
AND GETI-GET 
THEN 
DO, 
CALL 
GET.EXEC, 
STAT2-(STAT2 
AND OFEHI, 


END, 
IF (STATl AND 
DECI-DEC 
THEN 
DO, 
CALL 
DEC.EXEC. 
STAT2-(STAT2 
AND 
OFEHI, 
END. 
IF (STAT2 AND 
REI'1CI-REI'1C 
THEN 
DO, 
CALL 
REI'1C.EXEC, 
STAT2-(STAT2 
AND 
OFEHI, 
END, 
IF (STAT2 AND 
ADSCI-ADSC 
THEN 
230632-21 
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170 
1 
171 
2 
172 
2 
173 
2 


DO, 
CA~~ 
ADSCSEXEC, 


STAT2-(STAT2 
AND 
OFEH). 
END, 


174 
CA~~ 
Cl. 


17~ 
OOTO 
CMD, 


170 
END, 


I10DULE 
INFORMATION: 


CODE 
AREA 
SIZE 
CONSTANT 
AREA 
SIZE 
YARIAB~E 
AREA 
SIZE 
MAXIMUM 
STACK 
SIZE 
349 
~INES 
READ 
o 
PROORAM 
ERROR(S) 


- 047~H 
= OOOOH 
- 0061H 
- OOOAH 


11410 
OD 
970 
100 


"-liNOOF" p~/M-e6 
COMPI~ATION 
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The Intel@ 8292 is a preprogrammed UPITM-4IA that 
implements the Controller function of the IEEE Std 
488-1978 (GPIB, HP-IB, IEC Bus, etc.). In order to 
function the 8292 must be used with the 8291 Talker/ 
Listener and suitable interface and transceiver logic 
such as a pair of Intel 8293s. In this configuration the 
system has the potential to be a complete GPIB Con- 
troller when driven by the appropriate software. It has 
the following capabilities: System Controller, send IFC 
and Take Charge, send REN, Respond to SRQ, send 
Interface messages, Receive Control, Pass Control, Par- 
allel Poll and Take Control Synchronously. 


This application note will explain the 8292 only in the 
system context of an 8292, 8291, two 8293s and the 
driver software. If the reader wishes to learn more 
about the UPI-4IA aspects of the 8292, Intel's Applica- 
tion Note AP-41 describes the hardware features and 
programming characteristics of the device. Additional 
information on the 8291 may be obtained in the data 
sheet. The 2893 is detailed in its data sheet. Both chips 
will be covered here in the details that relate to the 
GPIB controller. 


The next section of this application note presents an 
overview of the GPIB in a tutorial, but comprehensive 
nature. The knowledgeable reader may wish to skip this 
section; however, certain basic semantic concepts intro- 
duced there will be used throughout this note. 


Additional sections cover the view of the 8292 from the 
CPU's data bus, the interaction of the 3 chip types 
(8291, 8292, 8293), the 8292's software protocol and 
the system level hardware/software 
protocol. A brief 
description of interrupts and DMA will be followed by 
an application 
example. Appendix 
A contains 
the 


source code for the system driver software. 


GPIBIIEEE 
488 OVERVIEW 


Design Objectives 


WHAT 
IS THE IEEE 488 (GPIB)? 


The experience of designing systems for a variety of 
applications in the early 1970's caused Hewlett-Pack- 
ard to define a standard intercommunication 
mecha- 
nism which would allow them to easily assemble instru- 
mentation systems of varying degrees of complexity. In 
a typical situation each instrument designer designed 
his/her own interface from scratch. Each one was in- 
consistent in terms of electrical levels, pin-outs on a 
connector, and types of connectors. Every time they 


built a system they had to invent new cables and new 
documentation just to specify the cabling and intercon- 
nection procedures. 


Based on this experience, Hewlett-Packard began to de- 
fine a new interconnection scheme. They went further 
than that, however, for they wanted to specify the typi- 
cal communication protocol for systems of instruments. 
So in 1972, Hewlett-Packard 
came out with the first 


version of the bus which since has been modified and 
standardized by a committee of several manufacturers, 
coordinated through the IEEE, to perfect what is now 
known as the IEEE 488 Interface Bus (also known as 
the HPIB, the GPIB and the IEC bus). While this bus 
specification may not be perfect, it is a good compro- 
mise of the various desires and goals of instrumentation 
and computer peripheral manufacturers to produce a 
common interconnection mechanism. It fits most in- 
strumentation systems in use today and also fits very 
well the microcomputer I/O bus requirements. The ba- 
sic design objectives for the GPIB were to: 
I) Specify a system that is easy to use, but has all of the 
terminology and the definitions related to that sys- 
tem precisely spelled out so that everyone uses the 
same language when discussing the GPIB. 


2) Define all of the mechanical, electrical, and function- 
al interface requirements of a system, yet not define 
any of the device aspects (they are left up to the 
instrument designer). 


3) Permit a wide range of capabilities of instruments 
and computer peripherals to use a system simulta- 
neously and not degrade each other's performance. 


4) Allow different manufacturers' equipment to be con- 
nected together and work together on the same bus. 


5) Define a system that is good for limited distance in- 
terconnections. 


6) Define a system with minimum restrictions on per- 
formance of the devices. 


7) Define a bus that allows asynchronous communica- 
tion with a wide range of data rates. 


8) Define a low cost system that does not require exten- 


sive and elaborate interface logic for the low cost 
instruments, yet provides higher capability for the 
higher cost instruments if desired. 
9) Allow systems to exist that do not need a central 
controller; that is, communication directly from one 
instrument to another is possible. 


Although the GPIB was originally designed for instru- 
mentation systems, it became obvious that most of 
these systems would be controlled by a calculator or 
computer. With this in mind several modifications were 
made to the original proposal before its final adoption 
as an international standard. Figure I lists the salient 
characteristics of the GPIB as both an instrumentation 
bus and as a computer I/O bus. 
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Data Rate 
IM bytes/s, max 
250k bytes/s, typ 
Multiple Devices 
IS devices, max (electrical limit) 
8 devices, typ (interrupt flexibility) 


Bus Length 
20 m, max 
2 m/device, typ 
Byte Oriented 
8-bit commands 


B-bit data 
Block Multiplexed 


Optimum strategy on GPIB due to 
setup overhead for commands 
Interrupt Driven 
Serial poll (slower devices) 
Parallel poll (faster devices) 
Direct Memory Access 
One DMA facility at controller 
serves all devices on bus 
Asynchronous 
One talker 
Multiple listeners 
I/O to I/O Transfers 
Talker and listeners need not 
include microcomputer/controller 


} 
3-wire handshake 


Figure 1. Major Characteristics 
of GPIB as 
Microcomputer 
I/O Bus 


The bus can be best understood by examining each of 
these characteristics from the viewpoint of a general 
microcomputer I/O bus. 


Data Rate-Most 
microcomputer systems utilize pe- 
ripherals of differing operational rates, such as floppy 
discs at 31k or 62k bytes/s (single or double density), 
tape cassettes at 5k to 10k bytes/s, and cartridge tapes 
at 40k to 80k bytes/so In general, the only devices that 
need high speed I/O are 0.5" (1.3-cm) magnetic tapes 
and hard discs, operational at 30k to 781k bytes/s, re- 
spectively. Certainly, the 25Ok-bytes/s data rate that 
can be easily achieved by the IEEE 488 bus is sufficient 
for microcomputers and their peripherals, and is more 
than needed for typical analog instruments that take 
only a few readings per second. The IM-byte/s maxi- 
mum data rate is not easily achieved on the GPIB and 


requires special attention to considerations beyond the 
scope of this note. Although not required, data buffer- 
ing in each device will improve the overall bus perform- 
ance and allow utilization of more of the bus band- 
width. 


Multiple Devices-Many 
microcomputer systems used 
as computers (not as components) service from three to 
seven peripherals. With the GPIB, up to 8 devices can 
be handled easily by I controller; with some slowdown 
in interrupt handling, up to IS devices can work togeth- 
er. The limit of 8 is imposed by the number of unique 
parallel poll responses available; the limit of IS is set by 
the electrical drive characteristics of the bus. Logically, 
the IEEE 488 Standard is capable of accommodating 
more device addresses (31 primary, each potentially 
with 31 secondaries). 


I, 


Bus Length-Physically, 
the majority of microcomput- 
er systems fit easily on a desk top or in a standard 19" 
(48-cm) rack, eliminating the need for extra long ca- 
bles. The GPIB is designed typically to have 2m of • 
length per device, which accommodates most systems. 
A line printer might require greater cable lengths, but 
this can be handled at the lower speeds involved by 
using extra dummy terminations. 


Byte Oriented-The 
8-bit byte is almost universal in 
I/O applications; even 16-bit and 32-bit computers use 
byte transfers for most peripherals. 
The S-bit byte 
matches the ASCII code for characters and is an inte- 
gral submultiple of most computer word sizes. The 
GPIB has a.n 8-bit wide data path that may be used to 
transfer ASCII or binary data, as well as the necessary 
status and control bytes. 


Block Multiplexed-Many 
peripherals are block orient- 
ed or are used in a block mode. Bytes are transferred in 
a fixed or variable length group; then there is a wait 
before another group is sent to that device, e.g., one 
sector of a floppy disc, one line on a printer or type 
punch, etc. The GPIB is, by nature, a block multi- 
plexed bus due to the overhead involved in addressing 
various devices to talk and listen. This overhead is less 
bothersome if it only occurs once for a large number of 
data bytes (once per block). This mode of operation 
matches the needs of microcomputers and most of their 
peripherals. Because of block multiplexing, the bus 
works best with buffered memory devices. 


Interrupt Driven-Many 
types of interrupt systems ex- 
ist, ranging from complex, fast, vectored/priority 
net- 
works to simple polling schemes. The main tradeoff is 
usually cost versus speed of response. The GPIB has 
two interrupt protocols to help span the range of appli- 
cations. The first is a single service request (SRQ) line 
that may be asserted by all interrupting devices. The 
controller then polls all devices to find out which wants 
service. The polling mechanism is well defined and can 
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be easily automated. For higher performance, the paral- 
lel poll capability in the IEEE 488 allows up to eight 
devices to be polled at once--each device is assigned to 
one bit of the data bus. This mechanism provides fast 
recognition of an interrupting device. A drawback is 
the frequent need for the controller to explicitly con- 
duct a parallel poll, since there is no equivalent of the 
SRQ line for this mode. 


Direct Memory Access (DMA)-In 
many applications, 
no immediate processing of I/O data on a byte-by-byte 
basis is needed or wanted. In fact, programmed trans- 
fers slow down the data transfer rate unnecessarily in 
these cases, and higher speed can be obtained using 
DMA. With the GPIB, one DMA facility at the con- 
troller serves all devices. There is no need to incorpo- 
rate complex logic in each device. 


Asynchronous Transfers-An 
asynchronous bus is de- 
sirable so that each device can transfer at its own rate. 
However, there is still a strong motivation to buffer the 
data at each device when used in large systems in order 
to speed up the aggregate data rate on the bus by allow- 
ing each device to transfer at top speed. The GPIB is 
asynchronous and uses a special 3-wire handshake that 
allows data transfers from one talker to many listeners. 


I/O to I/O Transfers-In practice, I/O to I/O transfers 
are seldom donedue 
to the need for processing data 
and changing formats or due to mismatched data rates. 
However, the GPIB can support this mode of operation 
where the microcomputer is neither the talker nor one 
of the listeners. 
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Figure 2. Interface Capabilities and Bus Structure 
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DATA 
BUS 


The lines DIOl through DI08 are used to transfer ad- 
dresses, control information and data. The formats for 
addresses and control bytes are defined by the IEEE 
488 standard (see Appendix C). Data formats are unde- 
fined and may be ASCII (with or without parity) or 
binary. DlOl is the Least Significant bit (note that this 
will correspond to bit 0 on most computers). 


MANAGEMENT 
BUS 


ATN-Attention. 
This signal is asserted by the Con- 
troller to indicate that it is placing an address or con- 
trol byte on the Data Bus. ATN is de-asserted to allow 
the assigned Talker to place status or data on the Data 
Bus. The Controller 
regains control by reasserting 
ATN; this is normally done synchronously with the 
handshake to avoid confusion between control and data 
bytes. 


EO/-End 
or Identify. This signal has two uses as its 
name implies. A talker may assert EOI simultaneously 
with the last byte of data to indicate end of data. The 
Controller may assert EOI along with ATN to initiate a 
Parallel Poll. Although many devices do not use Paral- 
lel Poll, all devices should 
use EOI to end transfers 
(many currently available ones do not). 


SRQ-Service 
Request. This line is like an interrupt: it 
may be asserted by any device to request the Controller 
to take some action. The Controller must determine 
which device is asserting SRQ by conducting a Serial 
Poll at its earliest convenience. The device deasserts 
SRQ when polled. 


/FG--Interface 
Clear. This signal is asserted only by 
the System Controller in order to initialize all device 
interfaces to a known state. After deasserting IFC, the 
System Controller is the active controller of the system. 


REN-Remote 
Enable. This signal is asserted only by 
the System Controller. Its assertion does not place de- 
vices into Remote Control mode; REN only enables a 
device to go remote when addressed to listen. When in 
Remote, a device should ignore its front panel controls. 


TRANSFER 
BUS 


NRFD-Not 
Ready For Data. This handshake line is 
asserted by a listener to indicate it is not yet ready for 
the next data or control byte. Note that the Controller 
will not see NRFD deasserted (i.e., ready for data) until 
all devices have deasserted NRFD. 


NDAG--Not Data Accepted. This handshake line is as- 
serted by a Listener to indicate it has not yet accepted 
the data or control byte on the DIO lines. Note that the 
Controller will not see NDAC deasserted (i.e., data ac- 
cepted) until all devices have deasserted NDAC. 


DAV-Data Valid. This handshake line is asserted by 
the Talker to indicate that a data or control byte has 
been placed on the DIO lines and has had the minimum 
specified settling time. 
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Figure 3. GPIB Handshake 
Sequence 


GPIB Interface 
Functions 


There are ten (10) interface functions specified by the 
IEEE 488 standard. Not all devices will have all func- 
tions and some may only have partial subsets, The ten 
functions are summarized below with the relevant sec- 
tion number from the IEEE document given at the be- 
ginning of each paragraph. 
For further information 
please see the IEEE standard. 
1) SH-Source 
Handshake (section 2.3). This func- 
tion provides a device with the ability to properly 
transfer data from a Talker to one or more Listen- 
ers using the three handshake lines. 
2) AH-Acceptor 
Handshake (section 2.4). This func- 
tion provides a device with the ability to properly 
receive data from the Talker using the three hand- 
shake lines. The AH function may also delay the 
beginning (NRFD) or end (NDAC) of any transfer. 


3) 
T-Talker 
(section 2.5). This function allows a de- 


vice to send status and data bytes when addressed 
to talk. An address consists of one (Primary) or two 
(Primary a~d Secondary) bytes. The latter is called 
an extended Talker. 
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8) DC-Device Clear (section 2.10). This function al- 


lows a device to be cleared (initialized) by the Con- 
troller. Note that there is a difference between DC 
(device clear) and the IFC line (interface 
clear). 


9) DT-Device 
Trigger (section 2.11). This function 
allows a device to have its basic operation started 
either individually or as part of a group. This capa- 
bility is often used to synchronize several instru- 
ments. 
10) C-Controller 
(section 2.12). This function allows 
a device to send addresses, as well as universal and 
addressed commands to other devices. There may 
be more than one controller on a system, but only 
one may be the controller-in-charge 
at anyone 
time. 


At power-on time the controller that is hard wired to be 
the System Controller becomes the active controller-in- 
charge. The System Controller has several unique capa- 
bilities including the ability to send Interface Clear 
(IFC--clears 
all device interfaces and returns control 
to the System Controller) and to send Remote Enable 
(REN~allows 
devices to respond to bus data once they 
are addressed to listen). The System Controller may 
optionally Pass Control to another controller, if the sys- 
tem software has the capability to do so. 


GPIB Connector 


The GPIB connector is a standard 24-pin industrial 
connector such as Cinch or Amphenol series 57 Micro- 
Ribbon. The IEEE standard specifies this connector, as 
well as the signal connections and the mounting hard- 
ware. 


The cable has 16 signal lines and 8 ground lines. The 
maximum length is 20 meters with no more than two 
meters per device. 


--~- 
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Figure 4. GPIB Connector 


GPIB Signal Levels 


The GPIB signals are all TTL compatible, low true 
signals. A signal is asserted (true) when its electrical 
voltage is less than 0.5 volts and is deasserted (false) 
when it is greater than 2.4 volts. Be careful not to be- 
come confused with the two handshake signals, NRFD 
and NDAC which are also low true (i.e. > 0.5 volts 
implies the device is Not Ready For Data). 


The Intel 8293 GPIB transceiver chips ensure that all 
relevant bus driver/receiver specifications are met. De- 
tailed bus electrical specifications may be found in Sec- 
tion 3 of the IEEE Std 488-1978. The Standard is the 
ultimate reference for all GPIB questions. 


GPIB Message Protocols 


The GPIB is a very flexible communications medium 
and as such has many possible variations of protocols. 
To bring some order to the situation, this section will 
discuss a protocol similar to the one used by Ziatech's 
ZT80 GPIB controller for Intel's MULTIBUSTM com- 
puters. The ZT80 is a complete high-level interface 
processor that executes a set of high level instructions 
that map directly into GPIB actions. The sequences of 
commands, addresses and data for these instructions 
provide a good example of how to use the GPIB (addi- 
tional information is available in the ZT80 Instruction 
Manual). The 'null' at the end of each instruction is for 
cosmetic use to remove previous information from the 
DIO lines. 
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DATA-Transfer 
a block of data from device A to de- 
vices B, C ... 
I) Device A Primary (Talk) Address 
Device A Secondary Address (if any) 
2) Universal Unlisten 
3) Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
Device C Primary (Listen) Address 
etc. 
4) First Data Byte 
Second Data Byte 


Last Data Byte (EOI) 
5) Null 


TRIGR-Trigger 
devices A, B ... 
to take action 
I) Universal Unlisten 
2) Device A Primary (Listen) Address 
Device A Secondary Address (if any) 
Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
etc. 


3) Group Execute Trigger 
4) Null 


PSCT~Pass 
control to device A 
I) Device A Primary (Talk) Address 
Device A Secondary Address (if any) 
2) Talk Control 
3) Null 


CLEAR-Clear 
all devices 
I) Device Clear 
2) Null 


REMA~Remote 
Enable 
I) Assert REN continuously 


GOREM-Put 
devices A, B, ... 
into Remote 
I) Assert REN continuously 
2) Device A Primary (Listen) Address 
Device A Secondary Address (if any) 
Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
etc. 
3) Null 


GOLOC-Put 
devices A, B, ... 
into Local 
I) Device A Primary (Listen) Address 
Device A Secondary Address (if any) 
Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
etc. 


2) Go To Local 
3) Null 


LOCA~Reset 
all devices to Local 
I) Stop asserting REN 


LLKA~Prevent 
all devices from returning to Local 
I) Local Lock Out 
2) Null 


SPOL~onducts 
a serial poll of devices A, B, ... 


I) Serial Poll Enable 
2) Universal Unlisten 
3) ZT 80 Primary (Listen) Address 
ZT 80 Secondary Address 
4) Device Primary (Talk) Address 
Device Secondary Address (if any) 
5) Status byte from device 
6) Go to Step 4 until all devices on list have been polled 
7) Serial Poll Disable 
8) Null 


PPUA~Unconfigure 
and disable Parallel 
Poll re- • 
sponse from all devices 
I) Parallel Poll Unconfigure 
2) Null 


ENAPP-Enable Parallel Poll response in devices A, B, 


I) Universal Unlisten 
2) Device Primary (Listen) Address 
Device Secondary Address (if any) 
3) Parallel Poll Configure 
4) Parallel Poll Enable 
5) Go to Step 2 until all devices on list have been con- 
figured. 
6) Null 


DISPP-Disable Parallel Poll response from devices A, 
B, ... 
I) Universal Unlisten 
2) Device A Primary (Listen) Address 
Device A Secondary Address (if any) 
Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
etc. 
3) Disable Parallel Poll 
4) Null 


This Ap Note will detail how to implement a useful 
subset of these controller instructions. 


3-103 


inter 
AP-66 


HARDWARE 
ASPECTS 
OF THE 
SYSTEM 


8291 GPIS Talker/Listener 


The 8291 is a custom designed chip that implements 
many of the non-controller GPIB functions. It provides 
hooks so the user's software can implement additional 
features to complete the set. This chip is discussed in 
detail in its data sheet. The major features are summa- 
rized here: 
- 
Designed to interface microprocessors to the GPIB 
- 
Complete Source and Acceptor Handshake 
- 
Complete Talker and Listener Functions with ex- 
tended addressing 
- 
Service Request, Parallel Poll, Device Clear, Device 
Trigger, Remote/Local functions 
- 
Programmable data transfer rate 
- 
Maskable interrupts. 
' 


- 
On-chip primary and secondary address recognition 
- 
1- 8 MHz clock range 
- 
16 registers (8 read, 8 write) for CPU interface 
- 
DMA handshake provision 
- 
Trigger output pin 
- 
On-chip EOS (End of Sequence) 


\ 


The pinouts and block diagram are shown in Figure 5. 
One of eight read registers is for data transfer to the 
CPU; the other seven allow the microprocessor to mon- 
itor the GPIB states and various bus and device condi- 
tions. One of the eight write registers is for data transfer 


from the CPU; the other seven control various features 
of the 8291. 


The 8291 interface functions will be software config- 
ured in this application example to the following sub- 
sets for use with the 8292 as a controller that does not 
pass control. The 8291 is used only to provide the 
handshake logic and to send and receive data bytes. It 
is not acting as a normal device in this mode, as it never 
sees ATN asserted. 
SHI 
Source Handshake 
AH I Acceptor Handshake 
T3 
Basic Talk-Only 
LI 
Basic Listen-Only 
SRO No Service Requests 
RLO' No Remote/Local 
PPO 
No Parallel Poll Response 
DCO No Device Clear 
DTO No Device Trigger 


If control is passed to another controller, the 8291 must 
be reconfigured to act as a talker/listener 
with the fol- 
lowing subsets: 
SH I 
Source Handshake 
AHI 
Acceptor Handshake 
T5 
Basic Talker and Serial Poll 
L3 
Basic Listener 
SR I 
Service Requests 
RLl 
Remote/Local with Lockout 
PP2 
Reconfigured Parallel Poll 
DC I Device Clear 
DTl 
Device Trigger 
CO 
Not a Controller 


Pin Configuration 
Block Diagram 
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Figure 5. 8291 Pin Configuration 
and Block Diagram 
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Most applications do not pass control and the control- 
ler is always the system controller (see 8292 commands 
below). 


8292 GPIB Controller 


The 8292 is a preprogrammed Intel 8051A that pro- 
vides the additional functions necessary to implement a 
GPIB controller when used with an 8291 Talker/Lis- 
tener. The 804IA is documented in both a user's manu- 
al and in AP-41. The following description will serve 
only as an outline to guide the later discussion. 


The 8292 acts as an intelligent slave processor to the 
main system CPU. It contains a processor, memory, 
I/O and is programmed to perform a variety of tasks 
associated with GPIB controller operation. The on-chip 
RAM is used to store information about the state of the 
Controller function, as well as a variety of local vari- 
ables, the stack and certain user status information. 
The timer/counter 
may be optionally used for several 
time-out functions or for counting data bytes trans- 
ferred. The I/O ports provide the GPIB control signals, 
as well as the ancillary lines necessary to make the 
8291, 2, 3 work together. 


The 8292 is closely coupled to the main CPU through 
three on-chip registers that may be independently ac- 
cessed by both the master and the 8292 (UPI-4IA). 
Figure 6 shows this Register Interface. Also refer to 
Figure 12. 


The status register is used to pass Interrupt Status in- 
formation to the master CPU (AO = I on a read). 


The DBBOUT register is used to pass one of five other 
status words to the master based on the last command 
written into DBBIN. DBBOUT is accessed when AO 
= 0 on a Read. The five status words are Error Flag, 
Controller Status, GPIB Status, Event Counter Status 
or Time Out Status. 


DBBIN receives either commands (AO = I on a Write) 
or command related data (AO = 0 on a write) from the 
master. These command 
related data are Interrupt 
Mask, Error Mask, Event Counter or Time Out. 


8293 GPIB Transceivers 


The 8293 is a multi-use HMOS chip that implements 
the IEEE 488 bus transceivers and contains the addi- 
tional logic required to make the 8291 and 8292 work 
together. The two option strapping pins are used to 
internally configure the chip to perform the specialized 
gating required for use with 8291 as a device or with 
8291/92 as a controller. 


In this application example the two configurations used 
are shown in Figure 7a and 7b. The drivers are set to 
open collector or three state mode as required and the 
special logic is enabled as required in the two modes. 
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Figure 6. UPI-41A Registers 
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8. 8293 Mode 2 
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8291/2/3 
Chip Set 


Figure 8 shows the four chips interconnected with the 
special logic explicitly shown. 


The 8291acts only as the mechanism to put commands 
and addresses on the bus while the 8292 is asserting 
ATN. The 8291 is tricked into believingthat the ATN 
line is not asserted by the ATN2 output of the ATN 
transceiver and is placed in Talk-only mode' by the 
CPU. The 8291 then acts as though it is sending data, 
when in reality it is sending addresses and/or com- 
mands. When the 8292 deasserts ATN, the CPU soft- 
ware must place the 8291 in Talk-only, Listen-only or 
Idle based on the implicit knowledge of how the con- 
troller is going to participate in the data transfer. In 
other words, the 8291 does not respond directly to ad- 
dresses or commands that it sends on the bus on behalf 
of the Controller. The user software, through the use of 
Listen-only or Talk-only, makes the 8291 behave as 
though it were addressed. 


b. 8293 Mode 3 
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Although it is not a common occurrence, the GPIB 
specification allows the Controller to set up a data 
transfer between two devices and not directly partici- 
pate in the exchange. The controller must know when 
to go active again and regain control. The chip set ac- 
complishesthis through use of the "Continuous Accep- 
tor Handshake cycling mode" and the ability to detect 
EOI or EOS at the end of the transfer. SeeXFER in the 
Software Driver Outline below. 


If the 8292 is not the System Controller as determined 
by the signal on its SYC pin, then it must be able to 
respond to an IFC within 100 J.Lsec.This is accom- 
plished by the cross-coupled NORs in ~e 
7a which 
deassert the 8293's internal version of CIC (Not Con- 
troller-in-Charge). This condition is latched until the 
8292's firmware has received the IFCL (interface clear 
received latch) signal by testing the IFCL input. The 
firmware then sets its signals to reflect the inactive con- 
dition and clears the 8293's latch. 
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Figure 8. Talker/Listener/Controller 
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In order for the 8292 to conduct a Parallel Poll the 
8291 must be able to capture the PP response on the 
DIO lines. The only way to do this is to fool the 8291 
by putting it into Listen-only mode and generating a 
DAV condition. However, the bus spec does not allow 
a DA V during Parallel Poll, so the back-to-back 3-state 
buffers (see Figure 7b) in the 8293 isolate the bus and 
allow the 8292 to generate a local DA V for this pur- 
pose. Note that the 8291 cannot assert a Parallel Poll 
response. When the 8292 is not the controller-in-charge 
the 8291 may respond to PPs and the 8293 guarantees 
that the DIO drivers are in "open collector" mode 
through the OR gate (Figure 7b). 


ZT7488/18 
GPIB Controller 


Ziatech's GPIB Controller, the ZT7488/18 will be used 
as the controller hardware in this Application Note. 
The controller consists of an 8291, 8292, an 8 bit input 
port and TTL logic equivalent to that shown in Figure 8. 
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Figure 
9· shows 
the 
card's 
block 
diagram. 
The 
ZT7488/18 plugs into the STD bus, a 56 pin 8 bit mi- 
croprocessor oriented bus. An 8085 CPU card is also 
available on the STD bus and will be used to execute 
the driver software. 


The 8291 uses I/O Ports 60H to 67H and the 8292 uses 
I/O Ports 68H and 69H. The five interrupt lines are 
connected to a three-state buffer at I/O Port 6FH to 
facilitate polling operation. This is required for the 
TCI, as it cannot be read internally in the 8292. The 
other three 8229 lines (SPI, IBF, OBF) and the 8291's 
INT line are also connected to minimize the number of 
I/O reads necessary to poll the devices. 


NDAC is connected to COUNT on the 8292 to allow 
byte counting on data transfers. The example driver 
software will not use this feature, as the software is 
simpler and faster if an internal 8085 register is used for 
counting in software. 
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READ FROM 8292 
PORT # 
WRITE 
TO 8292 
INTERRUPT 
STATUS 
COMMAND 
FIELD 


I SYC 
IERRI 
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IIFCR 
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69H 
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1 
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I 
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D7 
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ERROR 
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MASK 
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X 
IUSERI 
X I 
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ITOUT3I TOUT2I TOUT1I 
68H 
11 
ISP11 
TCI 
ISYCIOBFII 
IBFI 
I 
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I SRQ 
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D7 
Do 


The application example will not use OMA or inter- 
rupts; however, the Figure 11 block diagram includes 
these features for completeness. 


The 8257-5 OMA chip can be used to transfer data 
between the RAM and the 8291 Talker/Listener. 
This 
mode allows a faster data rate on the GPIB and typical- 
ly will depend on the 8291's EOS or EOI detection to 
terminate the transfer. The 8259-5 interrupt controller 
is used to vector the five possible interrupts for rapid 
software handling of the various conditions. 


8292 COMMAND 
DESCRIPTION 


This section discusses each command in detail and re- 
lates them to a particular GPIB activity. Recall that 
although the 8041A has only two read registers and one 
write register, through the magic of on-chip firmware 
the 8292 appears to have six read registers and five 
write registers. These are listed in Figure 12. Please see 
the 8292 data sheet for detailed definitions of each reg- 
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GPIB (BUS) STATUS' 
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EVENT COUNTER 
STATUS' 


D 
DIDIDIDIDID 
D 


ister. Note the two letter mnemonics to be used in later 
discussions. The CPU must not write into the 8292 
while IBF (Input Buffer Full) is a one, as information 
will be lost. 


Direct Commands 


Both the Interrupt 
Mask (IM) and the Error Mask 
(EM) register may be directly written with the LSB of 
the address bus (AO)a "0". The firmware uses the MSB 
of the data written to differentiate between IM and EM. 


LOAD 
INTERRUPT 
MASK 


This command loads the Interrupt Mask with 07 - DO. 
Note that 07 must be a "I" 
and that interrupts are 
enabled by a corresponding "I" bit in this register. IFC 
interrupt 
cannot be masked off; however, when the 
8292 is the System Controller, sending an ABORT 
command will not cause an IFC interrupt. 


ERROR 
MASK 


68H 
101 
0 
IUSERI 
0 
I 
0 
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• Note: These registers 
are accessed 
by a special 
utility command. 


Figure 12.8292 Registers 
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This command loads the Error Mask with D7- DO. 
Note that D7 must be a zero and that interrupts are 
enabled by a corresponding "I" bitin this register. 


Utility Commands 


These commands are used to read or write the 8292 
registers that are not directly accessible. All utility 
commands are written with AO = I, D7 = D6 = D5 
= 1, D4 = O.D3-DO specify the particular command. 
For writing into registers the general sequence is: 
I) wait for IBF = 0 in Interrupt Status Register 
2) write the appropriate command to the 8292, 
3) write the desired register value to the 8292 with AO 
= 1 with no other writes intervening, 
4) wait for indication of completion from 8292 (IBF = 
0). 
, 


For reading a register the general sequence is: 
1) wait for IBF = 0 in Interrupt Status Register 
2) write the appropriate command to the 8292 
3) wait for a TCI (Task Complete Interrupt) 
4) Read the value of the accessed register from the 8292 
with AO = O. 


WEVC-Write to Event Counter 
(Command = OE2H) 


The byte written following this command will be load- 
ed into the event counter register and event counter 
status for byte counting. The internal counter is incre- 
mented on a high to low transition of the COUNT (TI) 
input. In this application example NDAC is connected 
to 'count. The counter is an 8 bit register and therefore 
can count up to 256 bytes (writing 0 to the EC implies a 
count of 256). If longer blocks are desired, the main 
CPU must handle the interrupts every 256 counts and 
carefully observe the timing constraints. 


Because the counter has a frequency range from 0 to 
133 kHz when using a 6 MHz crystal, this feature may 
not be usable with all devices on the GPIB. The 8291 
can easily transfer data at rates up to 250 kHz and even 
faster with some tuning of the system. There is also a 
500 ns minimum high time requirement for COUNT 
which can potentially be violated by the 8291 in contin- 
uous acceptor handshake 
mode (i.e., TNDDVI 
+ 
TDVND2 
- 
C = 350 + 350 = 700 max). When 
cable delays are taken into consideration, this problem 
will probably never occur. 


When the 8292 has completed the command, IBF will 
become a "0" and will cause an interrupt if masked on. 


WTOUT-Write to Time Out Register 
(Command = OEIH) 


The byte written following this command will be used 
to determine the number of increments used for the 
time out functions. Because the register is 8 bits, the 
maximum time out is 256 time increments. This is 
probably enough for most instruments on the GPIB but 
is not enough for a manually stepped operation using a 
GPIB logic analyzer like Ziatech's ZT488. Also, the 
488 Standard does not set a lower limit on how long a 
device may take to do each action. Therefore, any use 
of a time out must be able to be overridden (this is a 
good general design rule for service and debugging con- 
siderations). 


The time out function is implemented in the 8292's 
firmware and will not be an accurate time. The counter 
counts backwards to zero from its initial value. The 3 
function may be enabled/disabled by a bit in the Error 
mask register. When the command is complete IBF will 
be set to a "0" and will cause an interrupt if masked on. 


RE VC-Read Event Counter Status 
(Command = OE3H) 


This command 
transfers 
the content 
of the Event 
Counter to the DBBOUT register. The firmware then 
sets TCI = 1 and will cause an interrupt if masked on. 
The CPU may then read the value from the 8292 with 
AO = O. 


RINM-Read 
Interrupt Mask Register 
(Command = OE5H) 


This command transfers the content of the Interrupt 
Mask register to the DBBOUT register. The firmware 
sets TCI = 1 and will cause an interrupt if masked on. 
The CPU may then read the value. 


RERM-Read 
Error Mask Register 
(Command = OEAH) 


This command transfers the content of the Error Mask 
register to the DBBOUT register. The firmware sets 
TCI = 1 and will cause an interrupt if masked on. The 
CPU may then read the value. 


RCST-Read 
Controller Status Register 
(Command = OE6H) 
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This command transfers the content of the Controller 
Status register to the DBBOUT register. The firmware 
sets TCI = I and will cause an interrupt if masked on. 
The CPU may then read the value. 


RTOUT-Read Time Out Status Register 
(Command = OE9H) 


This command transfers the content of the Time Out 
Status register to the DBBOUT register. The firmware 
sets TCI = I and will cause an interrupt if masked on. 
The CPU may then read the value. 


If this register is read while a time-out function is in 
process, the value will be the time remaining before 
time-out occurs. If it is read after a time-out, it will be 
zero. If it is read when no time-out is in process, it will 
be the last value reached when the previous timing oc- 
curred. 


RBST-Read 
Bus Status Register 
(Command = OE7H) 


This command causes the firrnware to read the GPIB 
management lines, DAV and the SYC pin and place a 
copy in DBBOUT. TCI is set to "I" and will cause an 
interrupt if masked on. The CPU may read the value. 


RERF-Read Error Flag Register 
(Command = OE4H) 


This command transfers the content of the Error Flag 
register to the DBBOUT register. The firmware sets 
TCI = I and will cause an interrupt if masked on. The 
CPU may then read the value. 


This register is also placed in DBBOUT by an lACK 
command if ERR remains set. TCI is set to "I" in this 
case also. 


lACK-Interrupt 
Acknowledge 
(Command = Al A2 A3 A4 I A5 I 1) 


This command is used to acknowledge any combina- 
tions of the five SPI interrupts (AI-A5): 
SYC, ERR, 
SRQ, EV, and IFCR. Each bit AI-A5 
is an individual 
acknowledgement to the corresponding bit in the Inter- 
rupt Status Register. The command clears SPI but it 
will be set again if all of the pending interrupts were not 
acknowledged. 


If A2 (ERR) is "I", the Error Flag register is placed in 
DBBOUT and TCI is set. The CPU may then read the 
Error Flag without issuing an RERF command. 


Operation 
Commands 


The following diagram (Figure 13) is an attempt to 
show the interrelationships 
among the various 8292 


Operation Commands. It is not meant to replace the 
complete controller state diagram in the IEEE Stan- 
dard. 


RST-Reset (Command = OF2H) 


This command has the same effect as an external reset 
applied to the chip's pin #4. The 8292's actions are: 


1) All outputs go to their electrical high state. This 
means that SPI, TCI, OBFI, IBFI, CLTH will be 
TRUE and all other GPIB signals will be FALSE. 


2) The 8292's firmware will cause the above mentioned 
five signals to go FALSE after approximately 17.5 
I-I-s(at 6 MHz). 
3) These registers will be cleared: Interrupt Status, In- 
terrupt Mask, Error Mask, Time Out, Event Coun- 
ter, Error Flag. 


4) If the 8292 is the System Controller (SYC is TRUE), 
then IFC will be sent TRUE 
for approximately 
lOOI-I-sand the Controller function will end up in 
charge of the bus. If the 8292 is not the System Con- 
troller then it will end up in an Idle state. 
5) TCI will not be set. 
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Figure 13. 8292 Command 
Flowchart 


RSTI-Reset 
Interrupts (Command = OF3) 


This command clears all pending interrupts and error 
flags. The 8292 will stop waiting for actions to occur 
(e.g., waiting for ATN to go FALSE in a TCNTR com- 
mand or waiting for the proper handshake state in a 
TCSY command). TCI will not be set. 


ABORT-Abort all operations and Clear Interface 
(Command = OF9H) 


If the 8292 is not the System Controller this command 
acts like a NOP and flags a USER ERROR in the Er- 
ror Flag Register. No TCI will occur. 
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If the 8292 is the system Controller then IFC is set 
TRUE for approximately 100 JLsand the 8292 becomes 
the Controller-in-Charge and asserts ATN. TCI will be 
set, only if the 8292 was NOT the CIC. 


STCNI-Start Counter Interrupts 
(Command = OFEH) 


Enables the EY Counter Interrupt. TCI will not be set. 
Note that the counter must be enabled by a GSEC com- 
mand. 


SPCNI-Stop 
Counter Interrupts 
(Command = OFOH) 


The 8292 will not generate an EY interrupt when the 
counter reaches O. Note that the counter will continue 
counting. TCI will not be set. 


SREM-Set Interface to Remote Control 
(Command = OF8H) 


If the 8292 is the System Controller, it will set REN 
and TCI TRUE. Otherwise it only sets the User Error 
Flag. 


SLOC-Set Interface to Local Mode 
(Command = OF7H) 


If the 8292 is the System Controller, it will set REN 
FALSE and TCI TRUE. Otherwise, it only sets the 
User Error Flag. 


EXPP-Execute Parallel Poll 
(Command = OF5H) 


If not Controller-in-Charge, the 8292 will treat this as a 
NOP and does not set TCI. If it is the Controller-in- 
Charge then it sets IDY (EOI & ATN) TRUE and 
generates a local DAY pulse (that never reaches the 
GPIB because of gates in the 8293). If the 8291 is con- 
figured as a ·\istener, it will capture the Parallel Poll 
Response byte in its data register. TCI is not generated, 
the CPU must detect the BI (Byte In) from the 8291. 
The 8292 will be ready to accept another command 
before the BI occurs; therefore the 8291's BI serves as a 
task complete indication. 


GTSB-Go To Standby (Command = OF6H) 


If the 8292 is not the Controller-in-Charge, it will treat 
this command as a NOP and does not set TCI TRUE. 
Otherwise, it goes to Controller Standby State (CSBS), 


sets ATN FALSE and TCI TRUE. This command is 
used as part of the Send, Receive, Transfer and Serial 
Poll System commands (see next section) to allow the 
addressed talker to send data/status. 


If the data transfer does not start within the specified 
Time-Out, the 8292 sets TOUT2 TRUE in the Error 
Flag Register and sets SPI (if enabled). The controller 
continues waiting for a new command. The CPU must 
decide to wait longer or to regain control and take cor- 
rective action. 


GSEC-Go To Standby and Enable Counting 
(Command = OF4H) 


This command does the same things as GTSB but also 
initializes the event counter to the value previously 
stored in the Event Counter Register (default value is 
256) and enables the counter. One may wire the count 
input to NDAC 
to count bytes. When the counter 
reaches zero, it sets EY (and SPI if enabled) in Inter- 
rupt Status and will set EY every 25.6bytes thereafter. 
• 
Note that there is a potential loss of count information 
if the CPU does not respond to the EY/SPI before an- 
other 256 bytes have been transferred. TCI will be set 
at the end of the command. 


TCSY-Take Control Synchronously 
(Command = OFDH) 


If the 8292 is not in Standby, it treats this command as 
a NOP and does not set TCI. Otherwise, it waits for the 
proper handshake state and sets ATN TRUE. The 8292 
will set TOUT3 if the handshake never assumes the 
correct state and will remain in this command until the 
handshake is proper or a RSTI command is issued. If 
the 8292 successfully takes control, it sets TCI TRUE. 


This is the normal way to regain control at the end of a 
Send, Receive, Transfer or Serial Poll System Com- 
mand. If TCSY is not successful, then the controller 
must try TCAS (see warning below). 


TCAS-Take Control Asynchronously 
(Command = OFCH) 


If the 8292 is not in Standby, it treats this command as 
a NOP and does not set TCI. Otherwise, it arbitrarily 
sets ATN TRUE and ECI TRUE. Note that this action 
may cause devices on the bus to lose a data byte or 
cause them to interpret a data byte as a command byte. 
Both Actions can result in anomalous behavior. TCAS 
should be used only in emergencies. If TCAS fails, then 
the System Controller will have to issue an ABORT to 
clean things up. 
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If the 8292 is not the Controller in Charge and Active, 
then it treats this command as a NOP and does not set 
TCI. Otherwise, it sets ATN FALSE, becomes Not 
Controller in Charge, and sets TCI TRUE. This com- 
mand is used as part of the Pass Control System Com- 
mand. 


TCNTR-Take (Receive) Control 
(Command = OFAH) 


If the 8292 is not Idle, then it treats this command as a 
NOP and does not set TCI. Otherwise, it waits for the 
current Controller-in-Charge 
to set ATN FALSE. If 
this does not occur within the specified Time Out, the 
8292 sets TOUTl 
in the Error Flag Register and sets 
SPI (if enabled). It will not proceed until ATN goes 
false or it receives an RSTI command. Note that the 
Controller in Charge must previously have sent this 
controller (via the 8291's command pass through regis- 
ter) a Pass Control message. When ATN goes FALSE, 
the 8292 sets CIC, ATN and TCI TRUE and becomes 
Active. 


SOFTWARE 
DRIVER 
OUTLINE 


The set of system commands discussed below is shown 
in Figure 14.These commands are implemented in soft- 
ware routines executed by the main CPU. 


The following section assumes that the Controller is the 
System Controller and will not Pass Control. This is a 
valid assumption for 99+ % of all controllers. It also 
assumes that no DMA or Interrupts will be used. SYC 
(System Control Input) should not be changed after 
Power-on in any system-it 
adds unnecessary complex- 
ity to the CPU's software. 


In order to use polling with the 8292 one must enable 
TCI but not connect the pin to the CPU's interrupt pin. 
TCI must be readable by some means. In this applica- 
tion example it is connected to bit 1 port 6FH on the 
ZT7488/18. In addition, the other three 8292 interrupt 
lines and the 8291 interrupt are also on that port (SPI- 
Bit 2, IBFI-Bit 4, OBFI-Bit 3, 8291 INT-Bit 0). 


These drivers assume that only primary addresses will 
be used on the GPIB. To use secondary addresses, one 
must modify the test for valid talk!listen 
addresses 
(range macro) to include secondaries. 


INIT 
INITIALIZATION 


Talker/Listener 
SEND 
SEND DATA 
RECV 
RECEIVE DATA 
XFER 
TRANSFER 
DATA 


Controller 
TRIG 
GROUP EXECUTE TRIGGER 
DCLR 
DEVICE CLEAR 
SPOL 
SERIAL POLL 
PPEN 
PARALLEL 
POLL ENABLE 
PPDS 
PARALLEL 
POLL DISABLE 
PPUN 
PARALLEL 
POLL UNCONFIGURE 
PPOL 
PARALLEL 
POLL 
PCTL. 
PASS CONTROL 
RCTL 
RECEIVE CONTROL 
SRQD 
SERVICE 
REQUESTED 


System Controller 
REME 
REMOTE 
ENABLE 
LOCL 
LOCAL 
IFCL 
ABORT/INTERFACE 
CLEAR 


Figure 14. Software 
Drive Routines 
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8292-Comes 
up in Controller Active State when SYC 


is TRUE. The only initialization needed is to enable the 
TCI interrupt mask. This is done by writing OAOHto 
Port 68H. 


8291-Disable 
both the major and minor addresses be- 
cause the 8291 will never see the 8292's commands/ad- 
dresses (refer to earlier hardware discussion). This is 
done by writing 60H and OEOHto Port 66H. 


Set Address Mode to Talk-only by writing 80H to Port 
64H. 


Set internal counter to 3 MHz to match the clock input 
coming from the 8085 by writing 23H to Port 65H. 
High speed mode for the handshakes will not be used 
here even though the hardware uses three-state drivers. 


No interrupts will be enabled now. Each routine will 
enable the ones it needs for ease of polling operation. 
The INT bit may be read through Port 6FH. Clear 
both interrupt mask registers. 


Release the chip's initialization state by writing 0 to 
Port 65H. 


.< 


INIT : 
Enable-8292 
Enable 
TCI 
Enable-8291 
Disable 
major 
address 
Disable 
minor 
address 
ton 
Clock 
frequency 
All 
interrupts 
off 
Immediate 
execute 
pon 


;Set up 
In. pins 
for Port 
6FH 
;Task complete 
must 
be 
on 


;In controller 
usage, 
the 
8291 
;Is set to talk 
only 
and/or 
listen 
only 
;Talk only 
is our 
rest 
state 
;3 MHz 
in this 
ap note 
example 


;Releases 
8291 
from 
init. 
state 


Talker/Listener 
Routines 


SEND DATA 


SEND 
<listener 
list 
pointer> 
<count> 
<EOS> 
<data 
buffer 
pointer> 


This system command sends data from the CPU to one 
or more devices. The data is usually a string of ASCII 
characters, but may be binary or other forms as well. 
The data is device-specific. 


My Talk Address (MTA) must be output to satisfy the 
GPIB requirement of only one talker at a time (any 
other talker will stop when MTA goes out). The MTA 
is not needed as far as the 8291 is concerned-it 
will be 
put into talk-only mode (ton). 


This routine assumes a non-null listener list in that it 
always sends Univeral Unlisten. If it is desired to send 
data to the listeners previously addressed, one could 
add a check for a null list and not send UNL. Count 
must be 255 or less due to an 8 bit register. This routine 
also always uses an EOS character to terminate the 
string output; this could easily be eliminated and rely 
on the count. Items in brackets ( ) are optional and will 
not be included in the actual code in Appendix A. 
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SEND: 


Output-to-8291 
MTA, UNL 
Put EOS into 8291 
While 20H ~ 
listener 
~ 
3EH 
output-to-8291 
listener 
Increment listen list pointer 
Output-to-8292 
GTSB 
Enable-8291 
Output EOI on EOS sent 
If count < > 0 then 
While not 
(end or count 
0) 
(could check tout 2 here) 
Output-to-8291 
data 
Increment data buffer pointer 
Decrement 
count 
Output-to-8292 
TCSY 
(If tout3 then take control async) 
Enable 8291 
No output EOI on EOS sent 
Return 


;We will talk, nobody listen 
;End of string compare character 
;GPIB listen addresses are 
;"space" thru ">" 
ASCII 
;Address all listeners 
;8292 stops asserting ATN, go to standby 


;Send EOI along with EOS character 


;Wait for EOS or end of count 
;Optionally check for stuck bus-tout 2 
;Output all data, one byte at a time 
;8085 CREG will count for us 


;8292 asserts ATN, take control sync. 
;If unable to take control sync. 
;Restore 8291 to standard condition 


.:: 
40H 
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Figure 15. Flowchart 
for Receive 
Ending Conditions 
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CONTROLLER 
8291,8292 


LSTN, 


"r' 
CTLR 


DEVICE 


DEVICE 


LSTN 
TALK 
"K" 


DEVICE 


Figure 16. SENO to "1", "2", ">"; "ABCO"; EOS = "0" 


RECEIVE 
OATA 


RECV <talker> 
<count> 
<EOS> 
<data buffer pointer> 


This system command is used to input data from a 
device. The data is typically a string of ASCII charac- 
ters. 


TALK 
"a" 


TALK 
"R" 


TALK 
"11" 


231324-13 


totally regular to facilitate analysis by a GPIB logic 
analyzer like the Ziatech ZT488. Otherwise, the bus 
would appear to have no listener even though the 8291 
will be listening. 


This routine is the dual of SEND. It assumes a new 
talker will be specified, a count ofless than 257, and an 
EOS character to terminate the input. EOI received 
will also terminate the input. Figure 15 shows the flow 
chart for the RECV ending conditions. My Listen Ad- 
dress (MLA) is sent to keep the GPIB transactions 


Note that although the count may go to zero before the 
transmission ends, the talker will probably be left in a 
strange state and may have to be cleared by the control- 
ler. The count ending of RECV is therefore used as an 
error condition in most situations. 
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RECV: 


Put EOS into 8291 
If 40H ~ talker 
~ 
5EH then 
Output-to-8291 
talker 
Increment talker pointer 
Output-to-8291 
UNL, MLA 
Enable-8291 
Holdoff on end 
End on EOS received 
lon, reset ton 
Immediate execute pon 
Output-to-8292 
GTSB 
While not 
(end or count 
0 


(or tout2)) 
Input-from-8291 
data 
Increment data'buffer 
pointer 
Decrement 
count 
(If count 
= 0 then error) 
Output-to-8292 
TCSY 
(If Tout3 then take control async.) 
Enable-8291 
No holdoff on end 
No end on EOS received 
ton, reset lon 
Finish handshake 
Immediate execute pon 
Return error-indicator 


;End of string compare character 
;GPIB talk addresses are 
;"@" 
thru 
<r;» 
ASCII 
;Do this for consistency's 
sake 
;Everyone except us stop listening 


;Stop when EOS character is 
;Detected by 8291 
;Listen only (no talk) 


;8292 stops asserting ATN, go to standby 
;wait for EOS or EOI or end of count 
;optionally check for stuck bus-tout2 
;input ~ata, one byte at a time 


;Use 8085 C register as counter 
;Count should not occur before end 
;8292 asserts ATN take control 
;If unable to take control sync. 
;Put 8291 back as needed for 
;Controller activity and 
;Clear holdoff due to end 


;Complete holdoff due to end, if any 
;Needed to reset lon 


CONTROLLER 


12S1,1212 


~ 


CTUI 
TALK 
",." 


'" 


DEVICE 


LaTH 
TALK 


"1" 
"Q" 


DEVICE 


LSTN 
IT) 
"2" 


" 


DEVICE 


LSTH 
TALK 
-." 
"I(" 


DEVICE 


LSTH 
TALK 
r»: 
"N 
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Figure 17" RECV from "R"; EOS = ODH 
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CONTROLLER 
...,..... 


UTH 
CT1.R 
TAU< 


'T' 


"." 


•. 
DEVICE 


'" t;J 
TAU< 


"Q" 


, 
•. 
DEVICE 


'" 
~~ 
TAU< 


"R" 


DEVICE 
.. ~ 


TAU< 
"IC" 


DEVICE 


LSTM 
IX] 
"?>" 
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Figure 18"XFER from "/\" 
to "1", "2", "+"; 
EOS = ODH 


Ap·66 


TRANSFER 
DATA 


XFER<Talker> 
<Listener list> 
<EOS> 


This system command is used to transfer data from a 
talker to one or more listeners where the controller 
does not participate in the transfer of the ASCII data. 


This is accomplished through the use of the 8291's con- 
tinuous acceptor handshake mode while in listen-only. 


This routine assumes a device list that has the ASCII 
talker address as the first byte and the string (one or 
more) or ASCII listener addresses following. T1!eEOS 
character or an EOI will cause the controller to take 
take control synchronously and thereby terminate the 
transfer. 


XFER: 
Output-to-8291: 
Talker, UNL 
While 20H ~ 
listen 
~ 
3EH 
Output-to-8291: 
Listener 
Increment 
listen list pointer 
Enable-8291 
Ion, no ton 
Continuous 
AH mode 
End on EOS received 
Immediate 
execute PON 
Put EOS into 8291 
Output-to-8292: 
GTSB 


Upon end 
(or tout2) then 
Take control synchronously 
Enable-8291 
Finish handshake 
Not continuous AH mode 
Not END on EOS received 
ton 
Immediate 
execute pon 
Return 


;Send talk address and unlisten 


;Send listen address 


;Controller is pseudo 
listener 
;Handshake but don't capture data 
;Capture EOS as well as EOI 
;Initialize the 8291 
;Set up EOS character 
;Go to standby 
;8292 waits 
for EOS or EOI and then 


;Regains control 
;Go to Ready 
for Data 


Controller 


GROUP 
EXECUTE 
TRIGGER 


TRIG <Listener list> 


This system command causes a group execute trigger 
(GET) to be sent to all devices on the listener list. The 
intended use is to synchronize a number of instruments. 


TRIG: 


Output-to-8291 
UNL 
While 20H ~ 
listener 
~ 
3EH 
Output-to-8291 
Listener 
Increment 
listen list pointer 
Output-to-8291 
GET 
Return 


;Everybody stop listening 
;Check for valid 
listen address 
;Address each listener 
;Terminate on any non-valid 
character 
;Issue group execute trigger 
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DEVICE 


lSTN 


231324-16 


Figure 
19. TRIG "1", "+" 


DEVICE 
CLEAR 


DCLR < Listener list> 


This system command causes a device clear (SDC) to 
be sent to all devices on the listener list. Note that this 


TALK 


"A" 


TALK 


"K" 


TALK 
""" 


LSTN 


DEVICE 


LSTN 
">" 


TALK 


"K" 


DEVICE 


TALK 


"1\" 
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Figure 
20. DCLR "1", 
"2" 


is not intended to clear the GPIB interface of the de" 
vice, but should clear the device-specific logic. 


;Everybody 
stop 
listening 
;Check 
for 
valid 
listen 
address 
;Address 
each 
listener 
;Terminate 
on any 
non-valid 
character 
;Selective 
device 
clear 


DCLR: 
Output-to-829l 
UNL 
While 
20H 
~ 
listener 
~ 
3EH 
Output-to-829l 
Listener 
Increment 
listen 
list 
pointer 
Output-to-829l 
SDC 
Return 


r 


SERIAL 
POLL 


SPOL<Talker 
list> 
<status buffer pointer> 


This system command sequentially addresses the desig- 
nated devices and receives one byte of status from each. 
The bytes are stored in the buffer in the same order as 
the devices appear on the talker list. MLA is output for 
completeness. 
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SPOL: 
Output-to-8291 
UNL, MLA, SPE 


While 40H ~ talker 
~ 5 EH 
Output-to-8291 
talker 
Increment talker list pointer 
Enable-8291 
lon, reset ton 
Immediate execute pon 
Output-to-8292 
GTSB 
Wait for data in (BI) 
Output-to-8292 
TCSY 
Input-from-8291 
data 
Increment buffer pointer 
Enable 8291 
ton, reset lon 
Immediate execute pon 
Output-to-8291 
SPD 


Return 


;Unlisten, we listen, serial poll enable 
;Only one byte of serial poll 
;Status wanted 
from each talker 
;Check for valid transfer 
;Address each device to talk 
;One at a time 


;Listen only to get status 
;This resets ton 
;Go to standby 
;Serial poll status byte into 8291 
;Take control synchronously 
;Actually get data from 8291 


;Reset lon 
;Send serial poll disable after all 
devices polled 
r 


CONTROLLER 


121',1212 


LSTH.,. 


TALK.•.. 


LSTN 


"2" 


LSTH 


LSTH 
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PARALLEL 
POLL ENABLE 


Figure 21. SPOL "Q", "R", "K", "/\" 


PPEN<Listener 
list> 
<Configuration Buffer pointer> 


CONTROLLER 


8291,8292 


DEVICE 


DEVICE 


DEVICE 
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TALK 
·0' 


TALK 
..... 


TALK 


-K- 


TALK 


-N 
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This system command configures one or more devices to respond to Parallel Poll. assuming they implement subset 
PP!. 
The configuration 
information 
is stored in a buffer with one byte per device in the same order as 


lSTN 


-e- 


TALK 
.•.. 


LSTN 
-,. 


LSTH 


lSTN 


Figure 22. PPEN "2"; IP3P2P1 = 0111B 
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devices appear on the listener list. The configuration byte has the format XXXXIP3P2PI 
as defined by the IEEE 
Std. P3P2PI indicates the bit # to be used for a response and I indicates the assertion value. See Sec. 2.9.3.3 of the 
Std. for more details. 


PPEN: 
Output-to-8291 
UNL 
While 20H 
~ Listener 
~ 
3EH 
Output-to-8291 
listener 
Output-to-8291 
PPC, 
(PPE or data) 
Increment 
listener 
list pointer 
Increment buffer pointer 
Return 


;Universal unlisten 
;Check for valid listener 
;Stop old listener, 
address new 
;Send parallel 
poll info 
;Point to next listener 
;One configuration 
byte per listener 


. 


PARALLEL 
POLL DISABLE 


.. 


PPDS<listener 
list> 


This system command disables one or more devices from responding to a Parallel Poll by issuing a Parallel Poll 
Disable (PPD). It does not deconfigure the devices. 


PPDS: 
Output-to-8291 
UNL 
While 20H ~ Listener 
~ 
3EH 
Output-to-8291 
listener 
Increment 
listener 
list pointer 
Output-to-8291 
PPC, PPD 
Return 


;Universal Unlisten 
;Check for valid listener 
;Address listener 


;Disable pp on all listeners 


CONTROLLER 


8291,8292 


LSTH 
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TALK 


"A" 


DEVICE 


LSTH 
TALK 
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Figure 23. PPDS "1", "+", ">" 
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•. 
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Figure 24. PPUN 
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PARALLEL 
POLL UNCONFIGURE 


PPUN 


This system command deconfigures the Parallel Poll response of all devices by issuing a Parallel Poll Unconfigure 
message. 


PPUN: 
Output-to-829l 
PPU 
Return 
:Unconfigure 
all 
parallel 
poll 


CONDUCT 
A PARALLEL 
POLL 


PPOL 


This system command causes the controller to conduct 
a Parallel Poll on the GPIB for approximately 
12.5 
usec (at 6 MHz). Note that a parallel poll does not use 
the handshake; therefore, to ensure that the device 
knows whether or not its positive response was ob- 


served by the controller, the CPU should explicitly ac- 
knowledge each device by a device-dependent 
data 
string. Otherwise, the response bit will still be set when 
the next Parallel Poll occurs. This ·command returns 
one byte of status. 


PPOL: 
Enable-829l 
Ion 
Immediate 
execute 
pon 
Output-to-8292 
EXPP 
Upon 
BI 
Input-from-829l 
data 
Enable-829l 
ton 
Immediate 
execute 
pon 
Return 
Data 
(status 
byte) 


:Listen 
only 
:This 
resets 
ton 
:Execute 
parallel 
poll 
:When byte 
is 
input 
:Read 
it 


:Talk 
only 
:This resets 
Ion 


PASS CONTROL 


PCTL <talker> 


This system command allows the controller to relin- 
quish active control of the GPIB to another controller. 
Normally some software protocol should already have 
informed the controller to expect this, and under what 
conditions to return control. The 8291 must be set up 


to become a normal device and the CPU must handle 
all commands passed through, otherwise 'control can- 
not be returned (see Receive Control below). The con- 
troller will go idle. 


PCl'L: 
If 40H 
stalker 
s 
5EH 
then 
if talker 
< > MTA 
then 
output-to-829l 
talker, 
TCT 
Enable-829l 
not 
ton, 
not 
Ion 
Immediate 
execute 
pon 
My 
device 
address, 
mode 
1 
Undefined 
command 
pass 
through 
(Parallel 
Poll 
Configuration) 
Output-to-8292 
GIDL 
Return 


:Cannot 
pass 
control 
to myself 
:Take 
control 
message 
to 
talker 
:Set up 
8291 
as normal 
device 


:Reset 
ton 
and 
Ion 
:Put device 
number 
in Register 
6 
:Required 
to 
receive 
control 
;Optional 
use 
of PP 
:Put controller 
in idle 
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Figure 25, PPOL 


RECEIVE 
CONTROL 


RCTL 


This system command is used to get control back from 
the current controller-in-charge if it has passed control 
to this inactive controller. Most GPIB systems do not 
use more than one controller and therefore would not 
need this routine. 


To make passing and receiving control a manageable 
event, the system designer should specify a protocol 


I 
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Figure 26. PCTL "Cn 


whereby the controller-in-charge sends a data message 
to the soon-to-be-active controller. This message should 
give the current state of the system, why control is be- 
ing passed, what to do, and when to pass control back. 
Most of these issues are beyond the scope of this Ap 
Note. 
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RCTL: 
Upon CPT 
If (command=TCT) then 
If TA then 
Enable-8291 
Disable major. device number 
ton 
Mask off interrupts 
Immediate 
execute pon 
Output-to-8292 
TCNTR 
Enable-8291 
Valid 
command 
Return valid 
Else 
Enable-8291 
Invalid command 
Else 
Enable-8291 
Invalid 
command 
Return 
invalid 


;Wait for command pass through 
bit in 8291 
;If command 
is take control and 
;We are talker addressed 


;Controller will use ton and Ion 
;Talk only mode 


;Take (receive) control 


;Release handshake 


;Not talker addr. so TCT not for us 


;Not TCT, so we don't care 


oo,••o"'.~ 
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Figure 27. RCTL 
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SERVICE 
REQUEST 


SRQD 


This system command is used to detect the occurrence of a Service Request on the GPIB. One or more devices may 
assert SRQ simultaneously, and the CPU would normally conduct a Serial Poll after calling this routine to determine 
which devices are SRQing. 


SRQD: 
If SRQ then 
Output-to-8292 
IACK.SRQ 
Return SRQ 
Else return no SRQ 


;Test 92 status bit 
;Acknowledge it 


r 
• 


System Controller 


REMOTE 
ENABLE 


REME 


This system command asserts the Remote Enable line (REN) on the GPIB. The devices will not go remote until they 
are later addressed to listen by some other system command. 


REME: 
Output-to-8292 
SREM 
Return 
;8292 asserts remote enable line 


LOCAL 


LOCL 


This system command deasserts the REN line on the GPIB. The devices will go local immediately. 


LOCL: 
Output-to-8292 
SLOC 
Return 
;8292 stops asserting 
remote enable 
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Figure 
29. LOCL 


INTERFACE 
CLEAR/ABORT 


IFCL 


This system command asserts the GPIB's 
Interface 
Clear (IFC) line for at least 100 microseconds. This 
causes all interface logic in all devices to go to a known 
state. Note that the device itself mayor 
may not be 
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Figure 
30. IFCL 


reset, too. Most instruments do totally reset upon IFC. 
Some devices may require a DCLR as well as an IFCL 
to be completely reset. The (system) controller becomes 
Controller-in-Charge. 


IFCL: 
Output-to-8292 
ABORT 
Return 


I~ 
I 


;8292 asserts 
Interface 
Clear 
;For 100 microseconds 


INTERRUPTS 
AND DMA 
CONSIDERATIONS 


The previous sections have discussed in detail how to 
use the 8291, 8292, 8293 chip set as a GPIB controller 
with the software operating in a polling mode and using 
programmed transfer of the data. This is the simplest 
mode of use, but it ties up the microprocessor for the 
duration of a GPIB transaction. If system design con- 
straints do not allow this, then either Interrupts and/or 
DMA may be used to free up processor cycles. 


The 8291 and 8292 provide sufficient interrupts that 
one may return to do other work while waiting for such 
things as 8292 Task Completion, 8291 Next Byte In, 
8291 Last Byte Out, 8292 Service Request In, etc. The 
only difficulty lies in integrating these various interrupt 
sources and their matching routines into the overall 
system's interrupt structure. This is highly situation- 
specific and is beyond the scope of this Ap Note. 


The strategy to follow is to replace each of the WAIT 
routines (see Appendix A) with a return to the main 
code and provide for the corresponding interrupt 
to 


bring the control back to the next section of GPIB 
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MAIN CODE 


USER: 


INTERRUPTCODE 
GPIB SUBROUTINE 


SEND: 
-- 
ACTIVATE 
__ 


SEND•• 
(WAIT 0) 
== 
INT: 
_ 


~ 
G~07 


(WAIT 0) 
-- 
INT:__ 
__------~~ 
___ 
GPIBB07- 
- 
..•.• 
I------===----~.....:.:...-~ 
(WAIT 0) 


____ 
IN: 
PIB 
B07- 
..• 


•• 
(WAIT T) 
=:" 
INT:GPIB BO~ 
==.. 
GPIB TCI7 


ETC. 
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Figure 31. GPIB Interrupt and Co-Routine Flow of Control 


code. For example WAITO (Wait for Byte Out of 
8291) would be replaced by having the BO interrupt 
enabled and storing the (return) address of the next 
instruction in a known place. This eo-routine structure 
will then be activated by a BO interrupt. Figure 31 
shows an example of the flow of control. 


DMA is also useful in relieving the processor if the 
average length of a data buffer is long enough to over- 
come the extra time used to set up a DMA chip. This 
decision will also be a function of a data rate of the 
instrument. The best strategy is to use the DMA to 
handle only the data buffer transfers on SEND and 
RECV and to do all the addressing and control just as 
shown in the driver descriptions. 
' 


Another major reason for using a DMA chip is to in- 
crease the data rate and therefore increase the overall 
transaction rate. In this case the limiting factor be- 
comes the time used to do the addressing and control of 
the GPIB using software like that in Appendix A. The 
data transmission time becomes insignificant at DMA 
speeds unless extremely long buffers are used. 


Refer to Figure 11 for a typical DMA and interrupt 
based design using the 8291, 8292, 8293. A system like 
this can achieve a 250K byte transfer rate while under 
DMA control. 


APPLICATION 
EXAMPLE 


This section will present the code required to operate a 
typical GPIB instrument set up as shown in Figure 32. 
The HP5328A universal counter and the HP3325 func- 
tion generator are typical of many GPIB devices;how- 
ever, there are a wide variety of software protocols to 


be found on the GPIB. The Ziatech ZT488 GPIB ana- 
lyzer is used to single step the bus to facilitate debug- 
ging the system. It also serves as a training/familiariza- 
tion aid for newcomers to the bus. 


This example will set up the function generator to out- 
put a specific waveform, frequency and amplitude. It 
will then tell the counter to measure the frequency and 
Request Service (SRQ) when complete. The program 
will then read in the data. The assembled source code 
will be found at the end of Appendix A. 
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Figure 32. GPIB Example Configuration 
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SEND 
LSTN: 
"2", COUNT: 
15, EOS: 
ODH, DATA: 
"FU1FR37KHAM2VO 
(CR)" 
;SETS UP FUNCTION 
GEN. TO 37 KHZ SINE,'2 
VOLTS 
PP 


.;COUNT EQUAL 
TO # CHAR IN BUFFER 
;EOS CHARACTER 
IS (CR) = ODH = CARRIAGE' 


SEND 
LSTN: 
"1", COUNT: 
6, EOS: 
"T" DATA: 
"PR4G7T" 
;SETS UP COUNTER 
FORP:INITIALIZE, 
F4: FREQ 
CHAN A 
G7:0.1 
HZ RESOLUTION, 
T:TRIGGER 
AND 
SRQ 
;COUNT IS EQUAL 
TO # CHAR 


WAIT 
FOR SRQ 
SPOL TALK: 
"Q", DATA: 
STATUS 
1 
;CLEARS THE SRO_IN 
THIS EXAMPLE 
ONLY FREQ 
CTR ASSERTS 
SRQ 


RECV 
TALK: 
"Q", COUNT: 
17, EOS: 
OAH, 
DATA:"+ 
37000.0E+0" 
(CR) (LF) 
;GETS 17 BYTES 
OF DATA FROM 
COUNTER 
;COUNT IS EXACT 
BUFFER 
LENGTH 
;DATA SHOWN 
IS TPYICAL 
HP5328A 
READING 
THAT WOULD 
BE RECEIVED 


CONCLUSION 
The ultimate reference for GPIB questions is the IEEE 
Std 488 -1978 which is available from IEEE, 345 East 
47th St., New York, NY, 10017. The ultimate reference 
for the 8292 is the source listing for it (remember it's a 
pre-programmed UPI-41A) which is available from IN- 
SITE, Intel Corp., 3065 Bowers Ave., Santa Clara, CA 
95051. 
. 


This Application Note has shown a structured way to 
view the IEEE 488 bus and has given typical code se- 
quences to make the Intel 8291, 8292, and 8293's be- 
have as a controller of the GPIB. There are other ways 
to use the chip set, but whatever solution is chosen, it 
must be integrated into the overall system software. 
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APPENDIX 
A 


toe 
DBJ 


ISIS-II 
8080/8A85 
MACHOASSEMBLER, 
V3.A 
G PI R 
CONT~OLLER 
SUBROU'fINES 


lU0 


09fi8 


0063 
0060 


0961 
0061 
0.~2 
0001 
0010 
0080 


0062 


0064 
0080 
0040 
00C0 
9001 


00fi4 
0020 
0002 
0001 


0965 
0023 


LINE 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
192. 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3. 
31 
32 
33 
34 
35 
3fi 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


SOURCE 
ST"TEMEN'f 


STI'rLE 
('GPIR 
CON'fROLLER SU8ROU'rINES') 


GPIR 
CONTROLLER SUBROUTINES 


for 
tntel 
8291, 
82.92 
on 
ZT 748~/lR 
Bert 
Forbes, 
Ziatech 
Corporation 
24HJ Broad 
Street 
San 
Luis 
ob t spc , 
CA, 
USA 
934(Jl 


ORG 


General 
Definitions 
& 
Equates 
8291 
Control 
Values 


; 
Po r 
ZT7488/18 
w/8085 
; 
PRT91 
EOU 


1.0aR 


fiAR 
;8291 
Base Port 


; 
INTl 
IN'fMl 
BO~ 
8I~ 
ENOO1K 
CPT 


Req 
t 
1 
EOU 
EOU 
EQU 
EQU 
EQU 
EOU 


; 
Reg 
.9 
Data 
in 
& 
Data 
out 
DIN 
sou 
PRT91+0 
; 91 
Data 
in 
r eq 
OQUT 
EQU 
PRT91+0 
; 91 
Data 
out 
r eq 


Interrupt 
1 Constants 
PRT91+1 
ilNT 
ReCJ 1 
PRT91+1 
;INT 
~ask 
Req , 
1 
02 
; 91 so 
I~TRP 
Mask 
Al 
; 91 
81 
INTRP 
"'ask 
10H- 
; 91 
END 
INTRP 
Hask 
RAH 
;91 
commandpass thru 
Int 
hit 


INT2 
Req 
'2 
Interrupt 
2 
EOU 
PRT9l+2 


; 
ADRl'ID 
TON 
WN 
TLON 
MODEl 


Reg 
14 Address 
~ode Constants 
EOU 
PRT9l+4 
;91 
ad~ress 
mode 
register 
t 
EQU 
80H 
:91 
talk 
only 
mode 
& 
not 
listen 
only 
£QU 
40H 
;91 
listen 
only 
& not 
ton 
EQU 
BC9H 
;91 
talk' 
listen 
only 
EQU 
91 
;mode 
1 addressinq 
for 
device 


"ORST 
EOIST 
TA 
LA 


Req 
14 
EQU 
EQU 
EOU 
EOU 


AUXI<D 
CLKRT 


Req 
15 
EOU 
EOU 


(Read) 
Ad<'lress 
Status 
Reqister 
PRT9l+4 
; r eq 14 
20H- 
2 
1 
; listener 
ee e.t ve 


(Write) 
AuxilIary 
Mode Reqister 
PRT91+S 
;91 
aux Lk Lar y mode 
reqister 
23H 
;91 
3 Mhz 
clock 
input 
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0903 
50 
FNHSK 
EQU 
93 
91 
fininsh 
handshake 
command 


8A96 
51 
SDEOl 
EQU 
9~ 
91 
send 
EOt 
wi th 
next 
nyte 


098" 
52 
AXRA 
EQU 
83H 
91 
aux , 
r ee 
A 
pattern 


98U 
53 
HOHSK 
EQU 
1 
91 
hold 
off 
hanrtshake 
on 
all 
bytes 


0902 
54 
HOEND 
EQU 
2 
91 
ho Ld 
off 
handshake 
on 
end 
8093 
55 
CAHC1 
EQU 
3 
91 
continuous 
AH 
c yc Lf nq 
9084 
56 
[DEOS 
EQU 
4 
91 
end 
on 
EOS received 
0888 
57 
E01S 
EQU 
8 
91 
output 
EOt 
on 
EOS 
sent 
900F 
58 
VSCMD 
EQU 
9FH 
91 
valid 
command 
pass 
throuqh 
0887 
59 
NVCMO 
EOU 
07H 
91 
invalid 
command 
pass through 
00A0 
60 
AXRB 
EQU 
0A0H 
Aux .. 
r eq , 
B pattern 
8801 
~1 CPTEN 
EQU 
UH 
command 
pass thru 
enable 
~2 
; 
, 


63 
; 
Req 
15 
(Read) 
B3~5 
~4 CPTRG 
EQU 
PRT91+5 
~5 
; 
66 
; 
Req 
1(' 
Address 
9/1 
req. 
constants 
00~5 
67 
ADR91 
EQU 
PRT91+~ 
0069 
68 
O'rOL1 
EQU 
60H 
snt seb Le 
major 
talker , 1istener 
09E0 
59 
OTOL2 
EOU 
~E9H 
;Disable 
minor 
talker , listener 
70 
; 
71 
; 
Req 
17 
EOS 
Character 
Reqister 
.0~7 
72 
EOSR 
EQU 
PRT91+7 
73 
; 


74 
; 


75 
; 
8292 
CONTROL VALUES 
76 
; 
77 , 
78 
9068 
79 
PRT92 
EQU 
PRT91+8 
; 8292 
Base Port 
t 
(CS7) 
80 i 
• 


0968 
81 
INTf'IIR 
EQU 
PRT92+0 
;92 
INTRP 
Mask 
Req 
09A" 
82 
INTM 
EQU 
9ABH 
;TCI 
83 
; 
90~8 
84 
ERR,.. 
EQU 
PRT92+B 
; 92 
Error 
Mask 
Rag 
0301 
85 
TOUT1 
EQU 
01 
; 92 
Time 
Out 
for 
Pass 
Control 
90B2 
86 
TOUT2 
EQU 
02 
;92 
Time 
Out 
tor 
Stand by 
0004 
87 
TOUT3 
EQU 
B4 
;92 
Time 
Out 
for 
Take 
Control 
Sync 
9968 
88 
EVREG 
EQU 
PRT92+A 
;92 
Event 
Counter 
Pseudo 
Req 
0068 
89 
TOREG 
EQU 
PRT92+B 
,92 
Time 
Out 
Pseudo 
Req 
90 
; 


8069 
91 
CM092 
EQU 
PRT92+l 
;92 
Command Reg i ster 
92 
; 
0069 
93 
lNTST 
EQU 
PRT92+1 
;92 
Interrupt 
Status 
Req 
nu 
94 
!:VBIT 
EQU 
10H 
; Event 
Counter 
81t 
0082 
95 
lBFBT 
EQU 
02 
,Input 
Ruffer 
Full 
Bit 
0A28 
95 
SRQBT 
EQU 
2AH 
:Seq 
bit 
97 
; 
0068 
98 
ERFLG 
EQU 
PRT92+QJ ,92 
Error 
Flag 
Pseurlo 
Reg 
8068 
99 
CLRST 
EQU 
PRT92+" 
; 92 
Controller 
Status 
Pseudo 
Reg 
9968 
100 
BUSST 
EQU 
PRT92+0 
,92 
GP1B 
(Bus) 
Status 
Pseudo 
Reg 
0068 
101 
EVCST 
EQU 
PRT92+0 
,92 
Event 
Counter 
Status 
Pseudo 
R·9 
0068 
192 
TOST 
EQU 
PRT92+0 
,92 
Time 
Out 
Status 
Pseudo 
geq 
103 , 
184 
; 
8292 
OPERATION COM.MANDS 
105 
; 
186 
001'0 
107 
SPCNI 
EQU 
IF0H 
,Stop 
Counter 
Interrupts 
A0F1 
188 
G1DL 
EQU 
1F1H 
,Go 
to 
Idle 
001'2 
109 
RSET 
EQU 
9F2H 
;Reset 
811'3 
110 
RSTI 
EQU 
9F3H 
;Reset 
Interrupts 
00F4 
III 
GSEC 
EQU 
9F4H 
r Go t o 
standby 
# 
enable 
counting 
UPS 
112 
EXPP 
EQU 
8F5H 
;Execute 
parallel 
poll 
80F6 
113 
GTSB 
EQU 
9F6H 
;Goto 
standby 
001'7 
114 
SLOC 
EQU 
IF7K 
:Set 
local 
Mode 
08F8 
115 
SRE" 
EO'J 
0F8H 
:Set 
interface 
to 
remote 
101'9 
116 
ABORT 
EQU 
0F9H 
:Abort 
all 
operation, 
clear 
inter 
face 
08FA 
117 
TCNTR 
EQU 
9FAH 
;Take 
control 
(Receive 
control) 
80FC 
118 
TCASY 
EQU 
BFCH 
; Take 
control 
asyncronousl 
y 
001'0 
119 
TCSY 
EQU 
BFOH 
,Take 
control 
syncronousl 
y 
00FE 
120 
STCNI 
EQU 
9FEH 
:Start 
counter 
interrupts 
121 
; 
122 , 
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nE1 
UE2 
lBE3 
IAE4 
88E5 
88E6 
UE7 
UE9 
UE" 
U8H 


123 
, 
124 
125 
, 
126 
WOUT 
127 
WEVC 
128 
REVC 
129 
RERF 
13B 
RIll'" 
131 
RCST 
132 
RBST 
133 
RTOUT 
134 
RERM 
135 
lACK 
136 
137 
138 
139 
141 
141 
, 
142 
PRTF 
143 
TCIF 
144 
SPIF 
145 
OBFF 
146 
IBFF 
147 
BOF 
148 
149 
15A 
, 
151 
,,0.\ 
152 
MTA 
153 
"LA 
154 
UNL 
155 
GET 
156 
SOC 
157 
SPE 
158 
SPD 
159 
PPC 
l'i8 PPD 
161 
PPE 
162 
PPU 
163 
TCT 
164 
165 
165 
H7 
168 
169 
SETF 
170 
171 
172 
I 
173 
WAITO 
174 
175 
WAITL: 
176 
177 
178 
179 
1BB 
181 
WAITI 
182 
183 
WAITL: 
184 
185 
185 
187 
188 
, 
189 
WAITX 
198 
191 
WAITL: 
192 
193 
194 
195 


;Write 
to 
timeout 
req 
;Write 
to 
event 
counter 
;Read 
event 
counter 
status 
;Read 
error 
flag' 
leg 
; R.ad 
interrupt 
m•• k r89 
,Read 
controller 
status 
req 
,Read 
GPIB 8us 
status 
reg 
;Read 
thneout 
status 
r eq 
;Read 
error 
mask reg 
; Interrupt 
Ac;knowledqe 


BE1H 
8E2H 
IE3H 
8E4H 
IE5H 
1E6H 
IE7H 
IE9H 
BEAH 
IBH 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EOU 
EQU 
EOU 
EOU 
EQU 
EOU 
EOU 


1 
"'0.\+4 AH 
MDA+21H 
3FH 
BB 
B4H 
18H 
19H 
AS 
HH 
6AH 
lSH 
99 


8292 
UTILITY 
COMMA~D~ 


MACRO 
DEFIN 
I'flONS 


MACRO 
ORA 
ElID'< 


MACRO 
LOCAL 
IN 
ANI 
JZ 
END'< 


MACRO 
LOCAL 
IN 
MOV 
ANI 
JZ 
ENOM 


MACRO 
LOCAL 
IN 
ANI 
JNZ 
ENIlM 


PORT 
F 
BIT 
ASSIGNMENTS 


EOU 
PRT91·HJFH 
;ZT748A 
port 
6' 
for 
interrupts 
EOU 
.2H 
;Task 
COMplete 
interrupt 
EQU 
84H 
;Special 
interrupt 
EOU 
08H 
,92 
Output 
(to 
CPU) 
Buffer 
full 
EQU 
ISH 
;92 
Input 
(from 
CPU) 
Buffer 
empty 
EQU 
AlH 
;91 
Int 
lIne 
(BO 
in 
this 
case) 


GPIB 
~ESSAG~S 
(COM"ANDS) 


;My 
device 
address 
is 
1 
;My 
talk 
address 
1s 
I 
(-A-) 
;My 
listen 
address 
is 
1 
(-.-) 
;Universal 
unlisten 
;Group 
Execute 
Tr iqqer 
snev t ce 
Clear 
;Serial 
poll 
enable 
;Serial 
poll 
disable 
jParallel 
poll 
confiqure 
;Parallel 
poll 
disable 
;Parallal 
poll 
disahle 
;Parallel 
poll 
unconfiqured 
;'rake 
control 
(pass 
control) 


A 
;Sets 
flags 
on A reqister 


0B6F 
8882 
8884 
UB8 
8018 
8981 


9801 
BB4l 
IB21 
A83F 
3008 
BU4 
8BlS 
0819 
AB85 
U78 
B86e 
8815 
8089 


EQU 
EOU 
EOU 
EOU 
EQU 
EQU 
EOU 
EQU 
EQU 
EQU 


WAITL 
INT1 
BOM 
WAITL 


;Wait 
for 
last 
91 
byte 
to 
be 
done 


;Get 
lntl 
status 
; Cheek 
for 
hyte 
out 
; If 
not, 
try 
aqain 
;until 
it 
is 


WAITL 
INT1 
B,A 
BI" 
WAITL 


;Wait 
for 
91 
byte 
to 
be 
input 


;Get 
INTl 
status 
;SAve 
status 
in 
8 
;Cheek 
tor 
byte 
in 
;tf 
not, 
just 
try 
again 
luntil 
it 
is 


WAITL 
PRTF 
TCIF 
WAITL 


;Wait 
for 
92'S 
"reI to 
go 
false 
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109~ 
3EAA 
1992 
n3~8 


1004 
3E~3 


190~ 
o3~~ 
10A9 
3EE0 
IA3A 
O3S~ 


10~C 
3E~0 
lA9E 
D3~4 


1919 
3~23 


IB12 
OHS 


1014 
AF 
1915 
D3~1 
1917 
D3~2 
1019 
0355 
1918 
C9 


196 
"AITT 
197 
198 
"A I T!. : 
199 
2A0 
201 
202 
293 
RANGE 
294 
205 
206 
297 
208 
209 
219 
211 
212 
213 
214 
215 
: 
216 
CLRA 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
23~ 
237 
239 
239 
240 
241 
242 
243 
244 
245 
24~ 
247 
248 
NIT: 
249 
259 
251 
252 
253 
254 
255 
25~ 
257 
258 
259+ 
2~0 
2~1 
262 
263 
264 
265 
26' 
267 
268 
2~9 


~ACRO 
LOCAL 
IN 
ANI 
JZ' 
ENOM 


WAITL 
PRTF 
TCIF 
WAITL 


rce e task 
complete 
int,etc. 


;"'ask 
it 


;Wait 
for 
ti"lsk 
to 
be complete 


LOWER, UPPER, 
LABEL 


;Checks 
for 
value 
in 
r anq e 


; b r anche 
s 
to 
1ab e I 
if 
no t 


;in 
ranqe. 
Falls 
throuqh 
if 


; lower 
<- 
( 
CH) 
CL) 
) 
<- 
upoe r , 


;Get 
next 
byte. 


;A 
XOR 
A 
-8 


All 
of 
t he 
following 
rout tnes 
have 
these 
common 
assumptions 
about 
the. 
state 
of 
the 
8291 
, 
q292 
upon 
entry 
to 
the 
routine 
and 
will 
exit 
the 
routine 
in 
an 
identical 
state. 


I'IIACRO 


MOV 
CPI 
JM 
CPI 
JP 
EN~ 


A,M 
LOWER 
LABEL 
UPPER+l 
LA8EL 


80 
is 
or 
has been set, 
All 
interrupts 
are 
maskeri 
off 
'rON 
mode 
, 
not 
LA 
No holdaffs 
in 
effect 
or 
enabled 
No 
ho Ldc f f s 
waitinl'l 
for 
finish 
command 


8292 
: 


8085: 


INITIALIZATION 
HOU'fINE 


None 
None 
None 
A,t' 


MVI 
ou'r 
MVI 
on 
MVI 
our 
~VI 
our 
MVI 
OU'r 
CLRA 
X"A 
OUT 
OUT 
OUT 
RET 


A, 
INT"1 
I~'rMR 
A,oTDLl 
AoR01 
A,DTDL2 
ADR~l 
A, TO"" 
ADR"10 
A,CLKRT 
AUX"'O 


A 
IN'!,! 
IN'r2 
AUX"'O 


IN pu'rs: 
OU'rpUTS: 
CALLS: 
DESTqOYS: 


MACRO 
XRA 
EN~ 
A 


ATN asserted 
(active 
controller) 


note: 
Rc'rL is 
an 
exceptlon--- 
it 
expects 
to 
not 
be active 
controller 
Any previous 
task 
is 
coerpr e r e 
" 
92 
is 
ready 
to 
receive 
next 
commend , 
Pointer 
r eq i s e e r s 
(DE,HL) 
en" 
one 
beyond 
last 
Leq a I 
entry 
....................................................... 


R291 : 


SEND 
ROU'rINE 


; Enahle 
TCI 


;Output 
to 
92's 
intr. 
mask 
req 
;nisa~le 
",ajor 
talker/listener 


;Oisa~le 
mLno r 
talker/listener 


;'ralk 
only 
mode 


;3 
"1HZ for 
rtelay 
timer 


;A 
XQR 
A 
-QI 


••••••••••• 
_•• _•• __••• _.*--.*.*-* 
* **.* .**** •• *** *** "'. 


r Df aab Le 
all 
91 m"sk hits 


;tmme"i~te 
execute 
PO~ 
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ISlC 
3E41 
191E 
03~9 


1920 
0861 
1922 
E682 
1924 
CI\29lH 
1927 
3£3F 
1929 
0369 
192a 
78 
192C 
OH7 


192E 
7P. 
192F 
F£29 
1931 
FM719 
1934 
t'£3F 
193~ 
F24710 


1939 
0861 
1938 
£6n 
1930 
CA3919 
1849 
7E 
19H 
0369 
1843 
23 
1044 
C32£lO 


1947 
08H 
1049 
£6.2 
1948 
CA471. 


184 £ 
3EF6 
1859 
0369 
1952 
3E88 
lB5! 
0365 


195~ 
086F 
1958 
E682 
105A 
C25H9 


1950 
D85F 
1.5F 
E602 
1961 
CAS019 


1964 
79 


1965 
87 
1966 
C1\8819 
1969 
lA 
1951\ 
03~. 
106C 
8a 


279 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
END: 
2in 
284 
2~5+??0331 
: 


28H 
287+ 
288 
289 
299 
291 
292 
293 
SE~OI: 
294+ 
295+ 
296+ 
297+ 
298+ 
299+ 
389+ 
391+ 
392+ 
30lt 
394 
335+?70;UJ2 
: 
386+ 
397+ 
398 
399 
310 
311 
312 
313 
SEN02: 
314+7?1"'33: 
315+ 
316+ 
317 
318 
319 
320 
321 
322 
323 
324+1?0:'94 
: 
325+ 
326+ 
)27 
328+??"""5: 
329+ 
339+ 
HI 
332 
, 
333 
, 
334 
335 
336+ 
337 
338 
SEN03: 
339 
349 
341 
342 


;Get 
lnt} 
status 
;Check 
for 
byte 
out 
;It not, 
try 
aqain 
;Senti 
universal 
unllsten 
:to 
stop 
previous 
listeners 
;Get 
EOS character 
;Output 
it 
to 
8291 
;while 
listener 
. 
28H,3EH,SEND2 
;Check next 
listen 
address 
;Cheeks 
for 
value 
in 
ranqe 
;branches 
t~ 
label 
if 
not 
; in 
range. 
Falls 
throU<]h 
if 
; lower 
<= 
( 
CH) CL) 
) 
(- 
upper 
.. 
;Get 
next 
byte .. 


;we! t 
for 
previous 
listener 
sent 
;Get 
lntl 
status 
:Check 
for 
byte 
out 
: If 
not, 
try 
again 
;Get 
this 
listener 
;Output 
to 
GPIB 
;lncre""ent 
listener 
list 
pointer 
;Loop 
till 
non-valid 
listener 
;Enahle 
91 
entiinq 
conditions 
;Wait 
for 
1stn 
a~dr 
accepted 
;Get 
Intl 
status 
,Check 
for 
byte 
out 
;If 
not, 
try 
aqain 
;W"ITO required 
for 
early 
versions 
,of 
8292 
to 
••void 
GTC;Bbefore 
DAC 
A,GTSB 
;Goto 
stanrthy 
CMD92 
: 
A, AXRA+EOrS 
AUXIIID 


INPU'rs: 


OU'fPUTS: 
CALLS: 
DESTROYS: 


MVI 
OU'f 
WI\ITO 
IN 
I\NI 
JZ 
MVI 
OUT 
MOV 
OUT 


",HTA 
OOUT 


INTI 
8001 
779"911 
",UNL 
OOUT 
A,8 
£OSR 


HL 1 istener 
1 ist 
pointer 
DE data 
buffer 
pointer 
C 
count-- 
e 
wi 11 
cause 
no "'ata 
to 
be 
sent 
b 
ECS ch"racter-- 
software 
detected 
none 
none 
A, 
C, 
DE, 
HL, F 


;Send 
,,",'fAto 
turn 
off 
any 
;previous 
talker 


;Senci 
EOI with 
EOS character 


;Wait 
for 
TCI to 
qo 
false 


:Wait 
for 
TCI on 
GTS8 
:Get 
task 
complete 
int ,etc. 
;Mask 
1t 
,Wait 
for 
task 
to 
be 
complete 


instructions 
to 
make 
count 
of 
9=2Sfi 


:Get 
count 
;Set 
f1aqs 


If 
ccunt s a , 
,end 
no data 
Get 
data 
byte 
Output 
to 
GPIB 
'fest 
EOS •.• 
this 
is 
faster 
and 
uses 
less 
cone 
than 
usinq 
91's 
END or 
EOI bits 
231324-34 


RANGE 


MOV 
CPI 
JOI 
CPI 
JP 
~AITO 
IN 
ANI 
JZ 
/lOV 
OUT 
INX 
J~P 


A,M 
2eH 
SEII02 
3EH+! 
SEND2 


INTl 
BOM 
?7~3A7. 
A,M 
DOU'r 
H 
SENOI 


WAITO 
IN 
I\~I 
JZ 


INTI 
80M 
719""3 


MVI 
OUT 
MVI 
OUT 
WAlTX 
IN 
ANI 
JNZ 
WAITT 
IN 
ANI 
JZ 


PRTF 
TCIY 


??9I::tA4 


PRTF 
TCIY 
?7AB95 


delete 
next 


"I0V 
SETF 
ORA 
JZ 
LDAX 
OUT 
C!I'IP 


I\,C 


A 
SEIIM 


D 
DOUT 
8 


3-134 


inter 
AP-66 


lA'O 
CA7F10 


1070 
oas i 
1872 
E6~2 
1874 
CA7910 
1077 
13 
1978 
90 
1879 
C26919 
187C 
C388H 
1871' 
13 
1089 
WO 


1081 
0861 
1983 
E6~2 
lA85 
CA8118 


1888 
JEt'O 
108A 
0369 
108C 
3E80 
188£ 
D365 


1090 
08611' 
1092 
E'92 
1094 
C29318 


1897 
OB6F 
1999 
'E692 
199B 
CA9710 
109E 
C9 


1991' 
78 
18A0 
D3fi7 


19A2 
7E 
19A] 
F£40 
18A5 
FA3911 
18A8 
PE5F 
10AA 1'23911 


10AD 0360 
19"1' 
23 


1980 
OBH 
1882 
£692 
1084 
CAB0l1 
1087 
3E3F 
1089 
0369 


1988 
DsH 
UBO 
E602 
198F 
CA8819 


••VI 
our 
"VI 
OUT 
'''''''ITX 
IN 
A~I 
JNZ 
WAIT'r 
IN 
"NI 
JZ 
RET 
;************** 
••• *.*** •• ************************************ 
•• ***.*. 


34] 
344 
SEND4: 
345+119931; 
: 
341)+ 
347+ 
348 
349 
350 
3~1 
352 
SEN05: 
35] 
]54 


]55+?10097 
: 
356+ 
]57+ 
358 
]59 
SEND6: 
]68 
361 
H2 
]'] 
3'4+719098 
: 
]'5+ 
]'6+ 
H7 
]68+17.999 
: 
]69+ 
]70+ 
371 
]72 
37] 
374 
375 
376 
377 
; INPU'r: 
378 
379 
, 
]80 
]~1 
]82 
]83 
]84 
]85 
]86 
387 
]88 
389 
; 
390 
RECV: 
]91 
]92 
393+ 
]94+ 
]95+ 
396+ 
397+ 
398+ 
]99+ 
4ee+ 
401+ 
402+ 
40] 
404 
405 
486 
407+71UI0: 
40B+ 
499+ 
418 
411 
412 
413+170011 
: 
414+ 
415+ 


;OUTPUT: 
;CALLS: 
; DESTROYS: 
, 
; RETURNS: 
, 


JZ 
WAITO 
IN 
ANI 
JZ 
INX 
OCR 
J~Z 
J~P 
INX 
DCR 
WAITO 


SENDS 


INTl 
Ba. 
77989" 
o 
C 
SEND3 
SEN06 
o 


C 


;It 
char. 
EQS 
, qo 
finish 


:Get 
lnt! 
status 
;Check 
for 
byte 
out 
;If 
n~t, 
try 
aq~in 
; Inr.rel'tent 
buffer 
pointer 
;Decrement 
count 
;It 
count 
< 
> 9, qo 
send 
; Else 
qo 
finish 
:for 
consistency 
; . 
. 


:'fhis 
en 'lures 
that 
the 
stanoard 
entry 
;eet 
Int 1 status 
iC~eck 
for 
byte 
out 
;It 
not, 
try 
aqain 
: assumpt ions 
for 
the 
next 
subrnut 
tne 
;Take 
control 
syncronously 
are 
met 


;R.set 
send 
EOl on 
EOS 


;Wait 
for 
TCI 
fllllse 


,Wait 
for 
TCI 
;Get 
task 
complete 
int,ete. 
;/II!ask it 
;Wait 
tor 
task 
to 
be 
complete 


HL 
talker 
pointer 
Dt! 
tiata 
buffer 
pointer 


C 
count 
(max 
buffer 
si ze) 
" impl ies 
25'» 
8 
EOS ehe r ac t.e r 
Fills 
buffer 
pointed 
at 
by 
nE 
None 
A, 
B~, 
DE, 
HL, 
F 


Az8 
nor",al 
termination--EOS 
detected 
A=40 
Error--- 
count 
overrun 
A<48 
or 
A>5EH £rror--- 
barl talk 
ee-s r es s 


A,8 
sce e 
EOS character 
EOSR 
10utput 
it 
to 
91 
48H, 5EH, RECVfi 
;Checks 
for 
value 
In 
range 
;branches 
to 
label 
if 
not 
tin 
ranqe. 
Falls 
throuqh 
if 
; lower 
<- 
( 
(H) (L) 
) <- upper. 
;Cet 
next 
byte. 


,valid 
If 
49H<- 
talk 
<-5EH 
;Output 
talker 
to 
GPt8 
;Incr 
pointer 
for 
consistency 


;Get 
Intl 
status 
,Check 
for 
byte 
out 
IIf 
not, 
try 
again 
;Stop 
other 
listeners 


;Get 
Intl 
statu9 
;Check 
for 
byte 
out 
;If 
not, 
try 
aqain 
231324-35 


IN 
ANI 
JZ 


INTl 
80" 
?7"",,1 


A,TCSY 
CI<092 
A, AXRA 
AUX"D 


PRTF 
TCIF 
7?9:1"8 


PRTF 
TCIF 
??00A9 


RECEIVE 
ROUTINE 


MOV 
OUT 
RANGE 


MOV 
CPI 
J" 
CPI 
JP 


1..1< 
4AH 
RECV6 
5EH+l 
RECV6 


our 
INX 
WAITO 
IN 
A~I 
JZ 
MVI 
our 
WAITO 
IN 
ANI 
JZ 


OOUT 
H 


INTl 
8014 
1?AOIB 
A,UNL 
00 UT 


INTl 
BOl< 
17""11 


3-135 


intJ 
AP-66 


10C2 
3E21 
10C4 
03~0 
19CG 3E8~ 
10C8 
0365 


19CA OB~l 
10CC 
E502 
lACE CACAl9 
ram 
3E4A 
1003 
03~4 


lA05 
AF 
1006 
0355 
1008 
3EF6 
190A 
03~9 


lAOC 
086F 
laOE 
E632 


1.E8 
C2OCl9 


10E3 
OB6F 
10E5 
E602 
10EA 
0861 
1.EC 
47 
lA£O 
£619 
lIEF 
C2.511 
lIF2 
78 
19F3 
E61l 
19F5 
CAE•••l. 
19F8 
OM. 
1.F ••• 12 
19FB 
13 
!BFC .0 
lIFO 
C2EA19 
11.0 
.649 
1192 
C31711 


11.5 
78 
1196 
E691 
1198 
C21911 
11.B 
0861 
11.0 
C3B611 
1118 
0860 
1112 
12 
1113 
13 
1114 
00 
1115 
0698 


1117 
3EFO 
1119 
0369 


1118 
086F 
1110 
£6.2 
I11F 
C21811 


1122,OB6F 
1124 
£602 
1126 
CA2211 


1129 
3E8. 
112B 
0365. 


1120 
3£8. 
112F 
0364 
1131 
3£03 
1133 
03~5 


1135 
AF 
1136 
0365 
1138 
78 


,1139 
C9 


41~ 
417 
418 
419 
42. 
421+778d12: 
422+ 
423+ 
424 
425 
426 
427+ 
428 
429 
439 
431 
432+?78"13: 
433+ 
434+ 
435 
431;+77""14 
: 


437+ 
439 
RECV1: 


440 
441 
442 
443 
444 
445 
44~ 
447 
448 
449 
45. 
451 
452 
453 
, 
454 
RECV2: 
455 
RECV3: 
456 
457 
458 
459 
RECv4: 
46. 
461 
462 
463 
464 
, 
465 
RECV5: 
466 
467 
468+770815: 
469+ 
47.+ 
471 
472+??""1f;: 
473+ 
474+ 
475 
, 
47fi 
;if 
time()ut 
Is 
to 
be 
checked, 
the 
ab eve 
WAITT should 
477 
r be o:nitted 
, 
the 
appropriate 
code 
to 
look 
for 
'reI or 
478 
;TOUT) 
inserted 
here. 
479 
48. 
481 
482 
483 
484 
485 
486 
487+ 
488 
489 
49. 
RECV6: 


A,HLA 


DOU'r 
A, AXR"+HOE~D+EDEOS 
; EnrJ when 
AUX~D 
;EOS 
or 
EOI 
, 
Ho}rioff 


~VI 
OUT 
~VI 
our 
WAITO 
IN 
ANI 
JZ 
~VI 
OUT 
CLH~ 
X"A 
OUT 
~VI 
OUT 
W"'ITX 
IN 
ANI 
JNZ 
WAITT 
IN 
ANI 
IN 
/lOV 
ANI 
JNZ 
".CV 
_ 


ANI 
JZ 
IN 
STAX 
INX 
OCR 
JNZ 
MVI 
JMP 


INT1 
80 •• 
??9IH2 
"',LON 
ADRi'tI) 


A 
AUXMO 
A,GTSB 
CM92 


PRTF 
TCIF 


771111113 


PRTF 
TCIF 
INT1 
B.A 
ENDMK 
RECV2 
••••8 
BIM 
RECVl 
DIN 
o 
o 
C 
RECV1 
8,48H 
R£CV5 


; Por completeness 


;Get 
lntl 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 
;Listen 
only 


; Immedlate 
XEO PON 
;A 
XOR 
A 
-B 


rce ee 
stan:ihy 


;Wait 
for 
TelaS 


:wait 
ee e TCl.,.l 
;Get 
task 
complete 
lnt,etc. 


:Mask 
it 


:Get 
91 
lnt 
status 
(ESO 'tor 
BI) 
;Save 
it 
In 
8 for 
81 check 
later 
;Check 
for 
EOS 
or 
EOI 
iYes 
end--- 
go 
waIt 
for 
BI 


;NO, 
retrieve 
status' 
,check 
for 
81 


,NO, 
go 
wait 
for 
either 
END or 
81 
;YES, 
81--- 
get 
data 
,Store 
it 
in 
buffer 


;Increment 
buffer 
pointer 


;Decrement 
counter 
;If 
count 
< > " go 
back' 
wait 
:Else 
set 
error 
in~icator 
:And qo 
take 
control 


;Retreive 
status 
;Check 
for 
BI 
;If 
BI 
then 
qo 
input 
data 
;Else 
wait 
for 
last 
BI 
;In 
loop 
;Get 
data 
byte 
;Store 
it 
In 
buffer 
; Incr 
data 
pointer 


;Oecrement 
count, 
but 
iqnore 
it 
,Set 
normal 
completion 
indicators 


;Take 
control 
synchronously 


;Walt 
for 
TCI,.9 
(7 
tcy) 


:wait 
for 
TCI,l 


;Get 
task 
complete 
lnt,etc. 
:Mask 
it 
;Wait 
for 
task 
to 
be complete 


JPattern 
to 
clear 
91 E~O conrlitions 
, 
:This 
bit 
pattern 
already 
in 
-,,- 
;Output 
TON 
; Fin i sh handshake 


;A 
XOR A .0 
; Immediate 
execute 
PON-Reset 
LON 
;Get 
completion 
character 


231324-36 


MOV 
ANI 
JNZ 
IN 
JMP 
I~ 
ST ••• 
x 
INX 
OCR 
MVI 


•••• B 
BIM 
RECV4 
INT1 
HECV3 
DIN 
o 
o 
C 
B •• 


MVI 
OUT 
WAITX 
IN 
",NI 
JNZ 
W"'ITT 
IN 
IINI 
JZ 


A, 
TCSY 
CM092 


PRTF 
TCIF 
11""15 


PRTP 
TCIF 
17a916 


/IIIVI 
OUT 
~VI 
OUT 
MVI 
OUT 
CLRA 
XRA 
our 
MOV 
RET 


",AXRA 
AUX1'tD 
A,TON 
•••ORMO 
A,FNHSK 
"'UXMO 


A 
AUXMD 
A.B 


3-136 


inter 
AP-66 


113" 
7E 
1138 
FE40 
1130 
FA8811 
1148 
FE5F 
1142 
F28811 
1145 
D3S9 
1147 
23 


1148 
08S1 
114" 
£692 
114C 
CA4811 
114F 
3E3F 
1151 
0350 


1153 
7E 
1154 
FE28 
1156 
F,,6C11 
1159 
FE3F 
1158 
F26C11 


115E 
0861 
1168 
£682 
1162 
C,,5Ell 
1165 
7£ 
1166 
0350 
1168 
23 
1169 
C35311 


116C 
0861 
116£ 
£602 
1178 
C"6C11 
1173 
3E87 
1175 
0365 
1177 
3E40 
1179 
0364 


1178 
M 
117C 
0365 
117E 
78 
117F 
0367 
1181 
3£F6 
1183 
0369 


491 
492 
; *.* •••••••• 
* .*.* •••••••••••••• 
*- * •••••• 
*** ** *** .*.* ••• *.* •••• 
493 
494 
495 
49~ 
; INPu'rs: 
497 
498 
499 
500 
581 
592 
5q3 
; 
504 
; NOTE: 
595 
506 
597 
588 
509 
519 
; 
511 
XFER: 
512+ 
513+ 
514+ 
515+ 
516+ 
517+ 
51R+ 
519+ 
529+ 
521+ 
522 
523 
524 
525+??9917: 
526+ 
527+ 
528 
529 
530 
XF£Rl: 


531+ 
532+ 
533+ 
534+ 
535+ 
536+ 
537+ 
538+ 
539+ 
548+ 
541 
542+??""18: 
543+ 
544+ 
545 
546 
547 
548 
549 
XFER2: 


SS0+??'''U9: 
551+ 
552+ 
553 
554 
555 
556 
557 
558+ 
559 
5fi0 
-551 
562 
563 


;ou'rpUTS: 
;C"US: 
:DESTROYS: 
;R£TU~NS: 


XFEH H.QU'rINE 


HL d ev Ic e 
I1st 
pointer 
B 
EOS character 
None 
None 
A, 
HL, 
F 
A::s3 
normal, 
It. 
< 
) 
" 
ba" 
tal 
ker 


XFER 
will 
not 
work 
if 
the 
talker 
uses 
EOl 
to 
terminate 
the 
transfer. 
tnte! 
will 
be 
making 
hardware 
mo(Hfications 
to 
the 
9291 
that 
will 
correct 
this 
prohlem. 
Until 
that 
time, 
only 
£05 
may be 
used 
without 
possible 
los~ of 
the 
last 
data 
byte 
transfered. 
49H,5EH,XFF.R4 
;Check 
for 
valid 
talker 
;Checks 
for 
value 
in 
ranqe 
;branches 
to 
label 
If 
not 
;In 
range. 
Falls 
through 
if 
;lower 
c= 
( 
(H) 
Cl) 
) 
<- 
upper. 
;Get 
next 
byte. 


IHTl 
80M 
??AijlIl7 
A,UNl 
DOUT 


2AH,3EH,XFE~2 
;Check 
for 
valid 
listener 
;Checks 
for 
value 
in 
ranqe 
;branches 
to 
label 
if 
not 
;in 
range. 
Falls 
throuqh 
if 
;lower 
<,. ( 
(H) 
CL) 
) 
<- 
upoe r , 
;Get 
next 
byte. 


RASGE 


i'IOV 
CPI 
JM 
CPI 
JP 
OUT 
INX 
WAITO 
IN 
ANI 
JZ 
'"'VI 
OUT 
RANGE 


",M 
49H 
XFER4 
SEH+l 
XFER4 
DOUT 
H 
;Sent:l 
it 
to 
GPIB 
;Iner 
pointer 


;Get 
Intl 
status 
;Cheek 
for 
byte 
out 


;If 
not, 
try 
again 
;Universal 
unl isten 


;Get 
lntl 
st"tus 
;Cheek 
for 
byte 
out 
;If 
not, 
try 
again 
;Get 
1istener 


;Incr 
pointer 
;Loop 
until 
non-vali" 
listener 


lNTI 
;Get 
lntl 
st~tus 
BOM 
;Check 
for 
byte 
out 
??B819 
sIf 
not, 
try 
again 
A, AXRA+CAHCY+EOEOS 
; Invi 
si ble 
handshake 
A UX,,",° 
;Continuous 
AH 
mode 
A,LO~ 
;Llst~n only 
ADRlil40 


;1\. 
XOR 
A 
." 
;Irnmed. 
XEQ PON 
;Get 
EOS 
;Output 
it-to 
91 
;Co 
to 
stan-:tby 


231324-37 


MOV 
CPt 
J'" 
CPI 
JP 
WAITO 
IN 
ANI 
JZ 
MOV 
our 
INX 
JMP 
W"ITO 
IN 
ANI 
JZ 
MVI 
OUT 
MVI 
our 
CLRA 
XRA 
our 
MOV 
our 
MVI 
OUT 


",M 
29H 
XFER2 
3EA+l 
XFER2 


INTl 
BOM 
??""18 
A,M 
DOUT 


H 
XFERl 


A 
AUX"tO 
A,8 
EOSR 
A,GTS8 
CM092 


3-137 


• 


intJ 
AP-66 


118S 
OB~F 
1187 
£602 
1189 
C28511 


118C 
OB6F 
118£ 
£602 
1190 
CABC1I 
1193 
0861 
1195 
£~19 
1197 
CA9311 
119A 
]gFO 
119C 
0369 


119£ 
OB5F 
11A8 
£692 
11A2 C29E11 


11A5 
OB6F 


llA7 
£682 
11A9 CAA511 
11AC 3£88 
11A£ 
0365 
11B9 
3£03 
11B2 
0355 
1184 
3£89 
118~ 
03~4 


1188 
AF 
1189 
0365 
1188 
C9 


118C 
3E3F 
11BE 
0360 


11C0 
7£ 
llCl 
FE20 
11C3 
FA0911 
11C6 
FE3F 
11C8 
F20911 


i ics 
0861 
11CO E692 
11CF CACBll 
1102 
7£ 
1103 
0360 
1105 
23 
1106 
C3ca11 


1109 
0861 
1108 
E#i(J2 
1100 
CA0911 
11E8 
3£08 
11£2 
03~0 


11£4 
0861 
11£6 
£602 


564 
565+71002.: 
556+ 
567+ 
568 
559+??9321 
: 
578+ 
571+ 
572 
XF£R3: 
573 
574 
575 
576 
577 
578+110922: 
579+ 
580+ 
581 
582+718823: 
583+ 
584+ 
5~5 
58~ 
587 
588 
589 
599 
591 
592+ 
593 
594 
XFn4: 
595 
; 
596 i.*.· 
_ 
_ 
_ 
__ 
597 
598 
599 
; 
698 
~u 
632 
~03 
604 
685 
~0~ 
637 
608 
TRIG: 
609 
~18 
TRIG1: 
~11+ 
612+ 
~13+ 
614+ 
615+ 
~lH 
617+ 
618+ 
619+ 
620+ 
621 
622+71 •• 24: 
f;23+ 
624+ 
625 
626 
627 
628 
629 
TRIG2: 
638+??8025: 
631+ 
Fi32+ 
633 
634 
~35 
636+718026: 
637+ 


; INPUTS: 
;OUTPUTS: 
;CALLS: 
;O£STROYS: 


MOV 
CPI 
J~ 
CPI 
JP 
WAITO 
IN 
"NI 
JZ 
~OV 
our 
INX 
JMP 
WAITO 
IN 
ANI 
JZ 
~VI 
OUT 
WAITO 
IN 
ANI 


"''''ITX 
IN 
ANI 
JNZ 
WAITT 
IN 
ANI 
JZ 
IN 
",NI 
.JZ 
~VI 
our 
WAITX 
IN 
ANI 
JNZ 
WAITT 
IN 
",NI 
JZ 
.""VI 
our 
MVI 
our 
~vI 
OUT 
CLRA 
XRA 
OUT 
R£T 


PRTF 
TCIF 
?18928 


PRTF 
TCIF 
1111321 
I"Tl 
ENDMK 
XF£R3 
A, TCSY 
C~092 


PRTF 
TCIF 
1?0327. 


PRTF 
TCIF 
710023 
A,AXRA 
AUX.~D 
A, 
FNHSK 
AUX!'ID 
",TON 
"'ORM" 


A 
AUX~D 


;Wait 
for 
TCS 
,Get 
task 
cnmplete 
int,etc. 
;Mask 
it 


;Wait 
for 
task 
to 
be 
complete 
;Get 
END status 
hi t 


;"'ask 
1 t 


;'fake 
control 
syncronously 


;wait 
for 
;Get 
task 
;14ask 
it 
;Wait 
for 
;Not 
cant 


TCI 
complete 
int,etc. 


task 
to 
be camp}ete 
AH 
or 
ENn 
on 
E05 


TRIGG£R ROUTIN£ 


;Finish 
hend shek e 


;Talk 
only 


:Normal 
return 
AsA 


;A 
XOR 
A =" 
;Immediate 
XEQ 
PQN 


HL 
listener 
list 
pointer 
None 
None 
At 
HL, 
F 


MVI 
OUT 
RANGE 


A,UNL 
: 


OOUT 
:Send 
universal 
unlisten 
20H,3EH,TRIG2 
,Check 
for 
valir1 
listen 
:Checks 
for 
value 
in 
ranqe 
;br3nches 
to 
label 
if 
not 
; in 
r anqe , 
Falls 
throuqh 
if 
; lower 
(s 
( 
CH) CL} ) <- upper. 
rce e nex t; byte. 
A." 
29H 
TRIG2 
3EH+l 
TRIG2 


INTl 
80 •• 
??8~24 
••••M 
00 UT 
H 
TRlGl 


IN'rl 
ROM 
710925 
AtGET 
00 UT 


INTl 
80~ 


,Wait 
tor 
1NL to 
finish 
;Get 
lntl 
status 
;Chftck 
for 
byte 
out 


IIf 
not, 
try 
a'1ain 
;Get 
1istener 
;Sen~ 
Listener 
to 
CPIB 
;Iner. 
pointer 
: Loop 
unti 
1 non-val 
io 
ebe r 
;wait 
fo r 
last 
listen 
to 
finish 
;Get 
Intl 
st.IJtus 
;Check 
for 
byte 
out 
:If 
not, 
try 
a'1ain 
:Senti 
group 
execute 
t r Iqqer 
Ita 
all 
addresserl 
listeners 


r Ge t; 
lntl 
status 
;Check 
for 
byte 
out 
231324-38 


3-138 


inter 
AP-66 


llEB 
CAE4U 
llEB 
C9 


UEC 
3E3F 
UEE 
0368 


UF0 
7£ 
UF1 
FE28 
UF3 
FAU12 
llF6 
F£3F 
llFB 
F2B912 


llFB 
OB61 
llFO 
E602 
llFF 
CAFBU 
1282 
7£ 
1293 
0369 
1285 
23 
1296 
C3F0U 


1299 
0861 
129B 
E682 
1290 
CA8912 
1219 
3E94 
1212 
0368 


1214 
OB61 
1216 
£682 
121B 
CA1412 
i21B 
C9 


121C 
3E3F 
121£ 
0369 


1228 
0861 
1222 
£682 
1224 
CA2812 
1227 
3£21 
1229 
0369 


122B 
OB61 
1220 
£692 
122F 
CA2B12 
1232 
3£18 
1234 
0368 


1236 
OB6l 


638+ 
639 
648 
641 
642 
643 
644 
645 
646 
, 
647 
;INPUTS: 
648 
,OUTPUT: 
649 
,CALLS: 
~58 
; DESTROYS: 
651 
; 
652 
OCLR: 
653 
654 
OCLRl: 
655+ 
656+ 
657+ 
658+ 
659+ 
661+ 
661+ 
662+ 
663+ 
664+ 
665 
666+718827: 
667+ 
668+ 
669 
679 
671 
672 
673 
OCLR2: 
674+178928: 
675+ 
676+ 
677 
678 
679 
688+179829: 
681+ 
682+ 
683 
684 
; 
685 
; * ••••• 
_-------._ 
•• __••••••• 
_. __•• _•••• 
._._. 
_ 


686 
687 
I 
688 
I 
689 
; INPUTS: 
699 
, 
691 
,OUTPUTS: 
692 
,CALLS: 
()93 
; DESTROYS: 
694 
, 
695 
SPOL: 
696 
697 
698+17U38: 
699+ 
7BB+ 
781 
782 
783 
784+71U31: 
715+ 
716+ 
787 
788 
719 
718+71UJ2: 


JZ 
RET 
711826 
;It 
not, 
try 
again 


I;e._._ e_. * *.*. * *. * ** **. aeee_ * ._. 
._._ e*_. 
I 
I DEVICE 
CLEAR 
ROUTINE 
I 


"VI 
OUT 
RANGE 


HL 
listener 
None 
None 
A, 
HL, 
F 


pointer 


.••,UNL 
OOUT 
28H,3EH,OCLR2 
;Checks 
for 
value 
in 
range 
;branches 
to 
label 
if 
not 
;In 
range. 
F~lls through 
if 
; lower 
(. 
( 
CH)(L) 
} <- upper. 
;Get 
next 
byte. 
"OV 
CPI 
J" 
CPI 
JP 
WAITO 
IN 
ANI 
JZ 
"OV 
OUT 
INX 
JMP 
WAITO 
IN 
ANI 
JZ 
MVI 
OUT 
WAITO 
IN 
ANI 
JZ 
R£T 


A.M 
29M 
OCLR2 
3EH+1 
OCLR2 


INTl 
BO" 
719927 
A.M 
DOUT 


M 
OCLR1 


IHT1 
80" 
178928 
A,SDC 
DOUT 


INT1 
80101 
718829 


;Get 
Int! 
status 
;Check 
for 
byte 
out 
:It 
not, 
try 
again 


SERIAL 
POLL ROUTINE 


;Send 
listener 
to 
GPI8 


;Get 
Int! 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
aqain 
;Send 
device 
clear 
;To 
all 
addressed 
listeners 


;Get 
Intl 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 


HL 
talker 
list 
pointer 
DE status 
buffer 
pointer 
Fills 
buffer 
pointed 
to 
by 
DE 
None 
~, 
BC, 
DE, 
HL, 
F 


MVI 
OUT 
W"ITO 
IN 
ANI 
JZ 
MVI 
OUT 
WAITO 


IN 
ANI 
JZ 
MVI 
OUT 
WAITO 
IN 


",UlfIL 
OOUT 


INT1 
80M 
719838 
",MLA. 
DOUT 


INT1 
BO" 
nU31 
A,SPE 
DOUT 


INT1 


;Universal 
unlisten 


;Get 
Intl 
status 
,Check 
for 
byte 
out 
;If 
not, 
try 
again 
;My listen 
address 


;Get 
Intl 
status 
;Check 
for 
byte 
out 
;It 
not, 
try 
again 
;Serial 
poll 
enable 
;To 
be 
formal 
about 
it 


;Get 
lntl 
status 
231324-39 


3-139 


AP-66 


1238 
£tjR2 
1231\ CA3~12 


1230 
7P. 
123E 
FE4A 
1240 
FA9412 
1243 
FE5F 
1245 
F29412 
1248 
7E 
1249 
0369 
1248 
23 
124C 
3E49 
124E 
0364 


1250 
0861 
1252 
E502 
1254 
CA5012 


1257 
•••F 
1258 
0365 
125.' 
3EF6 
U5C 
0369 


125E 
086F 
1260 
E592 
1262 
C25E12 


1265 
o86F 
1267 
E602 
1269 
CM512 


126C 
0861 
126E 
47 
126F 
£6~1 
1271 
CMC12 
1274 
3£FO 
1276 
03S9 


1278 
oB6F 
127 ••• E692 
127C 
C27812 


127F 
086F 
1281 
£602 
1283 
CA7F12 
1286 
0869 
1288 
12 
1289 
13 
128'" 
3£80 
128c 
OH4 


128£ 
I\F 
128F 
0365 


1291 
C33012 


1294 
3£19 
1296 
0360 


1298 
0861 
129'" 
£602 
129C 
C•••9812 


129F 
I\F 
12"'0 
0365 
12 •••2 C9 


711+ 
712+ 
713 
SPOLl: 
714+ 
715+ 
711l+ 
717+ 
71R+ 
719+ 
720+ 
721+ 
722+ 
723+ 
724 
725 
726 
727 
728 
729 
730+7?"0133 
: 
731+ 
732+ 
733 
734+ 
735 
736 
737 
738 
739+??0334 
: 
740+ 
741+ 
742 
743+??3035: 
744+ 
745+ 
746 
747+110936: 
748+ 
749+ 
759+ 
751 
752 
753 
154+??"?JI37: 
755+ 
756+ 
757 
758+170338: 
759+ 
7Fil+ 
761 
7;;2 
763 
764 
765 
766 
767+ 
768 
769 
779 
771 
1 
772 
SPOL2: 
773 
774 
775+1111939: 
776+ 
777+ 
778 
779+ 
780 
781 
782 
; 
783 
; ••••• 
__ ••••••• 
__ ._ ••• 
_._ •••••••• 
_••••••• 
_•••••••••••• 
784 


JMP 


MVI 
OUT 
WAI'ra 
IN 
•••NI 
JZ 
eLR'" 
XRA 
OUT 
RET 


BO~ 
;Check 
for 
byte 
out 
??AIB2 
;If 
not, 
try 
aqain 
4~:f, SF.H,SPOL2 
:Check 
for 
val 
id 
talker 
;Checks 
for 
value 
In 
r anqe 


;brftnches 
to 
la~el 
if 
not 


;1n 
ranqe. 
Falls 
through 
if 
; lower 
<"" 
( 
IH) 
(L) 
} <,. 
upper. 


;Get 
next 
hyte. 


ANI 
JZ 
RANGE 


xov 
CPI 
J~ 
CPI 
JP 
,"IDV 


OUT 
INX 
~VI 
our 
WAITO 
IN 
ANI 
JZ 
CL.A 
XRA 
Ou-r 
MVI 
OUT 
WAITX 
IN 
"'NI 
JNZ 
WAITT 
IN 
ANI 
JZ 
WAITI 
IN 
MOV 
•••NI 
JZ 
MVI 
our 
WAITX 
IN 
",NI 
JNZ 
WAIT'r 
IN 
",NI 
JZ 
IN 
STAX 
INX 
MVI 
OUT 
eLRA 
XRA 
our 


A.M 
4AH 
SPOL2 
5EH+! 
SPOL2 
•••• M 
00 UT 


H 
A,LO~ 
AORJIoIO 


INTl 
80~ 
7?""33 


A 
AUXMo 
A,GTSB 
CM092 


PRTF 
TCIF 
7101934 


PRTF 
TCIF 
179~35 


IN'rl 
8•••• 
8IM 
110036 
A,TCSY 


. CM092 


PRTF 
TCIF 
7?""37 


PRTF 
TCIF 
?190]8 
DIN 
o 
o 
A,TON 
AOR"D 


A 
AUXI'Io 


;G~t 
talker 
; Se nd 
to 
GPIB 
;Incr 
t e Lke r 
list 
pointer 


;Listen 
only 


SPOLl 


A,SPD 
OOUT 


IHTl 
BOM 
??8A]9 


A 
AUX140 


:wait 
for 
talk 
a~dress 
;Get 
Intl 
status 


;Check 
for 
-byte 
out 
;If 
not, 
try 
again 
;Pattern 
for 
iMm~~iate 


;A 
XOR 
A -0 


to 
complete 


XEO 
paN 


;Goto 
stan~by 


;Wait 
for 
TCI false 


;Wait 
for 
TCI 


;Get 
task 
complete 
int,etc. 
;Mi!sk 
it 
:Wait 
for 
task 
to 
he 
complete 


:Wait 
for 
status 
byte 
input 


;Get 
IHTI st .•tus 


;Save 
status 
in 
8 
;Check 
for 
byte 
in 
;If 
not, 
just 
try 
aqai" 
;Take 
control 
sync 


;Wait 
for 
TCI false 


;wait 
for 
TCI 


;Get 
task 
complete 
int,etc. 


;Mask 
it 


;wa i t 
fo r task 
to 
be 
complete 


;Get 
serial 
ee i r 
status 
byte 
:Store 
it 
in 
buffer 


;Incr 
pointer 
;Talk 
only 
for 
controller 


1 


;A 
XOR A -B 
;Immeditate 
XEQ 
PON 


;CL. 
LA 
;Go on 
to 
next 
device 
on 
list 


;Serial 
poll 
efisable 
;We know 
BO was 
set 
(WAITO above) 


;Get 
Intl 
status 
:Check 
for 
byte 
out 
;If 
not, 
try 
aqain 


;A XORA ." 
;Immediate 
XEQ PON to 
clear 
LA 


231324-40 


3-140 


intJ 
AP·66 


12A3 
3E3F 
12A5 
0360 


12A7 
7£ 
12A8 
F£20 
12"A 
F"0812 
12AO FE3F 
12"F 
"20812 


12B2 
OB61 
12B4 
E602 
12B6 
CAB212 
12B9 
7E 
12B" 
0350 


12BC 
0861 
128E 
E602 
12CA C"OC12 
12C3 
lE05 
12C5 
CH0 


12C7 
0861 
12C9 
E~92 
12Cd 
CAC712 
12CE 
lA 
12CF 
FHO 
1201 
0360 
1203 
21 
1204 
13 
1205 
C3"712 


1208 
OB61 
120" 
£692 
120C 
CA0812 
120. 
C9 


12E0 
3E3F 
12E2 
0360 


12£4 
7£ 
12£5 
F£20 
12£7 
FAP012 
12E" 
FE3F 
12EC 
F2P012 


12EF 
0861 
12Fl 
£602 
12F3 
CAEF12 


785 
78~ 
787 
INPUTS: 
788 
789 
790 
791 
792 
793 
794 
PEN: 
795 
795 
PPEN1: 
797+ 
798+ 
799+ 
800+ 
831+ 
892+ 
803+ 
804+ 
805+ 
806+ 
807 
808+ 170 0 4 0: 
809+ 
810+ 
811 
812 
813 
814+179941 
: 
815+ 
816+ 
817 
818 
819 
829+1'''''42: 
821+ 
822+ 
823 
824 
825 
826 
827 
828 
829 
PPEN2: 
830.,10"43 
: 
831+ 
832+ 
833 
834 
; 
835 
;P"R"LLEL 
POLL DISABLE 
~OU'rr~E 
836 
; 
837 
; INPUTS: 
838 
;OUTPUTS: 
839 
;CALLS: 
840 
; DESTROYS: 
841 
; 
842 
PPOS: 
843 
844 
PPOS1: 
845+ 
846+ 
847+ 
848+ 
849+ 
859+ 
851+ 
852+ 
853+ 
854+ 
855 
856+179044 
: 
857+ 
858+ 


PARALLEL 
POLL 
ENABLE 
ROU'UNE 


OUTPu'rs: 
CALLS: 
DESTROYS: 


Ht listener 
list 
OE 
confiquration 
None 
None 
A, 
DE, 
HL, 
F 


A,UNL 
oour 
2f1H,)EH,PPEN2 
;Check 
for 
valid 
listener 
:Chftcks 
for 
value 
in 
range 
;branches 
to 
label 
if 
not 
;In 
ran~e. 
Falls 
throut"Jh 
If 
; lower 
(:: 
( 
(H) CL) 
) 
<= 
upper. 
;Get 
next 
byte. 


MVI 
OUT 
RANG£ 


MOV 
CPI 
J" 
CPI 
JP 
'~AITO 
IN 
A~I 
JZ 
MOV 
OUT 
'..•."ITO 
IN 
ANI 
JZ 
MVI 
our 
WAITO 
IN 
MU 
JZ 
LDAX 
ORI 
OUT 
INX 
INX 
JMP 
WAITO 
IN 
ANI 
JZ 
RET 


A,M 
2AH 
PPEN2 
3EH+l 
PPEN2 


INT1 
BOM 


??004A 
A,M 
00 UT 


INn 
80" 
1'''''41 
A,PPC 
00 UT 


INT1 
OOM 


??A9J42 
o 
PPE 
00 UT 
H 
o 
PPENl 


INT1 
80"1 
170343 


pointer 
byte 
pointer 


;Universal 
un l Let-en 


iValid 
wait 
91 
data 
;Get 
lntl 
status 
;Check 
for 
hyte 
out 
;If 
not, 
try 
again 


;Get 
1istener 


out 
r eq 


;Get 
tntl 
status 
;Chec.Jc. for 
byte 
out 
;If 
n~t, try 
again 


r ee rei t er 
poll 
confiqure 


;Get 
Int} 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 
;Get 
matchin'l 
configuration 
byte 
;~erge 
with 
parallel 
poll 
enable 


r Lne r pointers 


;Loop 
until 
invalit1 
listener 
char 


;Get 
Intl 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 


HL 
listener 
list 
pointer 
None 
None 
A, 
HL, 
F 


-A,UNL 
DQUT 


20H, 
3£H, 
PPDS2 
;Check 
for 
val id 
listener 
;Checks 
for 
value 
in 
range 
;branches 
to 
label 
if 
not 
;in 
range. 
Falls 
throuqh 
if 
; lower 
<- 
( 
Ut) 
(L) 
) 
<= 
upper. 
;Get 
next 
byte. 


,WI 
our 
RANGE 


MOV 
CPI 
J~ 
CPI 
JP 
WAITO 
IN 
A~I 
JZ· 


A,M 
20H 
PPOS2 
3EH+1 
PPOS2 


IN'rl 
BO"l 
??9844 


;Universal 
unlisten 


;Get 
Intl 
status 
; Check 
for 
byte 
out 
;If 
nc t; , 
try 
aqain 
231324-41 


3-141 


• 


AP-66 


12F6 
7E 
12F7 
03~ft 
12F9 
23 
12FA 
C3E412 


12FO 
0661 
12~F F.~n 
1381 
CAF012 
1304 
3E95 
139~ 
0359 


1308 
0861 
13M 
E502 
13BC 
CAB813 
138P 
3£70 
1311 
0358 


1313 
0861 
1315 
E692 
1317 
CA1313 
lllA 
C9 


lll8 
3E15 
1310 
0368 


131F 
0661 
1321 
£682 
1323 
CAIF13 
1326 
C9 


1327 
3E40 
1329 
0364 


1328 
AF 
132C 
0365 
132£ 
3£F5 
1338 
0359 


1332 
0861 
1334 
47 
1335 
E601 
1337 
CA3213 
133" 
3E89 


133C 
0364 


133£ 
AF 
133F 
0365 
1341 
0850 
1343 
C9 


659 
~OV 
809 
OUT 
8~1 
INX 
862 
J~P 
8~3 
PPOS2: 
WAITO 
8~4+??B:"4S: 
IN 
81)5+ 
ANI 
85ti+ 
.JZ 
8q 
~VI 
808 
our 
859 
""AlTO 
879+119346: 
IN 
871+ 
ANI 
872+ 
JZ 
R73 
MVI 
874 
OUT 
875 
WAITO 
R7~+11994 
7: 
IN 
877+ 
·ANI 
878+ 
JZ 
879 
RET 
880 
881 
I 


882 
883 
, 


884 
; INPUTS: 
885 
; OUTPUTS: 
886 
,CALLS: 


881 
; DESTROYS: 
888 
, 


889 
PPUN: 
890 
891 
892+110048: 
893+ 
894+ 
895 
895 
, 
8~1 ,_.-•••••_-_._--••••••_._.__•• 
._••••_••••••••_._ 


898 
899 
:CONDUCT 
A 
PARALLEL 
POLL 
990 
901 
902 
993 
994 
995 
996 
987 
988 
PPOL: 
989 
918 
911+ 
912 
913 
914 
915 
916+118349: 
917+ 
918+ 
919+ 
928 
921 
922 
923+ 
924 
925 
926 
927 
928 
929 
PASS 
CONTROL ROU'rINE 
938 
931 
INPu'rs: 
932 
our surs 
, 


: INPUTS: 
,OUTPUTS: 
;CALLS: 
:DESTROYS: 
:RETURNS: 


A,M 
DQUT 


H 
PPDSl 


INTl 
80~ 


??C!Jft4C; 
A,PPC 
DOUT 


IHTl 
80~ 
118946 
A,PPD 
OOUT 


INTl 
80~ 
?19"47 


;Get 
11stener 


;Iner 
pointer 
;Loop 
until 
invalid 
listener 


:Get 
lntl 
st8tus 
;Check 
tor 
hyte 
out 
;If 
not, 
try 
aqai" 
;Parallel 
poll 
confiqure 


sce t 
Intl 
status 
; Check 
for 
byte 
out 
;If 
not, 
try 
aqai" 
;Parallel 
poll 
disable 


;Get 
Intl 
status 
:Check 
for 
byte 
out 


;If 
not, 
try 
again 


PARALLEL POLL UNCO"FIGURE 
ALL ROUTINE 


None 
None 
None 
A, 
F 


.'VI 
our 
WAITO 
IN 
ANI 
JZ 
RET 


A,PPU 
OOUT 


INTl 
ROM 
719948 


;Parallel 
poll 
unconfiqure 


;Get 
lntl 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 


poll 
status 
byte 


;Listen 
only 


;Immediate 
XEO 
PON 
;A. 
XOR A 
='" 
;Reset 
TO~ 
;Execute 
parallel 
poll 


;Wait 
for 
completion= 
RI 
on 
91 
;Get 
INTl 
stAtus 
;Save 
status 
in 
B 
;Check 
for 
byte 
in 
;If 
not, 
just 
try 
aqain 
;Talk 
only 
I 


None 
None 
None 


A, 
R, 
.' 


A= pantllel 


"IVI 
our 
CLRA 
XRA 
OUT 
"IVI 
OUT 
WAITI 
IN 
MOV 
ANI 
JZ 
MVI 
OUT 
CLRA 
XRA 
OUT 
IN 
RET 


A,LON 
A1JR"IO 


A 
AUXMO 
A,EXPP 
CM092 


INTI 
B,A 
BIM 
118949 
A, TO'" 
ADRMO 


A 
AUX"'D 
DIN 


; Immediate 
XEO 
PON 
;A 
XOR 
A 
:aB 
;Reset 
LO~ 
;Get 
pp byte 


•••••••••• 
111I111I. 
* ••••• 
* ••• 
*111I** .** 
**. 
*. 
***** 
* •• * •• 


HL 
pointer 
to 
tAlker 
None 
231324-42 


3-142 


inter 
AP·66 


1344 
7E 
1345 
FE48 
1347 
FA8A13 
134A 
FE5F 
134C 
1'28 •••13 
134F 
FE41 
1351 
CMA13 
1354 
0368 


1356 
OB61 
1358 
E6e 2 
135A 
CA5613 
1350 
3E89 
135F 
DH8 


1361 
0961 
13~3 
E692 
13~5 
CA6113 
1368 
3E81 
136A 
0364 


136C 
AF 
1360 
0365 
135F 
3E81 
1371 
0366 
1373 
3EAl 
1375 
DH5 


1377 
3EFl 
1379 
0369 


1378 
DBH 
1370 
E602 
137F 
C27813 


1392 
D86F 
1384 
E602 
1385 
CM213 
1389 
23 
13BA 
C9 


1388 
0951 
13BD 
E6B8 
13BF 
CACF13 
1392 
0865 
1394 
FE09 


. 933 
;CALLS: 
934 
,DESTROYS: 
935 
PCTL: 
RANGE 
936+ 
937+ 
93B+ 
939+ 
949+ 
941+ 
942+ 
943+ 
944+ 
945+ 
946 
947 
948 
949 
958+119"59: 
951+ 
952+ 
953 
954 
955 
956+118851: 
957+ 
958+ 
959 
969 
951 
9~2+ 
963 
964 
965 
966 
967 
968 
9~9 
978 
971 
972+?10"52: 
973+ 
974+ 
975 
91fi+??0R53: 
977+ 
978+ 
979 
9S8 
PCTLl: 
9Bl 
9B2 
, 
993 
;***********.*.* 
•••• ********.*** 
••*******. 
984 
985 
,RECEIVE 
CONTROL ROUTINE 
986 
9B7 
9BB 
9B9 
998 
991 
992 
993 
,NOTE: 
994 
995 
996 
, 
997 
99B 
999 
1000 
; 
1931 
RCTL: 
1882 
1883 
1984 
1885 


MOV 
CPI 


J,1It 
CPI 
JP 
CPI 
JZ 
OUT 
WAITO 
IN 
ANI 
JZ 
,",VI 
our 
WAITO 
IN 
ANI 
JZ 
!'!VI 
OUT 
CLRA 
XRA 
A 
;A 
XOR 
A 
zR 
OUT 
AUXfIIID 
;Immediate 
xso 
PON 


.•••Vl 
",MDA 
;My device 
address 
OUT 
"DRRl 
:enabled 
to 
talk 
and 
listen 
MVI 
A,AXR8+CPTEIII 
;Command pass 
thru 
enable 
OUT 
AUXMD 
:*******optional 
pp 
configuration 
goes 
here-- •••• _. 
,..VI 
A,GIDL 
;92 
go 
idle 
command 
our 
CMD92 
WAITX 
IN 
ANI 
JNZ 
WAITT 
IN 
ANI 
JZ 
INX 
RET 


, 
; INPUTS: 
;OU'fPUTS: 
;CALLS: 
,DESTROYS: 
;RETURNS: 


None 
A, 
HL, 
F 
40H,SEH,PCTLl 
r r s 
it 
a valid 
talker 
;Checks 
for 
value 
in 
ranqe 
,branches 
to 
la~el 
if 
not 
;In 
ranqe. 
Falls 
throuqh 
if 
s Lower 
c= 
( 
(H) 
(L) 
) <- 
upper. 
;Get 
next 
byte. 
A,M 
4BH 
PCTLl 
5EH+! 
PCTLl 
MTA 
PCTLl 
DOUT 


;Is 
it 
my talker 
addre"ss 
;Yes, 
just 
return 
;Send 
on GPIB 


INTl 
BO•• 
?78B5~ 
A,TCT 
00 UT 


;Get 
Intl 
status 
;Check 
for 
byte 
out 
;If 
not, 
try 
again 
;Take 
control 
e es see e 


INn 
BO•• 
1?A3Sl 
A,MODEl 
ADR"O 


;Get 
tntl 
status 
;Check 
for 
bvt e out 
;If 
not, 
try 
again 
;Not 
talk 
only 
or 
listen 
only 
;Enable 
91 adrlress 
mode 
1 


PRTF 
TCIF 
1?9952 


PRTF 
TCIF 
??B053 
H 


;Wait 
for 
TCI 
;Get 
task 
complete 
Int,etc. 
;Mask 
it 
;Wait 
for 
task 
to 
be 
complete 


None 
None 
None 
A, 
F 
9= 
invalid 
(not 
take 
control 
to 
us 
or 
cP'r 
bit 
not 
on) 
< > 8 
E valid 
take 
control-- 
92 
will 
now be 
in 
control 
THIS 
CODE MUST BE TIG~TLY 
INTEGRATED 
I~TO 
ANY USEq 
SOFTWARE THA'r FUNCTIONS 
WITH THE ~291 
AS 
"DEVICE. 
NOR~ALLY 
SO~E 
ADVA~CE 
WARNINGOF 
IMPENDI~G 
PASS 
COt.lTROL 
SHOULD 
BE 
GIVE'" 
ro 
US 
tiY 
"rHE 
CONTROLLER 
WITH OTHER USEFUL 
INFO. 
TRIS 
PROTOCOL IS 
SITUATION 
SPECIFIC 
AND WILL NOT BE COVERED HERE. 


IN 
ANI 
JZ 
IN 
CPI 


INTl 
CPT 
RC'fL2 
CPTRG 
TC'r 


Get 
INTl 
rery r t 
c e , 
CPT etc.) 
Is 
command pass 
thru 
on 
? 
No, 
invalid-- 
go 
return 
Get 
command 
I~ 
it 
take 
control? 


231324-43 
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• 
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139~ 
C2CA13 
1399 
08'4 
139B 
E602 
1390 
CACA13 
1311~ 3£68 
13A2 
03~~ 
13114 3E89 
13116 nH4 


13A8 AF, 
13119 0361 
13A8 
03~2 
13AO 0365 
13AF 3£FA 
1381 
OH9 
1383 
3EBF 
1385 
n3~5 


1387 
08~F 
1389 
£602 
13d8 
C2a713 


13dE 
086F 
13C0 
E"~2 
13C2 
CAHE13 
13C5 
3E89 
13C7 
C3CF13 
13CA 3£8F 
13CC 
D365 


13CE !IF 
13CF 
C9 


130e 
OR69 
1302 
E620 
1304 
CAE213 
1307 
F608 
1309 
0369 
130B 
0869 
1300 
£602 
130F 
CAOB13 
13E2 C9 


13£3 
3EF8 
13E5 
0369 


13£7 
DBf\F 
13E9 
E682 
13EB C2E713 


13E£ 
086F 
13FB 
E~B2 
13F2 
CAE£13 


199' 
1087 
1098 
1889 
1818 
1811 
1812 
lAl3 
1014 
1015+ 
1816 
1017 
lA18 
1019 
1029 
1821 
lA22 
1823 
1824 
1825+??8854 
: 
1926+ 
1027+ 
1828 
1029+??0~55: 
1038+ 
1931+ 
1032 
lAB 
1034 
RCTL1: 
1935 
1836 
1837+ 
1038 
RCTL2: 
1039 
; 
104A 
;** •• ****************.*****.* 
••• **** 
•• ************ 
1841 
1042 
H43 
1044 
1045 
1046 
1047 
1048 
1849 
1050 
1851 
SROO: 
1052 
1853 
1054 
1055 
1855 
SR001: 
1057 
1058 
1859 
SR002: 
196'<' 
; 
1061 
; •• *** ***** 
*** •• ** ******* 
**** 
**** 
** .********. 
10'2 
; 
1063 
;RE}lltOTE 
ENABLE 
ROUTINE 
1064 
lA65 
1866 
1067 
1868 
1069 
1070 
RE~E: 
1071 
1072 
1973+??005':;: 
1074+ 
1075+ 
1876 
1077+??0857: 
1078+ 
1879+ 


JNZ 
I~ 
'~I 
,1Z 


'1VI 
our 
MVI 


OUT 
CL"A 


XRA. 
"- 
on 
INTl 
our 
INT2 
OUT 
AUXMD 


MVI 
"', 
TCN'rR 
our 
C~092 
MVI 
A, VSCi'1D 
our 
AUX!'4D 
; ******** 
optional 
TOUTl 


'I'IAITX 
IN 
"!'Ill 
JNZ 
WAITT 
IN 
ANI 
JZ 
MVI 
J~P 
MVI 
OUT 
CLRA 
XR.I\ 
RET 


; 
; IN'PU'rS: 
;OO'rpUTS: 
;CALLS; 
;RETURNS: 


; 
;INPUTS: 
;our surs , 
;CALLS: 
;DESTROYS: 


RCTLl 
AORC:;T 
TA 
RCTLl 
A,OTOLl 
IIORAl 
A,TON 
"OR""" 


PH.TF 
TCIF 
??a054 


PRTF 
TCIF 
??A~5~ 
A,TCT 
RC'rL2 
A,VSCMD 
AUX:"ID 


SRO 
RQUTIlrrIt 


None 
None 
xone 
10.= 
0 no 


A 
< 
> 
" 


IN 
ANI 
JZ 
ORI 
our 
IN 
ANI 
JZ 
RET 


INTST 
SRO~T 
SHOD2 
lACK 
CMD92 
IHTST 
IBFBT 
SROOl 


;NO, 
qo 
return 
inv~lid 
;Get 
ada r ess st et us 
; Is 
TA. on 
? 
;No 
-- 
qo 
return 
invalid 
;DiR8hle 
talker 
1 istener 


None 
None 
NO~E 
A, F 


MVI 
OUT 
wAI'rX 
IN 
IINI 
JNZ 
"AITT 
IN 
ANI 
JZ 


A.,SREM. 
CM092 


PRTF 
TCIF 
??A3S&; 


PRTF 
TCIF 
??A~57 


1Talk 
only 


; A 
XOR 
A 
38 
;Mask 
off 
I~T 
hits 


;T"ke 
(receive) 
control 
92 
command 


:valit1 
col'ftmanoi pe t t.e r n 
for 
91 


check 
could 
he 
put 
here 
******** 


;Wait 
for 
TCI 
:Get 
task 
complete 
int,etc. 
;Mask 
it 
;Wait 
for 
task 
to 
be 
complete 
;Valirl 
return 
pattern 
;Only 
one 
return 
per 
routine 
:Acknowledqe 
CPT 


;Error 
return 
pattern 
;A 
XOR A 
=3 


SR!) 


SRQ 
oe cur ed 


;Get 
92's 
I~TRQ 
stllltus 
;~ask 
off 
SRQ 
;Not 
set--- 
go 
return 
;Set--- 
must 
clear 
it 
with 
lACK 


;Get 
18F 
:Mask 
it 
;W .• i t 
if 
not set 


, 


; 92 
asserts 
remote 
enable 
;Wait 
for 
TCI 
• 
A 


Wait 
for 
TCI 
Get 
task 
complete 
int,etc. 
M:ask 
it 
Wait 
fo r task 
to 
be 
compI ete 
231324-44 
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lJF5 
C9 


lJF6 
3£F7 


lJF8 
0369 


lJFA 
DB6F 


13FC 
£.632 
lJ;'£ 
C2FA13 


1491 
D8fiF 


1403 
£692 


1495 
CA9114 
149B 
C9 


1409 
3£F9 


14e~ 
DH9 


l40D 
D8(;F 
14eF 
E~02 


1411 
C20D14 


1414 
D8fiF 


1416 
£602 


1418 
CA1414 


1418 
C9 


1083 
1981 
1882 
; •••••• 
_--_._ 
••• 
_•• _ •••••••• 
_••••• 
_.-._ 
•••• 
IBA3 
, 
1984 
,LOCAL ROUTI~£ 
1085 
1986 
lA87 
198A 
1989 
1090 
1091 
1.92 
LOCL. 


1993 
1.94 
1995+118958: 
1096+ 
1097+ 
1098 
IB99+'??A~59; 
1190+ 
1101+ 
1102 
1193 
1184 
: • __ •• _•••••••••••••• 
* •••• *- ••• - •• _•••• __••••• - 


1195 
1101; 
; I~TEHFACf. 
CLEAR 
/ 
ARonT 
RDu'rINE 
11.7 
1108 
1109 
1119 
1111 
1112 
1113 
Ill' 
1115 
IFCL. 
MVI 
1116 
OUT 
1117 
WAITX 
1118+??A~Hi9: 
IN 
PRTF 
1119+ 
ANI 
TCIF 
1129+ 
JNZ 
??A~ 
Fig 
1121 
WAITT 
:~ait 
for 
TCI 
1122+??98~l; 
IN 
PRTF 
;Get 
task 
co~plete 
int,etc. 
1123+ 
ANI 
TCIF 
;MaSk 
it 
1124+ 
JZ 
??n~~l 
:Wait 
for 
task 
to 
be 
complete 
1125 
;Delete 
both 
~AITX , WAITT 
if 
this 
routine 
112~ 
lis 
to 
be called 
while 
the 
9292 
is 
1127 
;Controller-in-Charqe. 
If 
not 
C.I.C. 
then 
1128 
;TeI 
Is 
set, 
else 
nothing 
is 
set 
(IFe 
is 
sent) 
1129 
: and 
the 
WAIT'S 
wi 11 
hanq 
fo rever 


113B 
R£T 


1132 


, 


;INPU'1'S: 
;OUTPUTS: 
,CALLS. 
;DESTROYS: 


, 
; INPU'rS: 
;Ou'rpUTS: 
:CALLS: 
:OESTROYS: 


RET 


None 
None 
None 
A., 
F 


~VI 
OUT 
"AITX 
IN 
A~I 
JNZ 
wAIT'r 
IN 
ANI 
JZ 
R£T 


A, SLOe 
C~D92 


PHTF 
TCIF 
1?0~~R 


PRTF 
TCIF 
??9"59 


A,A80RT 
CMD92 


;92 
stops 
assertinq 
remote 
enable 
;Wait 
for 
TCI 
." 


;Wa it 
for 
TCI 
:Get 
task 
complete 
int,etc. 


,Mask 
it 


;Wa i t 
for 
task 
to 
be 
complete 


None 
None 
None 
A, 
F 


;Send 
IFC 


;Wait 
for 
TCI 
::sA 


231324-45 
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1133 
; APPLIC"'TIO~ 
EXAhtPLF. 
CODe 
FOH 
8.8~ 
1134 
00]2 
lll5 
FeO"'L 
EOU 
'2 ' 
;Fune 
qen 
device 
num 
·2- 
ASCI I, Istn 
BAJl 
113(1 
.'CDNL 
EQU 
'I' 
;Freq 
ctr 
device 
num 
-1- 
"~CtI,lstn 
0051 
1137 
FCDNT 
EOll 
'0' 
;Freq 
ctr 
talk 
address 
0900 
11]8 
CR 
EOU 
OD" 
;ASCII 
carriaqe 
return 
903A 
11]9 
LF 
EQU 
AAH 
,ASCII 
line 
feed 
00~'F 
1140 
LEND 
EOU 
OHH 
;List 
end 
for 
Talk/Listen 
lists 
0340 
1141 
SRO~ 
EOU 
4AH 
,Bit 
inrHcatinq 
dev ic e sent 
SRO 
1142 , 
141C 
4555Jl4fi 
114] 
!-'GDA1'A: 
DB 
'FUIFR)7KHA"'2VO' 
,CR 
;Data 
to set 
up 
f une , 
qen 
1420 
52333748 
1424 
48414032 
1428 
554F 
142" 
OD 
AUF 
1144 
LI~1 
EQU 
15 
;Buffer 
lenqth 
1428 
50453447 
1145 
FCDATA: 
DB 
'PF4G7T' 
;Data 
to 
set 
up freq 
ctr 
142F 
3754 
0005 
1146 
LI~2 
EOU 
fi 
:Buffer 
lenqth 
1431 
31 
1147 
LLl : 
08 
FCDNL, 
LEND 
;Listen 
11~t 
for 
freq 
ctr 
1432 
FF 
1433 
32 
1148 
LL2: 
DB 
FGDNL, 
LEND 
: Lt sten 
list 
for 
tunc. 
~en 
1434 
FF 
1435 
51 
1149 
TLl: 
08 
FCDNT, LE~D 
;'ralk 
list 
for 
freq 
ctr 
14H 
FF 
1150 
1151 
,SETUP 
FUNCTION 
GENERATOR 
1437 
3500 
1152 
MVI 
B,eR 
;£05 
1439 
0EOF 
1153 
!I1VI 
C,LI"'! 
;Count 
1438 
l11C14 
1154 
LXI 
0, FGOAT-' 
;Data 
pointer 
143E 
213314 
1155 
LXI 
H,LL2 
;Listen 
list 
pointer 


1441 
CD1C10 
1156 
CALL 
SEND 
1157 
1158 
;SETUP 
FRE(l COU~TER 
ll59 
1444 
B~54 
1160 
~VI 
8, 'T' 
, EOS 
lUfi 
0E05 
11fil 
MVI 
C, 
LtJlt2 
:Count 
1448 
112a14 
1162 
LXI 
0, FCDATA 
;Data 
pointer 
1448 
213114 
1163 
LXI 
H,LLl 
:Listen 
1ist 
pointer 
144E 
C01C18 
ll64 
CALL 
SF-NO 
11~5 , 
1166 
;WAIT 
FOR 
S~Q 
FROM FREO CTR 
ll57 
1451 
COD913 
1168 
LOOP: 
CALL 
SRQO 
;Has 
S::tO occurred? 
1454 
CAS114 
1169 
JZ 
LOOP 
;No, 
wait 
for 
It 
ll78 , 
1171 
;SE~I"L POLL TO 
CLEAR 
SRQ 
1172 
1457 
ll083C 
1173 
LXI 
D.SP8YTE 
:Huffer 
pointer 
145A 
213514 
1174 
LXI 
H,TLl 
:Talk 
list 
po inter 
1450 
C01C12 
1175 
CALL 
SPOL 
1460 
lB 
1176 
DCX 
0 
;Backup 
buf fe r 
pointer 
to 
etr 
byte 
1461 
lA 
1177 
LDAX 
0 
;Get 
status 
byte 


1462 
E540 
1178 
"NI 
SRQM 
;Dld 
etr 
assert 
SRQ 
? 
1464 
CA7714 
ll79 
JZ 
ERROR 
;etr 
shouln 
have 
s e Ld 
yes 
1180 
1181 
:RECEIVE 
READING 
FROM 
COUNTER 
1182 
1467 
860A 
1183 
'IVI 
B, LF 
;£OS 
1469 
ae ii 
1184 
~VI 
C, LI~3 
;Count 
1468 
213514 
ll85 
LXI 
H,TLl 
:Talk 
list 
pointer 
14fiE 
11013C 
llM 
LXI 
0, FCDATI 
;Oat .• 
In 
buffer 
pointer 
1471 
CD9F10 
1187 
CALL 
RECV 


1474 
C27714 
118A 
JNZ 
ERROR 
1189 , 
119A ;_. __ ._. 
rest 
of 
user 
processing 
qoes 
here 
._*a. 
1191 
1192 
; 
1477 
80 
1193 
ERROR: 
NOP 
;User 
dependant 
error 
handlinq 
ll94 
ETC, 
3C00 
1195 
ORG 
]c08H 
3C80 
119~ 
SPBYTE: 
OS 
1 
; Location 
for 
serial 
poll 
byte 
B311 
1197 
LIM3 
EOU 
17 
;""ax 
freq 
counter 
input 
231324-46 


3-146 


inter 
AP-66 


3C01 
1198 
FCDA'l'I: 
DS 
LIM) 
i Freq 
etr 
input 
buffer 
1199 
E~D 


PUBLIC 
SYMBOLS 


E)(TER"'AL 
SYM!!OLS 


U5EH 
Sy:••t:lOLS 
A801~T 
A. "~F9 
AOIUB 
A 'l"'''''' 
I\Ott .••o 
A 
B~'i4 
ADHST 
A 
A""4 
AUX"'O ,IHIIlIi 
.l\X~"" ,"RfJIJ 
AX~B 
A 
AA .••" 
~I"" 
/It. """1 
••or 
• IH"H 
80" 
••."~!\2 
~USST 
A 
CIIAC;R 
CAHey 
A A,,'n 
CLK~'r 
A "'''''1 
elM ••• 
+ :'''~7 
CLHs'r 
A 
891'19 
Clol092 
A ""';9 
CPT 
•• 
"A!I!~ 
CPTE'" 
A 
IIIjII'-'l 
CPTRG 
A 
"R-;-; 
CR 
A 
~A'lT) 
DCL 
A ""14 
oct,n 
A 
llEC 
OCLRl 
A 
Ut"" 
DC LH. 2 
A 
12"9 
01_ 
,A~t;,. 
(lOUT 
A IH'"'' 
DTOlI 
A RI'''!' 
OTDL2 
A 
""Poa 
t:Dt:OS 
A. 0984 
I:':NJ.)'otK ,B(Urt 
EOIS 
., 
0!11~e 
EOIST 
" 
~1lI2" 
Ens'l 
A 
A(J'n 
ERFLG 
A 
1.'p'r;R 
EH~'" ,IH,f;R 
ERROR 
A 
1477 
EVdIT 
A 
,':H(l 
f'~VCST 
A I'-HH;~ 
:::VREG 
A 
AMet 
EXPP 
A 
"91'5 
FCDATA • 
1.d1~ 
FCDATI 
A 
3C9Jl 
l"CDNL 
A 
"031 
FCDNr 
A 
91"51 
FGOATA , I"IC 
FGf')'IL 
A 
AA)2 
FNIiSK 
.. ""!Ill 
G£T 
A ~!\!HI 
GIOt 
A 
0AFl 
GSt:C 
A 
00F4 
GTSij 
A ""r5 
~OE~D 
A """2 
HOIiSI( 
A 
AI'!?JI 
lACK 
A 
AQ,e 
IBFBT 
A 
!Hl1't2 
rarF 
A eUR 
rFCL 
A 
1499 
r~IT 
A 
Ht0A 
[~Tl 
A 
091"1 
I~T2 
A 
"""2 
I~T~ 
• 
11I1A" 
I~T"41 
A 
It:1o;1 
IfIIT"R 
A 
In';8 
HI'rST 
A 
~0~9 
LA 
A 
"IUH 
LEND 
,., AfIIFF 
Lr 
A 
A""'A 
Lt"'! 1 
A ",,~p 
LVl{2 
A 
rHH'" 
Lt"3 
A 
311I11 
LLl 
A 
1431 
LL2 
A 
1433 
LOCL 
• 
13F~ 
LO_ 
A 
"'''49 
LOOP 
.. }4q 
"OA 
A 
~f1"1 
'LA 
A 
""'1 
fII!ot.)DEl 
A 
A""I 
'TA 
A 
aa41 
~VC""[) 
It,. "''''17 
08FF 
A ~,,~s 
PCTL 
• 1311., 
PCTL1 
A 
ll@A 
PPC 
A '''''5 
PPD 
A ",nil 
PPDS 
A 
12r.:0 
PP;)SI 
A 
12E" 
PPOS2 
A 
12FO 
PPE 
A ""~!1 
PPE'" 
A 
170\3 
PPf."" 
I 
A 
12A7 
PPE:""2 
A 
1208 
PPOL 
A 
1327 
PPU 
A 
9A15 
PP1JN 
A 
131R 
PRT91 
A 
q~'l91 
pH.'r9:i1 
A 
"At;'! 
PRTf 
A 
'''''iF 
K.'NG& 
+ 
8~0S 
Iot~ST 
A 
,,"£7 
RCST 
A 
(H'Et; 
t1CTL 
• 
13qe 
Rt.::1'L1 • 
DCA 
RCTL2 
A 
llCF 
RECV 
A 
lAqF 
HECVl 
A 
USA 
RECV2 
A 
HAS 
HECV3 
., 
U"'i 
RECV" 
A 
111P 
1(r.CVO; .. 
1117 
RECV'i 
A 
1139 
RF:"'E 
A 
13P.3 
Ht:H~' 
A 
AflE4 
RER'" 
A 
IB'E:A 
REVC 
A 
A0E3 
RI~'" 
A ""E5 
~S~T 
A 
~~F2 
1-lSTI 
A 
IHtr3 
arour 
A 
911I£9 
sosor 
A 808/i 
SEND 
A Hnc 
SE!'IOI 
• 
102£ 
SE~D2 
A 
lA47 
SF-IOjD3 
A 
lAllq 
SENn4 
• unA 
SP.~05 
• 
lA7F 
SEIOjD6 
A 
1989 
5E1'F 
+ 
iUHl:' 
SLOC 
A 
~"F7 
spaY'rr. 
"- 
3CA" 
SPCNI 
A 
(l~FA 
SPO 
A 
111119 
SP!:: 
A "IH8 
5PIF 
A """4 
SPOL ,121C 
SPOL1 
A 
1210 
C;POL2 
A 
11.94 
SQE"4 
A 
"AF~ 
Sq08T 
A 
iliA'" 
SR:Or> 
A 
1309 
SI1QOl 
A 
l30B 
5111)02 
.. 
13E2 
S~OM 
A. ,,"4lJ 
~TCIoII 
A 
B"'PF: 
TA 
A 
"!lI~2 
'rc,sy 
A 
"~FC 
'i'CIF 
• 
IHH~2 
reNTH 
A 
''''FA 
TCSY 
A ""FD 
'rCT 
A 
BRA9 
rt ; 
A 
14311) 
TL')~ 
A 
QACn 
'ro'" 
A 
""q(! 
TOREC 
• en'ie 
TOST 
A 
~0fif' 
rour i 
A 
PB"1 
TOIJT2 
A 
~AA2 
'rOUT) 
11, 
An~4 
THIG 
• 
IIRC 
TRIG1 
• 
llC~ 
TiHC2 
A 
1109 
UNL 
A 
"B3F 
V5C"D 
A Aa"f' 
wAITI 
+ 
:HtPl2 
',""ITO 
+ 
!lAnl 
""'ITT 
+ ;4~~4 
WAITX 
+ 
A!l~J 
"f.VC 
A 
A~f.2 
wou'r 
A 
Aat:l 
XF£i't 
A 
113A 
XFf.t-tl 
• 
1153 
)(f'f.~2 
A 
l1"C 
Xf'r.Fll 
., 
1193 
l(Ft:q., , 118rl 


.~SSEM8LY 
COI~PLE'fE. 
NO 
ERRORS 


i 
231324-47 


3-147 


AP-66 


APPENDIX 
B 


Test Cases for the Software 
Drivers 
Analyzer was used. This analyzer acted as a talker, lis- 
tener or another controller as needed to execute the 
The following test cases were used to exercise the soft- 
tests. The sequence of outputs are shown with each test. 


ware routines and to check their action. To provide 
All numbers are hexadecimal. 


another device/controller on the GPIB a ZT488 GPIB 


Send Test Cases 
8= 
44 
44 
44 
C= 
30 
2 
0 
DE= 
3EBO 
3EBO 
3EBO 
HL= 
3E70 
3E70 
3E70 
3E70: 
20 
30 
3E 
3F 
3EBO: 
11 
44 
GPI8 output: 
41 ATN 
41 ATN 
41 ATN 
3FATN 
3FATN 
3FATN 
20ATN 
20ATN 
20ATN 
30ATN 
30ATN 
30ATN 
3EATN 
3EATN 
3EATN 
11 
11 
44EOI 
44EOI 


Ending 8= 
44 
44 
44 
Ending C= 
2E 
0 
0 
Ending DE= 
3EB2 
3EB2 
3EBO 
Ending HL= 
3E73 
3E73 
3E73 


Receive Test Cases 
8= 
44 
44 
44 
44 
44 
44 
44 
C= 
30 
30 
30 
30 
4 
4 
0=2S6 
DE= 
3EBO 
3EBO 
3EBO 
3EBO 
3EBO 
3EBO 
3EBO 
HL= 
3E70 
3E70 
3E70 
3E70 
3E70 
3E70 
3E70 
3E70: 
40 
SO 
SE 
SF 
40 
40 
40 
GPI8 output: 
40ATN 
SOATN 
SEATN 
40ATN 
40ATN 
40ATN 
3FATN 
3FATN 
3FATN 
3FATN 
3FATN 
3FATN 
21 ATN 
21 ATN 
21 ATN 
21 ATN 
21 ATN 
21 ATN 
ZT4BB Data 
1 
1 
1 
1 
11 
1 
In 
2 
2 
2 
2 
22 
2 
3 
3 
3 
3 
33 
3 
4 
4 
44,EOI 
4 
44 
44 
44 
S,EOI 
Ending A 
0 
0 
0 
SF 
40 
0 
0 
Ending 8 
0 
0 
0 
44 
40 
0 
0 
EndingC 
28 
28 
2C 
30 
0 
0 
FC 
Ending DE= 
3EBS 
3EBS 
3EB4 
3EBO 
3EB4 
3EB4 
3EB4 
Ending HL= 
3E71 
3E71 
3E71 
3E70 
3E71 
3E71 
3E71 
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Serial Poll Test Cases 
C= 
30 
DE= 
3E80 
HL= 
3E70 
3E70: 
40 
50 
5E 
5F 


,GPIS output: 
3F ATN 
output: 
21 ATN 
output: 
18 ATN 
output: 
40 ATN 
input": 
00 
output: 
50 ATN 


input': 
41 
output: 
5E ATN 
input": 
7F 
output: 
19 ATN 


"NOTE: leave ZT488 in single step mode even on input 
Ending C .= 
30 
Ending DE= 
3E83 
Ending HL= 
3E73 
Ending 3E80: 
00 
41 
7F 


C= 
DE= 
HL= 
3E70: 


GPIS output: 


EndingC 
= 


Ending DE= 
Ending HL= 


30 
3E80 
3E70 
5F 
3FATN 
21 ATN 
18ATN 
19ATN 
30 
3E80 
3E70 


Pass Control Test Cases 
HL= 
3E70 
3E70 
3E70 
3E70: 
40 
41(MTA) 
5F 
GPIS output: 
40ATN 
09ATN 
-ATN 
Ending HL= 
3E71 
3E70 
3E70 
EndingA 
= 
02 
41(MTA) 
5F 


Receive Control Test Cases 
GPIS input 
10ATN 
40ATN 
41 ATN 
ATN 
09ATN 
09ATN 
Run Receive Control 
GPIS Input 
ATN 
ATN 
EndingA= 
0 
0 
09 
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Ending DE= 
Ending HL= 


Parallel Poll Disable Test Cases 
HL= 
3E70: 


GPIS output: 


Ending HL= 


Parallel Poll Unconfigure 
Test Case 
GPIB output: 
15 ATN 


"CO "'I !'I 
05ATN 
63ATN 
3E83 
3E73 


3E70 
20 
30 
3E 
3F 
3FATN 
20ATN 
30ATN 
3EATN 
05ATN 
70ATN 
3E73 


Parallel Poll Test Cases 
Set DIO# 
1 
2 
3 
4 
5 
6 
7 
8 
None 
Ending A 
1 
2 
4 
8 
10 
20 
40 
80 
0 


SRQTest 


Ending A = 
Set SRO momentarily 
02 
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3E80 
3E70 


3E70 
3F 
3FATN 
05ATN 
70ATN 


3E70 


ResetSRO 
00 


inter 
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Trigger Test 
HL= 
DE= 
SC= 
3E70: 
GPIS output: 


Ending HL= 
DE= 
SC= 


Device Clear Test 


XFERTest 


3E70 
3E80 
4430 
20 
30 
3E 
3F 
3FATN 
20ATN 
30ATN 
3EATN 
08ATN 
3E73 
3E80 
4430 


HL= 
DE= 
SC= 
3E70: 


GPIS output: 


Ending HL= 
DE= 
RC= 


S= 
HL= 
3E70: 


GPIS output: 


GPIS input: 


Ending A = 
S= 
HL = 
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3E70 
3E80 
4430 
20 
30 
3E 
3F 
3FATN 
20ATN 
30ATN 
3EATN 
14ATN 
3E73 
3E80 
4430 


44 
3E70: 
40 
20 
30 
3E 
3F 
40ATN 
3FATN 
20ATN 
30ATN 
3EATN 
o 
1 
2 
3 
44 
o 
44 
3E74 
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Application 
Example 
GPIB Output/Input 
GPIS output: 


GPIS input: 


GPIS output: 


41 ATN 
3FATN 
32ATN 
46 
55 
31 
46 
52 
33 
37 
4S 
48 
41 
40 
32 
56 
4F 
OOEOI 
41 ATN 
3FATN 
31 ATN 
50 
46 
34 
47 
37 
54EOI 
SRO 
3FATN 
21 ATN 
18ATN 
51 ATN 
40SRO 
19ATN 
51 ATN 
3FATN 
21 ATN 


GPIS input: 
GPIS output: 
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GPIB input: 


GPIB output: 
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20 
2B 
20 
20 
20 
33 
37 
30 
30 
30 
2E 
30 
45 
2B 
30 
OD 
OA 
XXATN 
• 
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APPENDIX 
C 


REMOTE 
MESSAGE 
CODING 


Bus Signal Llne(s) and 
Coding That Asserts 
the 
True Value of the Message 
C 
T 
I 
0 
0 
NN 


Y 
a 
I 
I ORO 
A 
E 
5 
I R 
P 
s 
0 
0 
AFA 
TOR 
F 
E 
Mnemonic 
Message 
Name 
e 
s 
8 
7 
6 5 
4 3 2 
1 
VOC 
N I Q C 
N 


ACG 
addressed 
command 
group 
M 
AC 
V 
0 
0 
0 
X 
X 
X 
X 
XXX 
1 
X 
X 
X 
X 
ATN 
attention 
U 
UC 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
1 
X 
X 
X 
X 
DAB 
data byte 
(Notes 1, 9) 
M 
DD 
D 
D 
D 
D 
D 
D 
D 
D 
XXX 
0 
X 
X 
X 
X 
8 
7 
6 
5 
4 
3 
2 
1 
DAC 
data accepted 
U 
HS 
X 
X 
X 
X 
X 
X 
X 
X 
XXO 
X 
X 
X 
X 
X 
DAV 
data valid 
U 
HS 
X 
X 
X 
X 
X 
X 
X 
X 
1XX 
X 
X 
X 
X 
X 
DCL 
device clear 
M 
UC 
V 
0 
0 
1 
0 
1 o 
0 
XXX 
1 
X 
X 
X 
X 
END 
end 
U 
ST 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
0 
1 
X 
X 
X 
EOS 
end of string 
(Notes 2,9) 
M 
DD 
E 
E 
E 
E 
E 
E 
E 
E 
XXX 
0 
X 
X 
X 
X 
8 
7 
6 
5 
4 
3 
2 
1 
GET 
group execute trigger 
M 
AC 
V 
0 
0 
0 
1 
0 o 
0 
XXX 
1 
X 
X 
X 
X 
GTL 
go to local 
M 
AC 
V 
0 
0 
0 
0 
0 
0 
1 
XXX 
1 
X 
X 
X 
X 
IDV 
identify 
U 
UC 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
X 
1 
X 
X 
X 
IFC 
interface 
clear 
U 
UC 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
X 
X 
X 
1 
X 
LAG 
listen address group 
M 
AD 
V 
0 
1 
X 
X 
X 
X 
X 
XXX 
1 
X 
X 
X 
X 
LLO 
local lock out 
M 
UC 
V 
0 
0 
1 
0 
0 
0 
1 
XXX 
1 
X 
X 
X 
X 
MLA 
my listen address 
(Note 3) 
M 
AD 
V 
0 
1 
L 
L 
L 
L 
L 
XXX 
1 
X 
X 
X 
X 
5 
4 
3 
2 
1 
MTA 
my talk address 
(Note 4) 
M 
AD 
V 
1 
0 
T 
T 
T 
T 
T 
XXX 
1 
X 
X 
X 
X 
5 
4 
3 
2 
1 
MSA 
my secondary 
address 
(Note 5) 
M 
SE 
V 
1 
1 
S 
S 
S 
S 
S 
XXX 
1 
X 
X 
X 
X 
5 
4 
3 
2 
1 
NUL 
null byte 
M 
DD o 
0 
0 
0 
0 
0 
0 
0 
XXX 
X 
X 
X 
X 
X 
OSA 
other secondary 
address 
M 
SE 
(OSA = SCG 1\ MSA) 
OTA 
other talk address 
M 
AD 
(OTA = TAG 
1\ MTA) 
PCG 
primary command 
group 
M - 
(PCG = ACG V UCG V LAG V TAG) 
PPC 
parallel poll configure 
M 
AC 
VOOO01 
0 
1 
XXX 
1 
X 
X 
X 
X 
PPE 
parallel poll enable 
(Note 6) 
M 
SE 
V 
1 
1 
OSPPPXXX1 
X 
X 
X 
X 


321 
PPD 
parallel poll disable 
(Note 7) 
M 
SE 
V 
1 
1 
1 
D 
D 
D 
D 
XXX 
1 
X 
X 
X 
X 


4 
321 
PPR1 
parallel poll response 
1 } 
(Note 10) 
U 
ST 
X 
X 
X 
X 
X 
X 
X 
1 
XXX 
1 
1 
X 
X 
X 
PPR2 
parallel poll response 
2 
U 
ST 
X 
X 
X 
X 
X 
X 
1 
X 
XXX 
1 
1 
X 
X 
X 
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REMOTE 
MESSAGE 
CODING 
(Continued) 


Bus Signal Line(s) and 
Coding That Asserts 
the 
True Value of the Message 
C 
T 
I 
0 
0 
NN 


Y 
a 
I 
I ORO A E S I R 
P 
s 
0 
0 
AFA 
T 0 
R 
F E 
Mnemonic 
Message 
Name 
e 
s 
8 
7 6 5 4 3 2 
1 VOC 
N I Q C N 


PPR3 
parallel poll response 
3 } 


U 
ST 
X 
X 
X 
X 
X 
1 
X 
X 
XXX 
1 
1 
X 
X 
X 
PPR4 
parallel poll response 
4 
(Note 10) 
U 
ST 
X 
X 
X 
X 
1 
X 
X 
X 
XXX 
1 
1 
X 
X 
X 
PPR5 
parallel poll response 
5 
U 
ST 
X 
X 
X 
1 
X 
X 
X 
X 
XXX 
1 
1 
X 
X 
X 
PPR6 
parallel poll response 
6 } 


U 
ST 
X 
X 
1 
X 
X 
X 
X 
X 
XXX 
1 
1 
X 
X 
X 
PPR7 
parallel poll response 
7 
(Note 10) 
U 
ST 
X 
1 
X 
X 
X 
X 
X 
X 
XXX 
1 
1 
X 
X 
X 
PPR8 
parallel poll response 
8 
U 
ST 
1 
X 
X 
X 
X 
X 
X 
X 
XXX 
1 
1 
X 
X 
X 
PPU 
parallel poll unconfigure 
M 
UC 
y 
0 o 
1 o 
1 
0 
1 
XXX 
1 
X 
X 
X 
X 
REN 
remote enable 
U 
UC 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
X 
X 
X 
X 
1 
RFD 
ready for data 
U 
HS 
X 
X 
X 
X 
X 
X 
X 
X 
XOX 
X 
X 
X 
X 
X 
RQS 
request service 
(Note 9) 
U 
ST 
X 
1 
X 
X 
X 
X 
X 
X 
XXX 
0 
X 
X 
X 
X 
SCG 
secondary 
command 
group 
M 
SE 
y 
1 
1 
X 
X 
X 
X 
X 
XXX 
,1 
X 
X 
X 
X 
SDC 
selected 
device clear 
M 
AC 
y 
0 
0 o 
0 
1 o 
0 
XXX 
1 
X 
X 
X 
X 
SPD 
serial poll disable 
M 
UC 
y 
0 o 
1 
1 
001 
XXX 
1 
X 
X 
X 
X 
SPE 
serial poll enable 
M 
UC 
y o 
0 '1 
1 o 0 
0 
XXX 
1 
X 
X 
X 
X 
SRQ 
service request 
U 
ST 
X 
X 
X 
X 
X 
X 
X 
X 
XXX 
X 
X 
1 
X 
X 
STS 
status byte 
(Notes 8, 9) 
M 
ST 
S 
X 
S 
S 
S 
S 
S 
S 
XXX 
0 
X 
X 
X 
X 
8 
6 
5 
4 
3 
2 
1 
TCT 
take control 
M 
AC 
y 
0 
001 
o 
0 
1 
XXX 
1 
X 
X 
X 
X 
TAG 
talk address group 
M 
AD 
Y 
1 
OXXXXX 
XXX 
1 
X 
X 
X 
X 
UCG 
universal command 
group 
M 
UC 
y 
0 o 
1 
X 
X 
X 
X 
XXX 
1 
X 
X 
X 
X 
UNL 
unlisten 
M 
AD 
Y 
0 
1 
1 
1 
1 
1 
1 
XXX 
1 
X 
X 
X 
X 
UNT 
untalk 
(Note 11) 
M 
AD 
Y 
1 o 
1 
1 
1 
1 
1 
XXX 
1 
X 
X 
X 
X 


The 
1/0 
codinq 
on ATN when 
sent concurrent 
wIth multihne 
messages 
has been 
added 
to this revrsion 
for Interpretive 
converuence. 


NOTES: 
1. D1-D8 specify the device dependent data bits, 
2. E1-E8 specify the device dependent code used to indi- 
cate the EOS message. 
3, L1-L5 specify the device dependent bits of the device's 
listen address, 
4. T1- T5 specify the device dependent bits of the device's 
talk address. 
5. 51-55 
specify the device dependent bits of the device's 
secondary address, 
6, S specifies the sense of the PPR. 
S 
Response 


o 
0 
1 
1 
P1-P3 specify the PPR message to be sent when a paral- 
lel poll is executed. 


P3 
P2 
P1 
PPR Message 
o 
o 
o 
PPR1 


1 
1 
1 
PPR8 
7. D1-D4 specify don't-care bits that shall not be decoded 
by the receiving device. It is recommended that all zeroes 
be sent. 
8. S1-S6, S8 specify the device dependent status. (DI07 
is used for the RQS message.) 
9. The source of the message on the ATN line is always 
the C function, whereas the messages on the DIO and EOI 
lines are enabled by the T function. 
10. The source of the messages on the ATN and EOllines 
is always the C function, whereas the source of the mes- 
sages on the DIO lines is always the pp function. 
11. This code is provided for system use, see 6.3. 
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Modem Products 
4 


• 


89024 
2400 BPS INTELLIGENT MODEM CHIP SET 
• For Public Switched Telephone 
• Easily Customized Command Set and 
Network and Unconditioned 
Leased 
Features 
Line Applications 
• Two Chip Intelligent 
Modem Solution 
• V.22 bis, V.22 A/B, V.21, Bell 212A, and 
with Minimal External Components 
Bell 103 Compatible 
• Output Level Programmable over 16 dB 
• Serial Command Set Compatible with 
Range 
Hayes· Smartmodem 2400· 
• Dial and Re-dial Capability 
• Automatically 
Adapts to Remote 
• Full Set of Control Signals for DAA 
Modem Type with Recognition 
of Data 
Interface 
Rates 
Local, External, or Slave Timing 
DTMF and Pulse Dialing 
• 
• 
Options in Synchronous 
Mode 
• On-Chip Hybrid and Billing Delay Timer 
• Adaptive Equalization 
• On-Chip Serial Port and Handshake 
• Capable of Detecting Dial, Busy, 
Signals for RS-232/V;24 Interface 
Ringback and Modem Answer Tones of 
• Telephone Line Audio Monitor Output 
Most International 
Networks 
• Analog/Digital 
Loopback Diagnostics 
• Auxiliary Relay Control Output 
with Mark/Space Pattern Generation 
and Error Detection 
•• 
• Simple Serial Interface to External 
NVRAM 


OTE 
INTERrACE 


89026 
89027 


HAYES 
COMMANDS 


FSK 
WODULATOR/ 
DEWODULATOR 
~~~=====~ 
~ 
"~~=====~ 
~ 
~I-------i 
fS 
QAM/PSK 
RECEIVER 


VI 
SIGNAL 
RECOVERY 
DESCRAWBlER. 
DECODER 


Dn~r 
TONE 
GENERATOR 
ANSWER 
TONE 
GEN. 


QAN/PSK 
TRANSWITIER 
SCRAMBLER/ENCODER 


OM INTERrACE 
LINE 
CONTROL/STATUS 


270242-1 


Figure 1.89024 System Block Diagram 


*Hayes, 
Smartmodem 
2400 and Smartcom 
11are registered 
trademarks 
of Hayes 
Microcomputer 
Products, 
Inc. 
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GENERAL 
DESCRIPTION 


The Intel 89024 chip set is El highly integrated, high 
performance, intelligent modem, providing a com- 
plete system in two chips. The system is compatible 
with the following CCID and Bell standards: 


• CCID V.22 bis 
2400 bps sync and async 
1200 bps sync and async (fall-back) 


• CCID V.22 A & B 
1200 bps sync and async 


• CCID V.21 
o to 300 bps anisochronous 


• BELL 212A 
1200 bps sync and async 
300 bps fall-back mode 


• BELL 103 
o to 300 bps anisochronous 


The 89024 system consists of a 16 bit application 
specific processor (89026) and an analog front end 
device (89027). The 89026 processor performs all 
"Digital Signal Processing" algorithm execution for 
processing the modem signals, as well as providing 
all modem control functions typically performed by 
an external processor. The analog front end pro- 
vides for 2 wire and 4 wire telephone line interface, 
0/A conversion, and most of the complex filtering 
functions required in QAM/PSK/FSK modems. Re- 
fer to Figure 1 for a simplified block diagram of the 
system. 


In stand-alone modem applications, the 89024 chip 
set along with a Data Access Arrangement (OM), a 
serial NVRAM, and RS-232 driver/receivers, repre- 
sent the circuitry required for implementing an auto- 
dial, auto-answer, 300 to 2400 bps, full duplex 
Hayes compatible intelligent modem. 


A complete set of industry standard AT commands 
is provided for modem configuration and user inter- 
face. Virtually all PC software written for the Hayes 
Smartmodem 2400 can also be used with this chip 
set. Alternatively, in applications where user proprie- 
tary modem control commands and features are de- 
sired, the user can replace the 89024 internal com- 
mand module with custom proprietary software resi- 
dent in the 89026 microcontroller's on-chip ROM or 
an external memory device. 


The 8902'4supports two versions of firmware. These 
are internal, which is asynchronous only and exter- 
nal, which is asynchronous and synchronous. Any 
differences in operation are highlighted with foot- 
notes. 


The 89024 has a set of default features. Upon power 
up, the modem configuration will be in accordance 
with these default options, unless a different config- 
uration has been saved in the external NVRAM with 
the &W command. 


The 89024 modem has built in auto-dialing and auto- 
answering capabilities. It can be configured to the 
proper line signaling mode (Tone or Pulse). and to to 
the type (CCID or Bell) and speed of the calling or 
answering modem. It can also detect and identify 
call set-up signals of telephone networks, allowing 
unattended data call operation. 


A full set of diagnostic loop-test features compatible 
with CCID V.54 is supported. The chip set also pro- 
vides a line signal for audio monitoring of call prog- 
ress, a comprehensive set of OM control lines for a 
simple interface to the telephone network, and a full 
complement of DL 
level RS-232/ V.24 handshake 
signals. 
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PACKAGING 


The 89027 is available 
in' PLCC and standard 
plastic 
DIP packages. 
The 
89026 
is available 
in a PLCC 
package. 
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CALL ESTABLISHMENT, 
TERMINATION 
AND RETRAIN 


The 89024 modem system incorporates all proto- 
cols and functions required for automatic or manual 
call establishment. The modem system also incorpo- 
rates all protocols and functions required for prog- 
ress and termination of a data call. 


The modem chip-set has a built-in auto-dialer, both 
DTMF and Pulse type. The modem can detect the 
dial, busy, and ringback signals at remote end, and 
will provide call progress messages to the user. The 
modem is capable of re-dialing the last number di- 
aled, by one command. 


The modem when configured for auto-answer, will 
answer an incoming call, remain silent for the two 
second billing delay interval, before transmitting the 
answer tones. Afterwards modem to modem identifi- 
cation and handshaking will proceed at a speed and 
operating mode acceptable to both ends of the link. 


The data call can also be setup by manual dialing 
with the modems set to data mode, or by voice to 
data transfer by means of mechanical switch (exclu- 
sion key), using the SH pin. Once set to data mode, 
the modem handshaking will proceed before the 
modems will be ready to accept and exchange data. 


Duringdata transmission, if one of the modems finds 
that the received data is likely to have a high bit error 
rate (indicated by a large mean square error in the 
adaptive equalizer), it initiates a retrain sequence. 
This automatic retrain feature is only available at 
2400 bps, and is compatible with CCITT V.22 bis 
recommendations. 


Disconnection of the data call can be initiated by the 
DTE at the local end or by the remote DTE, (if the 
modem is configured to accept it). Whether DTR will 
initiate a disconnect, depends on the last &0 com- 
mand. Receiving a long space from a remote mo- 
dem will initiate a disconnect only after a Y1 com- 
mand. The optional disconnect requests originated 
by the remote modem, are of two types, (1) discon- 
nect when receiving long-space, and (2) disconnect 


when received carrier is dropped. The modem chip- 
set can also be configured to transmit 'long-space' 
just before disconnection, in each of the aforemen- 
tioned cases. 


Because the CCITT and Bell modem connection 
protocols do not provide recognition of remote mo- 
dem type (i.e. V.22 bis to 212A), the Intel chip-set 
provides the additional capability of identifying the 
remote modem type. This feature is beneficial during 
the migration phase of the technology from the 
1200 bps to 2400 bps. In North America, where the 
installed base of 1200 bps modems is mostly made- 
up of 212A type, this feature allows a "Data Base 
Service Provider" to easily upgrade the existing 
212A modems to 2400 bps V.22 bis standard, trans- 
parently, to 212A users. Similarly, a user with a 
89024 based modem system can automatically call 
data bases with either 212A or V.22 bis modems, 
without concern over the difference. This feature's 
benefits are realized in smooth upgrading Of data 
links, with minimum cost and reduced disruption in 
services. Refer to Table 1 for a detailed description 
of remote modem compatibility. 


SOFTWARE 
CONFIGURATION 
COMMANDS 


This section lists the 89024 commands and registers 
that may be used while configuring the modem. 
Commands instruct the modem to perform an ac- 
tion, the value in the associated registers determine 
how the commands are performed, and the result 
codes returned by the modem tell the user about the 
execution of the commands. 


The commands may be entered in a string, with or 
without spaces in between. Any spaces within or be- 
tween commands will be ignored by the modem. 
During the entry of any command, the 'backspace' 
key (CNTRL H) can be used to correct any error. 
Upper case or lower case characters can be used in 
the commands. Commands described in the follow- 
ing paragraphs refer to asynchronous terminals us- 
ing ASCII codes. 
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Table 1. Remote 
Modem Compatibility 


Originating 
Answering 
Modem 
89024 
Bell 
Bell 
CCITT 
CCITT 
CCITT 


Modem 
300 
1200 
300 
1200 
2400 


Bell 
300 
300 
300 
- 
300' 
300' 


1200 
1200' 
1200 
- 
1200 
1200 


CCITI 
300 
- 
- 
300 
- 
- 
1200 
1200' 
1200 
- 
1200 
1200 


2400 
1200' 
1200 
1200 
2400 


Answering 
Originating 
Modem 
89024 
Bell 
Bell 
CCITT 
CCITT 
CCITT 
Modem 
300 
1200 
300 
1200 
2400 


Bell 
300 
300 
1200 
- 
1200 
1200 
1200 
300 
1200 
- 
1200 
1200 
CCITI 
300 
- 
- 
300 
- 
- 
1200 
300' 
1200 
- 
1200 
1200 
2400 
300' 
1200 
- 
1200 
2400 


• These 
connection 
data rates are obtained 
when 
connecting 
89024 
based 
modems 
end to end. The same results 
may not 
be obtained 
when 
a 89024 
based 
modern 
is connected 
to other 
modems. 


Command 
Set 
\ 


AT 
A 
AI 
Bn(l) 


Attention 
code. 
Go off-hook 
in answer mode 
Repeat previous command 
string 
BELL/CCITI 
Protocol Compatibility 
at 
1200 bps 
The dialing commands 
(0-9 A B CD' 
# PR T SW,; 
@) 
Echo command 
(En) 
Switch-Hook 
Control 
If &J1 option is selected, 
H1 will also 
switch the auxiliary relay 
Request 
Product Code and Checksum 
Speaker 
Volume 
Monitor On/Off 
On-Line 
Result Codes 
Write S Register 
Read S Register 
Enable Short-Form 
Result Codes 
Enable Extended 
Result Code 
Enable Long Space Disconnect 
Fetch Configuration 
Profile 
The Default Escape Code 


Ds 


En 
Hn 


In 
Ln 
Mn 
o 
On 
Sn=x 
Sn? 
Vn 
Xn 
Yn 
2 
+++ 


NOTE: 
1. Available 
in external 
code only. 


& Command 
Set 


&C 
&D 
&F 
&G 
&J 
&L 
&M(I) 


&P 
&R 
&S 
&T 
&W 
&X(I) 


&2 


DCDOptions 
DTR Options 
Fetch Factory Configuration 
Profile 
Guard Tone 
Telephone 
Jack Selection 
Leased/Dial-up 
Line Selection 
Async/Sync 
Mode Selection 
Make/Break 
Pulse Ratio 
RTS/CTS 
Options 
DSROptions 
Test Commands 
Write Configuration 
to Non Volatile 
Memory 
Sync Clock Source 
Store Telephone 
Number 
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Dial Modifiers 
CONFIGURATION 
REGISTERS 


The modem 
stores 
all the configuration 
information 
in a set of registers. 
50 me registers 
are dedicated 
to 
special 
command 
and function, 
and others 
are bit- 
mapped, 
with different 
commands 
sharing the regis- 
ter space to store the command 
status. 


50' 
51 
52 
53 
54 
55 
56 
57 
58 
59 
510 
511"' 
512 
513 
514 • 


515 
516 
517 
518 • 
519 
520 


521 • 
522 • 
523 • 
524 
525 • 
526 • 


527 • 


Ring to Answer 
Ring Count. (Read Only) 
Escape Code Character 
Carriage Return Character 
Line Feed Character 
Back 5pace 
Character 
Wait for Dial Tone 
Wait for Data Carrier 
Pause Time for the Comma Dial Modifier 
Carrier Detect Response 
Time 
Lost Carrier to Hang Up Delay 
DTMF Tone Duration 
Escape Code Guard Time 
Not Used 
Bit Mapped Option Register 
Not Used 
Modem Test Options 
Not Used 
Test Timer 
Not Used 
Not Used 
Bit Mapped Options 
Register 
Bit Mapped Options 
Register 
Bit Mapped Options 
Register 
Not Used 
Delay to DTR (5ync Only) 
RT5 to CT5 Delay (Half Dup.) 
Bit Mapped Options 
Register 


NOTE: 
" These 
S registers 
can be stored 
in the NVRAM. 
""Available 
in internal 
code only. 


P 
Pulse Dial 
R 
Originate 
call in Answer 
Mode 
T 
Tone Dial 
5 
Dial a stored number 
W 
Wait for dial tone 
Delay a dial sequence 
Return to command 
state 
Initiate a flash 


@ 
Wait for quiet 


Example: 


Terminal: 
Modem: 


Result: 


AT &Z T 1 (602) 555-1212 
OK 


Modem 
stores 
T16025551212 
in the ex- 
ternal 
NVRAM. 


The number can be dialed from asynchronous 
mode 
by issuing the following 
command: 


Terminal: 
AT D5 
Modem: 
T16025551212 


or by turning on DTR when in 5ynchronous 
Mode 2. 
Up to 33 symbols 
(dial digits and dial modifiers) 
may 
be stored. 
5paces 
and other delimiters 
are ignored 
and do not need to be included 
in the count. 
If more 
than 33 symbols 
are supplied, 
the dial string will be 
truncated 
to 33. 


APPLICATIONS 
OVERVIEW 


The block diagram of a stand-alone 
300 to 2400 bps 
Hayes 
compatible 
modem 
is depicted 
in Figure 
3. 


The DM 
section 
shown 
in this diagram 
may be ob- 
tained 
with FCC registration, 
or implemented 
using 
the suggested 
diagram 
in Figure 4. 
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·Intemal code supports 9346 
External code supports X2444 


Figure 3. Typical 
Modem Configuration 
with External 
Hybrid 
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Figure 4. Typical Telephone 
Line Interface 
Using Internal 
Hybrid 
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AUDIO 
MONITOR 


Telephone 
Line Interface 
Two 
wire 
full 
duplex 
over 
public 
switched 
network 
or 4 wire 
leased 
lines. 


On-chip 
hybrid and billing delay timers. 


Modulation 
V.22 bis, 16 point QAM at 600 baud. 
V.22 and 212A, 4 point PSK at 600 baud. 
V.21 and 103, binary phase coherent 
FSK 


Output Spectral 
Shaping 
Square root of 75% raised cosine, QAM/PSK. 


Transmit 
Carrier Frequencies 
I 


V.22 bis, V.22, 212A 
Originate 
1200 Hz ± .01 % 
Answer 
2400 Hz ± .01 % 
V.21 
Originate 
'space' 
1180 Hz ± .01 % 
Originate 
'mark' 
980 Hz ± .01% 


0 
Answer 
'space' 
1850 Hz ± .01 % 
Answer 
'mark' 
1650 Hz ± .01 % 
Bell 103 mode 
Originate 
'space' 
1070 Hz ± .01% 
Originate 
'mark' 
1270 Hz ± .01 % 
Answer 
'space' 
2020 Hz ± .01 % 
Answer 'mark' 
2225 Hz ± .01 % 


Receive 
Carrier Frequency 
Limits 
V.22 bis, V.22, 212A 
Originate 
2400 Hz ± 7 Hz 
Answer 
1200 Hz ± 7 Hz 
V.21 
Originate 
'space' 
1850 Hz ± 12 Hz 
Originate 'mark' 
1650 Hz ± 12 Hz 
Answer 
'space' 
1180 Hz ± 12 Hz 
Answer 
'mark' 
980 Hz ± 12 Hz 
Bell 103 
Originate 
'space' 
2020 Hz ± 12 Hz 
, 
Originate 
'mark' 
2225 Hz ± 12 Hz 
Answer 
'space' 
1070 Hz ± 12 Hz 
Answer 
'mark' 
1270 Hz ± 12 Hz 


Typical 
Energy Detect Sensitivity 
Greater 
than 
-43 
dBm 
EO is ON. Less than 
-48 
dBm EO is 
OFF. Signal in dBm measured 
at A02. 


Energy Detect Hysteresis 
A minimum 
Hysteresis 
of 2 dB for QAM scrambled 
mark. 


Line Equalization 
Fixed compromise 
equalization, 
transmit. 


Adaptive 
equalizer for PSK/QAM, 
receive. 


Diagnostics 
Available 
Local analog loop back. 
- 


Local digital loopback. 
Remote digitalloopback. 


Self Test Pattern Generator 
Alternate 
'ones' 
and 'zeros' 
and error detector, 
to be used along 
with most loopbacks. 
A number 
indicating 
the bit errors detected 
is sent to DTE . 


• External 
code only. 
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RECEIVER 
PERFORMANCE 


Test Cases 
Typical 
SNR for 
10-5 BER Performance 


Data 
Rx Level 
Answer 
Originate 
Mode 
(dBm) 
(dB) 
(dB) 


V.22 bis 
-30 
16 
16.5 
Synchronous 
-40 
16.5 
18 


V.22/BeIl212A 
-30 
6.5 
• 
6.5 
Synchronous 
, 
-40 
6.5 
6.5 


V.21 
-30 
9 
7.5 
Asynchronous 
-40 
9 
8 
r- 


Bell 103 
I 
-30 
10 
11.5 
Asynchronous 
-40 
10 
11.5 


Test Conditions: 


-Recieve 
signal (Rx) measured 
at A02 (transmit 
level set at - 9 dBm) 


-Unconditioned 
3002 line 


-3 
kHz Flat-band 
Noise 
• 
PERFORMANCE 
SPECIFICATIONS 
, 


Parameter 
Min 
Typ 
Max 
Units 
Comments 


DTMF Level 
4.0 
dBm 
atA01 


DTMF Second 
Harmonic 
-35 
dB 
HYB enabled 
into 6000. 


DTMF Twist (Balance) 
-., 
3 
dB 


DTMF Duration 
~. 
100 
ms 
Software 
Controlled 


Pulse Dialing Rate 
10 
pps 


Pulse Dialing Make/Break 
39/61 
% 
US 
33/67 
% 
UK, Hong Kong 


Pulse Interdigit 
Interval 


I 
785 
ms 


Billing Delay Interval 
2.1 
sec 


Guard Tone Frequency 
540 
Hz 
Amplitude 
-3 
dB 
referenced 
to High 
Channel 
transmit. 


Frequency 
1800 
Hz 
QAM/PSK 
Modes Only 


Amplitude 
-6 
dB 


Dial Tone Detect Duration 
3.0 
sec 


Ringback 
Tone Detect 
Duration 
0.75 
sec 
Cadence 
1.5 
Off/On 
Ratio 


Busy Tone Detect 
Duration 
0.2 
sec 
Cadence 
0.67 
1.5 
Off/On 
Ratio 
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89026 OVERVIEW 


89024 


The 89026 processor performs data manipulation, 
signal processing and user interface functions. It 
supports an external ROM, for user designed soft- 
ware. This option allows customer designed code to 
control the signal processing algorithms resident in 
the 89026. For example proprietary modem control 
and call progress management applications can be 
implemented using EPROMs or alternatively by hav- 
ing it burnt in the processor ROM (done so by Intel 
factory contracting). On-chip ROM is 8 Kbytes. A 
block diagram of 89026 is in Figure 5. 


89026 contains a TTL compatible serial link to DTEI 
DCE equipment, along with a full complement of 
V.24/RS-232-C control signals. Alternatively, UART 
or USART may be used to directly transfer data to 
and from a microcomputer bus. The industry stan- 
dard AT command set is supported by the 89026, 
facilitating communications compatibility between 
89024 and most PC software written for the AT com- 
mand set. 


In the transmit operation, the 89026 synthesizes 
DTMF tones and the 300 bps FSK modem signal 
prior to transmitting them to the 89027 as digitized 
amplitude samples. During 1200 and 2400 bps oper- 
ation, PSK and QAM is used to send 2 or 4 bits of 
information respectively at 600 baud to 8902.7.Since 
the QAM coding technique is an inherently synchro- 
nous transmission mechanism, during asynchronous 
QAM transmission, the asynchronous data is syn- 
chronized by adding or deleting stop bits. Following 
the synchronization process, the 89026 transmits 
digitized phase and amplitude samples to 89027 
over a high speed serial link. 


In the receive operation, the information is received 
by 89026 from 89027 as two signals which are 90 
degrees phase shifted from each other. These ana- 
log signals are then digitized by the 89026's on- 
board AID 
converter, and using DSP software algo- 
rithms the signals are gain adjusted, adaptively 
equalized for telephone line delay and amplitude dis- 
tortion, and demodulated. Following the demodula- 
tion process by the 89026, the data is unscrambled, 
and if necessary, returned to asynchronous format. 


.--------------------------------------------------------. 
I 
I 
I 
I 
I 
I 
I 
I 
!----------~------~-~ 
+ 
CO~~AND 
INTERPRETER 


AUTO 
BAUD-RATE/ 
DATA 
FOR~AT 
DETECTOR 


CLKIN 


TSYNC 


SCLK 


SDATA 
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Figure 5. 89026 Block Diagram 
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89026 
PINOUT 


. Symbol 
Function 
(89026) 
Direction 
Pin No. 
, 


68 pin 


CLKIN 
12.96 MHz master clock from 89027 
In 
67 


RST 
Chip reset (active low) 
In 
16 


I 
in-phase 
received 
signal 
In 
11 
Q 
Ouadrature-phase 
received 
signal 
In 
10 


STR 
Symbol Timing from 89027 
In (' 
24 


ED 
Energy Detect input 
In 
9 


TSYNC 
Transmitter 
sync pulse to 89027 


', 
Out 
I 
35 
SDATA 
Serial Data to 89027 
Out 
17 
SCLK 
Serial Clock to 89027 
." 
Out 
18 


OH 
Off-Hook 
control to DAA 
- 
Out 
33 
SH* 
Switch-Hook 
from dataphone 
In 
44 


RI 
Ring Indicator from DAA 
In 
42 
AR 
Aux Relay control to DAA 
Out 
38 


TCL1 
NVRAM 
Data 1/0 
1/0 
20 
TCLO 
NVRAM CLK 
I 
Out 
19 
SIC" 
103/V.21 
default option 
In 
15 
SIft. 
NVRAM CE 
Out 
21 
D/S 
Dumb/Smart 
mode select 
In 
6 
CON FIG 
Reserved 
for future use (VCc)(3) 
In 
8 


TM 
Test Mode Indicator 
Out 
39 


TXD 
Transmitted 
data from DTE 
In 
27 
RXD 
Received 
data to DTE 
Out 
29 
, 


RTS 
, 
Request to send from DTE 
In 
22 
,.. 


CTS 
Clear to Send to DTE 
Out 
23 
DSR 
Data Set Ready to DTE 
Out 
30 
DCD 
Data Carrier Detect to DTE 
Out 
31 
DTR 
Data Terminal 
Ready from DTE 
In 
25 
RCLK 
Received 
clock to DTE 
Out 
34 
TCLK 
Transmit 
clock to DTE 
Out 
28 
XTCLK" 
External timing clock from DTE 
In 
26 
Si 
Speed Indicator to DTE 
Out 


, 


32 
SS 
I 
(Note 4) 
In 
5 
REMLS" 
Remote 
t.oopback 
Command 
from DTE 
In 
7 
LCLLS" 
Local Loopback 
Command 
from DTE 
In 
4 


Vcc 
Positive power supply ( + 5V) 
+5V 
1 


VPD 
Ram back-up power (VCc)(3) 
+5V 
14 


VREF 
AID converter 
reference 
+5V 
13 


VSS1 
Digital ground 
GND 
36 


VSS2 
Digital ground 
GND 
68 
AGND 
Analog ground 
AGND 
12 
Vpp 
(NC)(2) 
In 
37 


EA 
External Memory enable 
In 
2 
ADO-AD15 
External memory access addressl 
data(5) 
1/0 
60-45 
AA 
Auto Answer(5) 
Out 
60 
JS 
Jack Select(S) 
Out 
59 


•Available 
In external 
code only. 
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VVH 
t:xternal memory write 


NOTES: 
1. Pins marked 
with (Vss)must be connected 
to Vss 
2. Pins marked 
with (NC) are to be left unconnected. 


3. Pins marked 
with (Vee) must be connected 
to vcc 
4. SS pin reserved 
for future 
use. 
5. With internal 
ROM enabled, 
ADO-AD1 
are used as AA and JS. 


6. Pins with direction 
"In" 
must not be left floating. 


89026 PIN DESCRIPTION 


XTCLK* 
Transmitter timing from OTE, when external clock 
option is selected. 


TXD 
The serial data from OTE to be transmitted on the 
line. A logic 'high' is mark. In synchronous mode, 
89026 
samples this data on the rising edges of 
TCLK. 


TCLK* 
Clock output from 89026 as timing source for data 
exchange from OTE to modem. Serial data is read 
on the rising edges of the TCLK. This output is High 
in asynchronous mode. 


RXD 
The serial data to OTE. 'Mark' is a logic High. In 
synchronous mode, the rising edge of RCLK occurs 
in the middle of RXO. 


RCLK* 
Synchronous clock output. Rising edge of RCLK oc- 
curs in the middle of each RXO bit. This pin remains 
High in asynchronous mode. 


Vpp 
This function is not used and should not be connect- 
ed. 


'External 
code only. 


Out 
40 


TM 
A Low indicates maintenance condition in the mo- 
dem. 


DCD 
In async operation, OCO remains Low regardless of 
data carrier (default), or it can be programmed to 
indicate received carrier signal is within the required 
timing and amplitude limits. In sync operation Low 
indicates the received carrier signal is within the re- 
quired timing and amplitude limits. 


DSR 
Low indicates modem is off-hook, and it is in data 
transmission mode, and the answer tone is being 
exchanged. CTS Low indicates modem is prepared 
to accept data. 


RTS 
In async mode RTS i~nored. 
Under command 
control, in sync mode RTS can be ignored, or the 
modem can respond with a Low on CTS. 


DTR 
&00 command .willcause the modem to ignore OTR. 
For &01 the modem assumes the asynchronous 
command state on a Low to High transition of the 
OTR circuit. The &02 command does the same as 
&01 except the state of OTR will enable/disable 
auto answer. A Low to High transition of OTR after 
the &03 command will cause the modem to assume 
the initialization state. 
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SIC' 


Low configures 
the modem to CCITT V.21. High will 
configure 
the modem 
to Bell 103, when at 300 bps 
speed. This pin only affects the modem in FSK oper- 
ation. 


TCl1, TClO 


These pins are used as the serial clock and data for 
interface 
to an NVRAM. 
Refer to Figure 3. TCLO is 
used to output a clock and serial data is transferred 
on TCL1. 


AR 


This Auxiliary 
relay control 
is for switching 
a relay for 
voice or data calls. High is voice, 
Low is data. 


RI 


A Low' signal 
from 
DAA indicates 
line ringing. 
This 
input is ignored 
when the modem 
is configured 
for 
leased 
line. This 
signal 
should 
follow 
the 
ring ca- 
dence. 


OH 


Low 
sets 
an off 
hook 
condition, 
high 
sets 
an on 
hook. When dialing, this signal is used to pulse dial 
the line. 


SH' 


Used 
as a telephone 
voice 
to data switch 
or vice 
versa. 
Any logic level transition 
will toggle 
the mo- 
dem state. This input is ignored, 
if a software 
com- 
mand attempts 
to switch the modem 
between 
voice 
and data. 


AA 


Used 
as an indicator 
for Auto 
Answer 
status 
and 
Ring indicator. 
Active 
low. 
tcu.a- 


A Low will set the modem 
in the local analog 
loop- 
back 
test 
mode. 
Logic 
Low levels 
applied 
simulta- 
neously to REMLB and LCLLB pins, sets the modem 
to the local digital loopback. 


REMlS' 


A logic Low on this pin initiates 
a remote 
loopback 
condition. 


Si 


Selects 
one of the two data rates or ranges of rates 
in the DTE to correspond 
to the rate in modem. 
Low 
selects 
the higher rate (2400 CCITT /1200 
BELL) or 
range of rates. High selects the Low rate or range of 
rates. 


D/S 


A Low on this pin will indicate 
the smart mode which 
will respond 
to all commands. 
A High will ignore 
all 
commands. 


VREF 


Voltage 
reference 
for the analog to digital converter 
should 
be connected 
to the 89027 AVcc. 


VPD 


The internal 
RAM power down supply voltage 
to be 
connected 
to 5 Volts during normal operation. 


S/A 
4 


The 
function 
of this 
pin is re-define.d 
as external 
NVRAM 
CE. 


CONFIG 


Reserved 
for future use. This signal should be pulled 
high. 


EA 


When High, memory 
access from address 
2000H to 
4000H 
are directed 
to on-chip 
ROM. When 
Low, all 
memory 
access 
is directed 
to off-chip 
memory. 


JS 


Low is used to pulse A and A 1 leads to control 
a 1A2 
Key System jack. 


'External code only 


89026 ABSOLUTE 
MAXIMUM 
RATINGS** 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 40·C to + 125·C 


Voltage 
from Any Pin to 
VssorAGND 
-0.3Vto 
+7.0V 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation 
1.5 Watts 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 
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OPERATING 
CONDITIONS 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient Temperature 
Under Bias 
0 
+70 
·C 


Vcc 
Digital Supply Voltage 
4.75 
5.25 
V 


VREF 
Analog Supply Voltage 
4.75 
5.25 
V 


FREQ 
CLKIN Frequency 
12.96 MHz 
-0.01% 
+0.01% 


VPD 
Power-Down 
Supply Voltage 
4.75 
5.25 
V 


NOTE: 
The AGND and Vss on both the 89026 and the 89027 must be nominally at the same potential. 


D.C. CHARACTERISTICS 
Test Conditions: 
VCC, VREF, VPD, Vpp, VEA = 5.0V ± 0.25V; 
Fosc = 12.96 MHz; TA = O·C to 70·C, VSS, AGND = OV 
- 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


lee 
vcc Supply Current(O·C 
s TA s; 70·C) 
240 
mA 
All Outputs 


ICCl 
vcc Supply Current (TA = 70·C) 
185 
mA 
Disconnected 


IpD 
VPD Supply Current 
1 
mA 
Normal Operation 
and Power-Down 


IREF 
VREF Supply Current 
8 
mA 


VIL 
Input Low Voltage 
-0.3 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
vcc + 0.5 
V 
(Except RESET, NMI, CLKIN) 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
VCC + 0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling Hysteresis 
2.1 
VCC + 0.5 
V 


VIH3 
Input High Voltage, 
NMI, CLKIN 
2.2 
Vcc 
+ 0.5 
V 


III 
Input Leakage Current(l) 
±10 
fLA 
VIN = OtoVcc 


ILll 
D.C. Input Leakage Current(2) 
+3 
fLA 
VIN = OtoVcc 


IIH 
Input High Current to EA 
100 
fLA 
VIH = 2.4V 


IlL 
Input Low Current(3) 
-125 
fLA 
VIL = 0.45V 


11L1 
Input Low Current to RESET 
-0.25 
-2 
mA 
VIL = 0.45V 


11L2 
Input Low Current, READY, BUSWIDTH(4) 
-50 
fLA 
VIL = 0.45V 


VOL 
Output Low Voltage(5) 
0.45 
V 
IOL = 0.8mA 


VOL1 
Output Low Voltage(5) 
0.75 
V 
IOL = 2.0mA 


VOL2 
Output Low Voltage(6) 
0.45 
V 
IOL = 2.0mA 
RESET and Bus/Control 
Pins 


VOH 
Output High Voltage(5) 
2.4 
V 
IOH = -20 
fLA 


VOHl 
Output High Voltage on Bus Control Pins(7) 
2.4 
V 
IOH = - 200 fLA 


IOH3 
Output High Current on RESET 
-50 
fLA 
VOH = 2.4V 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1.STR,DTR,XTCLK, 
TXD 
2. S/o, SS, REMLB, LCLLB, I, Q, CONFIG, ED 
3. TCLK1,~ 
4. Also, B/C, SR, RI 
5. TCLO,S/A, CTS, DSR, DCD, SI, OR, AR 
6.SCLK,SDATA, 
TM,TCLK, RXD,RCLK,TSYNC 
7. Bus/Control pins include CLKOUT, ALE, BHE, RD, WR, INST and ADO-15. 
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AC CHARACTERISTICS 
(vcc, 
VPD = 4.75 to 5.25 Volts; TA = O°C to 70°C; CLKIN = 12.96 MHz) 
Test Conditions: 
Load capacitance 
on output 
pins = 80 pF 
Tosc 
= 1/12.96 
MHz 


TIMING 
REQUIREMENTS 
(Other system components 
must meet these specs.) 


Symbol 
Parameter 
Mln 
Max 
Units 


TCLYX 
READY Hold after CLKOUT 
Edge 
0 
ns 


hLYV 
End of ALE/ ADV to READY Valid 
2Tosc 
- 
70 
ns 


hLYH 
End of ALE/ ADV to READY High 
2Tosc 
+40 
4Tosc 
- 
80 
ns 


TYLYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(1) 
Address 
Valid to Input Data Valid 
5Tosc 
- 
120 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc 
- 
100 
ns 


- 


TRHDX 
Data Hold after RD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tosc 
- 
25 
ns 


TAVGV(1) 
Address 
Valid to BUSWIDTH 
Valid 
2Tosc 
- 
125 
ns 


TLLGX 
BUSWIDTH 
Hold after ALE/ ADV Low 
.Tosc 
+ 40 
ns 


TLLGV 
ALE/ ADV Low to BUSWIDTH 
Valid 
Tosc - 
75 
ns 


NOTE: 
1. The term "Address Valid" applies to ADO-15, 13REand INST. 


TIMING 
RESPONSES 


Symbol 
Parameter 
Min 
Max 
Units 


FCLKIN 
Oscillator 
Frequency 
12.95870 
12.96129 
MHz 


Tosc 
Oscillator 
Period 
1/FCLKIN(MAX) 
1/FCLKIN(MIN) 
ns 


TOHCH 
Rising Edge to Clock Rising Edge 
0 
120 
ns 


TCHCH 
CLKOUT 
Period(2) 
3Tosc(2) 
3TosC(2) 
ns 


TCHCL 
CLKOUT 
High Time 
Tosc 
- 
35 
Tosc 
+ 
10 
ns 


TCLLH 
CLKOUT 
Low to ALE High 
-20 
+25 
ns 


TLLCH 
ALE/ ADV Low to CLKOUT 
High 
Tosc 
- 
25 
Tosc 
+ 45 
ns 


TLHLL 
ALE/ ADV High Time 
Tosc 
- 
30 
Tosc 
+ 35(3) 
ns 


TAVLL(4) 
Address 
Setup to End of ALE/ ADV 
Tosc 
- 
50 
ns 


TRLAZ 
RD or WR Low to Address 
Float 
Typ. = 0 
10 
ns 


TLLRL 
End of ALE/ ADV to RD or WR Active 
Tosc 
- 
40 
ns 


TLLAX(5) 
Address 
Hold after End of ALE/ ADV 
Tosc 
- 
40 
ns 


TWLWH 
WR Pulse Width 
3Tosc 
- 
35 
ns 


TaVWH 
Output Data Valid to End of WR/WRL/WRH 
3Tosc 
- 
60 
ns 


TWHax 
Output Data Hold after WR/WRL/WRH 
Tosc 
- 
50 
ns 


TWHLH 
End of WR/WRL/WRH 
to ALE/ ADV High 
Tosc 
- 
75 
ns 


TRLRH 
RD Pulse Width 
3Tosc 
- 
30 
ns 


TRHLH 
End of RD to ALE/ ADV High 
Tosc - 
45 
ns 
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TIMING 
RESPONSES 
(Continued) 


Symbol 
Parameter 
'I 
Min 
Max 
' Units 


TCLLL 
CLKOUT to Low ALE/ ADV Low 
Tose - 
40 
Tose + 35 
ns 


TRHSX 
AD High to INST, SHE, AD8-15 
Inactive 
Tose - 
25 
Tose + 30 
ns 


TWHSX 
WA High to INST, SHE, AD8-15 
Inactive 
Tose - 
50 
Tose + 100 
ns 


THLHH 
WAL, WAH Low to WAL, WAH High 
2Tose 
- 
35 
2Tose + 40 
ns 


TLLHL 
ALE/ ADV Low to WAL, WAH Low 
2Tose 
- 
30 
2Tose + 55 
ns 


TaVHL 
Output Data Valid to WAL, WAH Low 
Tose - 
60 
ns 


NOTES: 
1. If more than one wait state is desired, add 3Tosc for each additional wait state. 
2. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times are less than 10 ns. 
3. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
4. The term "Address Valid" applies to ADO-15, SHE and INST. 
5. The term "Address" in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. 


WAVEFORM 


CLKIN 


CLOCKOUT 


READY 


•".----- --_ . 


. 
"...- 


BHE,INST 
l-__ -:-_.....,:-- 
__V.. 
AL;.ID~ 
_:_-~ 
... 
_ 


T,WLL.j 
f-1.----'TwLWH 
TWHBX 


AD8-1S ~(~ll)__ 
~::::::::::::::~V!AL~ID~::::::::::~~~(~=~=~=~=::=:=:=:=~=~=~=~=~:~: 


NOTES: 
1. 8-bit bus only 
2. 8-bit or 16-bit bus and write strobe mode selected. 
3. When ADV selected. 
4.8- or 16-bit bus and no write strobe mode selected. 


Figure 
6. Bus Signal 
Timings 
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89027 OVERVIEW 


89024 


The 89027 is a 28 pin CHMOS analog front end de- 
vice, which performs most of the complex filtering 
functions required in modem transmitters and re- 
ceivers. A general block diagram of this chip is pro- 
vided in Figure 7. Most of the analog signal process- 
ing functions in this chip are implemented with 
CHMOS switched capacitor technology. The 89027 
functions are controlled by 89026, through a high 
speed serial data link. 


During FSK transmit operation, the 89027 receives 
digitally synthesized mark and space sinusoid ampli- 
tude information from the 89026. The 89027 con- 
verts the signal to its analog equivalent, filters it, and 
transmits it to the telephone line. For QAM transmis- 
sion, the signal constellation points are transferred 
to the 89027. This information is modulated into an 
analog signal, passed through spectral shaping fil- 


ters, combined with the necessary guard tone, 
smoothed by a low pass filter, and transmitted to the 
line. Prior to transmitting either FSK or QAM signals 
to the telephone line, the 89027 adjusts the signal 
gain through an on-board programmable gain ampli- 
fier. 


During the receive operation, the received FSK and 
QAM signals are passed through anti-alias filters, 
bandsplit filters, automatic gain control and carrier 
detect circuits, a Hilbert transform filter, and the out- 
put sent to the 89026 processor as analog signals. 


Other functions provided by the 89027 are: an on- 
board two wire to four wire circuit with disable capa- 
bility, an audio monitor output with software configu- 
rable gain, and a programmable gain transmit signal. 


The 89027 is available in 28 pin plastic DIP and 
PLCC packages. 


.----------------------------------------------------------------- 
I 


EO 
~------~~------------~ 
STR ••• ------Nr---i 


~------~----~AMP 


A02 


HYB 


~- 
••••• AOl 


"T'T--T---T--'---T -------- 


vcc 
VBB 
AGN0 
VSS 
RST 
AVCC 
AZ2 '---U---' 
AZ 1 


OUTPUT LEVEL 
TX3-TXO 
270242-10 


Figure 7. 89027 Block Diagram 


4-17 


• 


89024 


89027 PINOUT 


Symbol 
Function 
(89027) 
Direction 
Pin No. 


Vcc 
Positive Power Supply (Digital) 
-, 


,I 


+5V 
28 


Vss 
Negative 
Power Supply 
, 
-5V 
15 


Vss 
Digital Ground 
DGND 
24 
AGND 
Analog Ground 
AGND 
21 


AVcc 
Positive Power Supply (Analog) 
+5 
7 


X1 
Xtal Oscillator 
In 
23 
X2 
Xtal Oscillator 
Out 
25 
CLKOUT 
12.96 MHz Clock Output to 89026 
Out 
26 


RST 
Chip reset (active low)(1) 
In 
20 
HYB 
Enable on-chip 
hybrid(1) 
In 
10 
AZ1 
Auto-zero 
capacitor 
Out 
16 
AZ2 
Auto-zero 
capacitor 
In 
17 


SDATA 
Serial data from 89026 
In 
2 
SCLK 
Serial clock from 89026 
In 
1 
TSYNC 
Transmitter 
sync from 89026 
In 
3 


STR 
Symbol timing to 89026 
Out 
27 
ED 
Receiver energy detect to 89026 
.. 
Out 
18 
I 
In phase received 
signal to 89026 
Out 
13 
Q 
Quadrature-phase 
received 
signal to 89026 
Out 
14 


A01 
Transmitter 
output 
Out 
6 
A02 
Receiver 
input 
In 
12 
AMP 
Output to monitor speaker 
, 
Out 
11 


TXO 
Transmitter 
level control 
(LSB)(1) 
In 
9 
TX1 
Transmitter 
level contronn 
In 
8 
TX2 
Transmitter 
level contront) 
In 
5 
TX3 - 
Transmitter 
level control 
(MSB)(1) 
In 
4 


NC 
(Note 2) 
Out 
19 


NC 
(Note 3) 
I 
In 
22 


J 


NOTES: 
1. When 
held high, these 
pins must be connected 
through 
10K resistors 
to vcc. 


2. Must be left No Connect. 
Will affect 
operation 
of 89027 
3. Reserved 
Pin. Must be left No Connect. 


89027 Pinout 
Description 


TXO-3 


These 
four pins control 
the transmitted 
signal level. 


Refer to Transmit 
Level Table. 


A01 


Transmitter 
output. 


A02 


Receiver 
input. 


HYB 


This pin enables 
the on-chip 
hybrid. 
A line imped- 
ance matching 
network 
must be connected 
between 
A01 
and A02 
when 
HYB is enabled. 
If HYB is dis- 
abled 
and an external 
4W/2W 
hybrid 
is used, the 
hybrid receive 
path must be amplified 
by 6 dB. 


AMP 


This output can be used to monitor 
the call progress 
tones and operation 
of the line. 
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ABSOLUTE 
MAXIMUM 
RATINGS* 
NOTE: 
1. Applies 
to 
pins 
SCLK, 
SDATA, 
TSYNC, 
RST, 
HYB, TXO- TX3 only. 
Temperature 
Under Bias 
- 0 to + 70·C 


Storage Temperature 
-40 
to + 12S·C 


All Input and Output 
Voltages 
with Respect 
to Vas 
-0.3V 
to + 13.0V 


All Input and Output 
Voltages 
with Respect 
to vex: & AVcc 
-13.0V 
to 0.3V 


Power Dissipation 
1.3SW 


Voltage 
with Respect 
to Vss(1) 
-0.3V 
to 6.SV 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


POWER 
DISSIPATION 
Ambient 
Temp = O·Cto 70·C, vcc = AVcc = SV ±S%, 
Vss = AGND = OV. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


Alcc- 
AVcc 
Operating 
Current 
1S 
21 
mA 


ICCl 
vcc Operating 
Current 
S 
6 
mA 


Ibbl 
Vss Operating 
Current 
-1S 
-21 
mA 


Alccs 
AV cc Standby Current 
0.2 
1 
mA 


Iccs 
vcc Standby Current 
c 
S 
6 
mA 


Ibbs 
Vas Standby Current 
-0.6 
-2 
mA 


Pdo 
Operating 
Power Dissipation 
17S 
2S0 
mW 


Pds 
Standby 
Power Dissipation 
30 
SO 
mW 


DC CHARACTERISTICS 
(Ta = O·C to 70·C, AVcc = vcc = SV ± S%, Vss = SV ± S%, AGND = 
Vss = OV), supply voltage 
must be at the same potential 
as the 89026 power supply. Typical Values are for 
Ta = 2S·C and nominal power supply values. vcc. AVcc and 89026 VREF must be nominally 
at the same 
potential. 


Inputs: TXO, TX1, TX2, TX3, HYB, RST 
Outputs: 
CLKOUT 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Condition 


lil 
Input Leakage Current 
-10 
+10 
J.LA 
Vss 
~ Vin ~ vcc 


Vii 
Input Low Voltage 
Vss 
0.8 
V 


Vih 
Input High Voltage 
2.0 
Vcc 
V 


Vol 
Output Low Voltage 
0.4 
V 
101:<: 
-1.6mA,1 
TTL load 


Voh 
Output High Voltage 
2.4 
V 
loh s S0J.La,1 TTL load 


Veal 
CLKOUT 
Low Voltage 
0.4 
V 
Load Capacitance 
= 60 pF 


Vcoh 
CLKOUT 
High Voltage 
0.7 VCC 
V 
Load Capacitance 
= 60 pF 
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.AC CHARACTERISTICS 
(Ta = 25°C, VCC = AVCC = 5V, VSS = AGND = OV, VBB = -5V) 


ANALOGINPUTS:A02 


Parameter 
Min 
Typ 
Max 
Units 
Test Condition 


A02 
Receive Signal 
-9 
dBm 
Hybrid Enabled 


A02 
Input Resistance 
10 
MOhms 
- 2.5V <Vin < + 2.5V 


A02 Allowed 
DC offset 
-30 
+30 
mV 
Relative to AGND 


AUTO ZERO CAPACITANCE 


Capacitance 
= 0.015 f.LF 
Tolerance 
= ±20 
% 
Voltage 
Rating = 10V 
Type = Non-Electrolytic, 
low leakage. 


I 
I 
cLl': 
:l'cL 
V 
I 
Co 
IV 
1. 
" 
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CRYSTAL 
REQUIREMENTS 
Figure 8. Crystal Equivalent 
Circuit 


Parameter 
Mln 
Typ 
Max 
Unit 
Comments 


Frequency 
Accuracy 
(0°C-70°C) 
-0.0035% 
12.96 
+0.0035% 
MHz 
Refer to 
Figure 8 
Rx 
10 
16 
Ohms 
ex 
0.024 
pF 
Co 
5.1 
5.6 
6.1 
pF 


CL 
-5% 
33 
+5% 
pF 
2 Load 
Capacitors 


, . 
Crystal 
Type. 
Parallel 
Resonant 


ANALOG 
OUTPUTS: 
A01, AMP 


Parameter 
Mln 
Typ 
Max 
Units 
Comments 


Load Resistance 
A01 
600 
Ohms 
AMP 
10 
KOhms 


Load Capacitance 
AMP 
100 
pF 


Audio Amp Gain 
-9 
dB 
Max 
A01 to Amp 
-18 
dB 
Mid 
-26 
dB 
Min 
Software 
-70 
dB 
Off 
Selectable 


Audio Amp Gain (1) 
+12 
dB 
Max 
A02 to Amp 
+3 
dB 
Mid 
-4 
dB 
Min 
Software 
-60 
dB 
Off 
Selectable 


NOTE: 
1. Assumes 
on-chip 
hybrid is enabled. 
When 
on-chip 
hybrid is disabled, 
gain with respect 
to A02 
is reduced 
by 6 dB. 
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MODEM 
REFERENCE 
MANUAL 


The Modem Reference Manual details design infor- 
mation for the 89024 Modem Chip Set. It provides 
descriptions and specifications of the two chips 
comprising the 89024, the 89026 and the 89027. In 
addition, it describes the control interface between 
the two chips. 


The reference manual also provides a full descrip- 
tion of all the AT commands and S-registers sup- 
ported by the Modem Chip Set. 
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89024 REVISION 
-005 HISTORY 


89024 


The following differences exist between Rev. -004 
and this version of the data sheet: 


1. The internal code has been revised from 1.6 to 
2.0. The following are the major changes and im- 
provements: 


i) Expanded NVRAM (9346) support which al- 
lows storage and retrieval of four phone num- 
bers and two user profiles. Commands sup- 
ported are &n, OS, &Wn and Zn. 
ii) 811 OTMF duration and spacing register sup- 
port 
iii) The B command selects between V.21 and 
Bell 103 modes for 300 bps connections. The 
B/C pin on 89026 is ignored. 


iv) Factory defaults have been changed from 
&CO &00 to &C1, &02 respectively. 
v) Expanded functionality of ATO command. 


ATO from the call program mode causes the 
modem to go into originate mode instead of 
answer mode. When off line, ATO gives "NO 
CARRIER" response, instead of going on 
line. 


vi) Changed response to test modes. 
vii) OTR transition received during idle state will 
not generate any result codes, and will not 
have any effect on the modem. 
viii) 600 bps operation is not supported. 
ix) Switch Hook (8H) option is not supported. 
x) LCLLB and REMLB loopback pins are not 
supported. 
2. Receiver BER performance table has been ex- 
panded. 


3. Frequency and Phase jitter specs have been re- 
moved. 


4. 89024 Reference Manual has been superseded 
by the modem Reference Manual. This is a single 
manual for Intel's modem product line. 
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89C024LT 
ERROR CORRECTING LAPTOP 
~ODEM CHIP SET 
• CHMOS for Low Operating Power 
• On-Chip Serial Port and Handshake 
• Low Stand by Power Requirements 
Signals for RS-232/V.24 Interface 
• Minimum Chip Count for Small size 
• Simple Serial Interface to External 
NVRAM 
• MNp· Operation through Class 4 for 
Automatic 
Speed Matching in MNP and 
Error Correction 
• Normal Modes 
• MNP Class 5 Data Compression 
and 
Hardware and Software Flow Control 
DTE Interface Rates of 9600 bps Can 
• 
Provide Increased Throu-ghput up to 4:1 
• Analog/Digital 
Loopback Diagnostics 
• Serial Command Set Compatible with 
with Mark/Space Pattern Generation 


Hayes·· 
Smartmodem 2400·· 
and Error Detection 
• V.22 bis, V.22 A/B, V.21, Bell 212A, and 
• Telephone Line Audio Monitor Output 


Bell 103 Compatillle 
• Full Set of Control Signals for DAA 
• For Public Switched Telephone 
Interface 


Network and Unconditioned 
Leased 
• International 
Call Progress Tone 
Line Applications 
Detection Capabilities 
• Automatically 
Detects Remote Modem 
• Automatic Adaptive Equalization 
Type and Data Rate 
• Synchronous 
Modes 
• On-Chip Hybrid 
• Easily Customized Command Set and 
• DTMF and Pulse Dialing 
Features 
• Intel's MNP Software Co-Developed 
with R. Scott Associates··· 


89027 
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Figure 
1. 89C024L T System 
Block 
Diagram 


'MNP is a registered trademark of Microcom, Inc. 
"Hayes, 
Smartmodem 2400, and Smartcom 11 are registered trademarks of Hayes Microcomputer Products, Inc. 


"'R. 
Scott Associates, Inc., 5711 Six Forks Road, Suite 301, Raleigh, North Carolina 27609, (919) 846-7171 
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GENERAL 
DESCRIPTION 


89C024LT 


Intel 89C024LT is a highly integrated, low power, 
error correcting laptop modem chip set. This two 
chip solution is composed of the 89027 Analog 
Front 
End 
and 
89C026LT 
microcontroller. 
At 
12.96 MHz the microcontroller is capable of execut- 
ing error correction and data compression routines. 
The system is compatible with the following CCITT 
and BELL standards. 


• CCITT V.22 bis 
2400 bps sync and async 
1200 bps sync and async 


• CCITT V.22 A & B 
1200 bps sync and async 


• CCITT V.21 
o to 300 bps anisochronous 


• BELL 212A 
1200 bps sync and async 
300 bps fall-back mode 


• BELL 103 
o to 300 bps anisochronous 


The 89C024LT system consists of a 16 bit applica- 
tion specific processor (89C026LT) and an analog 
front end device (89027). The 89C026LT processor 
performs all "Digital Signal Processing" algorithm 
execution for processing the modem signals, as well 
as providing all modem control functions typically 
performed by an external processor. The analog 
front end provides for 2 wire and 4 wire telephone 
line interface, DJA conversion, and most of the com- 
plex filtering functions required in QAMJPSKJFSK 
modems. Refer to Figure 1 for a simplified block dia- 
gram of the system. 


In laptop modem applications, the 89C024LT chip 
set along with a Data Access Arrangement (DAA), a 
single 8-bit EPROM, and an 8K x 8 static RAM rep- 
resent the circuitry required for implementing an 
auto-dial, auto-answer, 300 to 2400 bps, MNP class 
5 full duplex Hayes compatible intelligent modem. 
Refer to Figure 2 for a block diagram of this applica- 
tion. 


A complete set of Industry Standard AT commands 
is provided for modem configuration and user inter- 
face. Additional commands have been implemented 
for power down modes and MNP feature control. Vir- 
tually all PC software written for the Hayes Smart- 
modem 2400 can also be used with this chip set. 
Alternatively, in applications where user proprietary 
modem control commands and features are desired, 
the user can replace the 89C024LT command mod- 
ule with custom proprietary software. 


The 89C024LT has a set of default features. Upon 
power up, the modem configuration will be in ac- 
cordance with these default options, unless a differ- 
ent configuration has been saved in optional exter- 
nal NVRAM with the &W command. 


The 89C024LT modem has built in auto-dialing and 
auto-answering capabilities. It can be configured to 
the proper line signaling mode (Tone or Pulse), and 
to the type (CCITT or Bell) and speed of the calling 
or answering modem. It can also detect and identify 
call set-up signals of telephone networks, allowing 
unattended data call operation. 


A full set of diagnostic loop-test features compatible 
with CCITT V.54 is supported. The chip set also pro- 
vides a line signal for audio monitoring of call prog- 
ress, a comprehensive set of DAA control lines for a 
simple interface to the telephone network, and a full 
complement of TTL level RS-2321V.24 handshake 
signals. 


TELEPHONE 
LINE 
(OM) 
INTERFACE 
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Figure 2. 89C024L T Laptop 
Modem Application 
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89C024LT 


PACKAGING 


89027 is available 
in PLCC and standard 
plastic DIP packages. 
The 89C026L T is available 
in a PLCC package. 
Packages 
are shown from top view, looking 
down on component 
side of PC board. 


28-Pin Plastic DIP 


SCLK 


SOATA 


TSYNC 


TX3 


TX2 


A01 


AVcc 


TXl 


TXO 


HYB 


AMP 


A02 


I 


Q 


28-Pin PLCC 


... 


0 
>! 
::;) 
z 
" 
0 
'" 
>- 
-c 
-' 
0 
Q: " 
~ 
Vl 
0 
o 
0 
•.. -' 
... 
Vl 
Vl > 
Vl 
0 


• 
TX2 
X2 


AOl 
vss 


AVcc 
Xl 


TXl 
N89027 
CLKSEL 


TXO 
AGND 


HYB 
RST 


AMP 
CLKOUT2 


N 
- 0 "'- 
N 
0 
0 
"'N 
N ... 
-c 
> .•• ... 
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Vcc 


STR 


CLKOUT 


X2 


Yss 


Xl 


CLKSEL 


AGND 


RST 


CLKOUT2 


EO 


AZ2 


AZl 


Vee 
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68-Pln PLCC 


Q 


I 


AGND 


VREF 


.CDE 


PO 


RST 


SDATA 


SCLK 


TClO 


TCLl 
sji. 


RTS 


CTS 


STR 


DTR 


XTClK 


ADO 


ADl 


AD2 


AD3 


AD4 


AD5 


AD6 


AD7 


AD8 


AD9 


AD10 


ADll 


AD12 


AD13 


AD14 


AD15 
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Figure 3. Device Packages 
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CALL ESTABLISHMENT, 
TERMINATION 
AND RETRAIN 


The 89C024l T modem system incorporates all pro- 
tocols and functions required for automatic or manu- 
al call establishment. The modem system also incor- 
porates all protocols and functions required for prog- 
ress and termination of a data call. 


The modem chip set has a built-in auto-dialer, both 
DTMF and Pulse type. It can detect dial, busy, and 
ringback signals from the remote end, and will pro- 


, vide call progress messages to the user. The mo- 
dem is also capable of re-dialing the last number 
dialed. 


The modem, when configured for auto-answer, will 
answer an incoming call, remain silent for the two 
second billing delay interval, and then transmit the 
answer tones. Afterwards modem to modem identifi- 
cation and handshaking will proceed at a speed and 
operating mode acceptable to both ends of the link. 


The data call can also be setup by manual dialing. A 
transition from voice (i.e., for the purpose of manual 
dialing) to data mode can be done by the use of a 
mechanical switch (exclusion key) on the SH pin. 
Once set to data mode, the modem handshaking will 
proceed before the modems will be ready to accept 
and exchange data. 


During data transmission, if one of the modems finds 
that the received data is likely to have a high bit error 
rate (indicated by a large mean square error in the 
adaptive equalizer), it initiates a retrain sequence. 
This automatic retrain feature is only available at 
2400 bps, and is compatible with CCITT V.22 bis 
recommendations. 


Disconnection of the data call can be initiated by the 
DTE at the local end or by the remote DTE (if the 
modem is configured to accept it). Whether DTR will 
initiate a disconnect depends on the last &D com- 
mand. Receiving a long space from a remote mo- 
dem will initiate a disconnect only after a Y1 com- 
mand. The optional disconnect requests, originated 


by the remote modem, are of two types, (1) discon- 
nect when receiving long-space, and (2) disconnect 
when received carrier is dropped. The modem chip 
set can also be configured to transmit "long-space" 
just before disconnection. 


Because the CCITT and Bell modem connection 
protocols do not provide recognition of remote mo- 
dem type (i.e. V.22 bis to 212A), the Intel chip set 
provides the additional capability of identifying the 
remote.modern type. This feature is beneficial during 
the migration phase of the technology from the 1200 
bps to 2400 bps. In North America, where the in- 
stalled base of 1200 bps modems is mostly made-up 
of 212A type, this feature allows a "Data Base Serv- 
ice Provider" to easily upgrade the existing 212A 
modems to 2400 bps V.22 bis standard, transparent- 
ly, to 212A users. Similarly, a user with a 89C024l T 
based modem system can automatically call data 
bases with either 212A or V.22 bis modems, without 
concern over the difference. This feature's benefits 
are realized in smooth upgrading of data links, with 
minimum cost and reduced disruption in services. 
Refer to Table 1 for a detailed description of remote 
modem compatibility. 


SOFTWARE 
CONFIGURATION 
COMMANDS 


This section lists the 89C024l T commands and reg- 
isters that may be used while configuring the mo- 
dem. Commands instruct the modem to perform an 
action, the value in the associated registers deter- 
mine how the commands are performed, and the re- 
sult codes returned by the modem tell the user 
about the execution of the commands. 


The commands may be entered separately or in 
string fashion. Any spaces within or between com- 
mands will be ignored by the modem. During the en- 
try of any command, the 'backspace' key (CNTRl H) 
can be used to correct any error. Upper case or low- 
er case characters can be used in the commands. 
Commands described in the following paragraphs 
refer to asynchronous terminals using ASCII codes. 
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Table 
1. Remote 
Modem 
Compatibility 


Originating 
Answering 
Modem 
89C024LT 
Bell 
Bell 
CCITT 
CCITT 
CCITT 
Modem 
300 
1200 
300 
1200 
2400 


Bell 
300 
300 
300 
- 
300' 
300' 
1200 
1200' 
1200 
- 
1200 
1200 
CCITT 
300 
- 
- 
300 
- 
- 
1200 
1200' 
1200 
- 
1200 
1200 
2400 
1200' 
1200 
1200 
2400 


Answering 
Originating 
Modem 
89C024LT 
Bell 
Bell 
CCITT 
CCITT 
CCITT 
Modem 
300 
1200 
300 
1200 
2400 


Bell 
300 
300 
1200 
- 
1200 


I 
1200 
1200 
300 
1200 
- 
1200 
1200 
CCITT 
300 
- 
- 
300 
- 
- 
1200 
300' 
1200 
- 
1200 
1200 
2400 
300' 
1200 
- 
1200 
2400 


• These 
connection 
data rates are obtained 
when 
connecting 
89C024L T based 
modems 
end to end. The same results 
may 
not be obtained 
when 
a 89C024L T based 
modem 
is connected 
to other 
modems. 


Command 
Set 


AT 
A 
AI 
Bn 


Os 


En 
Hn 


In 
Ln 
Mn 
o 
On 
Sn=x 
Sn? 
Vn 
Xn 
Yn 
Z 
+++ 


Attention 
code. 


Go off-hook 
in answer mode 
Repeat previous command 
string 
BELL/CCITT 
Protocol 
Compatibility 
at 
300 and 1200 bps 
The dialing commands 
(0-9 A B CD' 
# PR T SW,; 
@) 
Echo command 
(En) 
Switch-Hook 
Control 
If &J1 option is selected, 
H1 will also 
switch the auxiliary relay 
Request 
Product Code and Checksum 
Speaker 
Volume 
Monitor On/Off 
On-Line 
Result Codes 
Write S Register 
Read S Register 
Enable Short-Form 
Result Codes 
Enable Extended 
Result Code 
I 


Enable Long Space Disconnect 
Fetch Configuration 
Profile 
The Default Escape Code 
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MNP Feature 
Control 
Command 
Set 


\An 
Maximum 
MNP Block Size 
%An 
Set Auto-Reliable 
Fallback 
Character 
\Bn 
Transmit 
Break 
\Cn 
Set Auto-Reliable 
Buffer 
\Gn 
Set Modem Port Flow Control 
\In 
Bits per Second 
Rate Adjust 
\Kn 
Set Break Control 
\Nn 
Set Operating 
Mode 
\0 
Originate 
Reliable 
Link 


'. 


\On 
Set Serial Port Flow Control 
\Tn 
Set Inactivity 
Timer 
\U 
Accept 
Reliable 
Link 
Wn 
Modify Result Code Form 
\Xn 
Set XON/XOFF 
Pass-Through 
\Y 
Switch to Reliable 
Mode 
\Z 
Switch to Normal Mode • 


& Command 
Set 


, 


&Cn 
&Dn 
&Fn 
&Gn 
&In 
&Ln 
&Mn 
&Pn 
&Rn 
&Sn 
&Tn 
&Wn 
&Xn 
&Yn 
&Zn 


DCDOptions 
DTR Options 
Fetch Factory Configuration 
Profile 
Guard Tone 
Telephone 
Jack Selection 
Leased/Dial-up 
Line Selection 
Async/Sync 
Mode Selection 
Make/Break 
Pulse Ratio 
RTS/CTS 
Options 
DSR Options 
Test Commands 
Write Configuration 
to Non Volatile_Memory 
Sync Clock Source 
Default NVRAM 
Profile Select 
Store Telephone 
Number 


+ Command 
Set 
+ En 
Disable/Enable 
Power Down 
+ Tn 
Time to Power Down 


CONFIGURATION 
REGISTERS 


89C024LT 


The modem 
stores 
all the configuration 
information 
in a set of registers. 
Some registers 
are dedicated 
to 
a special command 
and function, 
and others are bit- 
mapped, 
with different 
commands 
sharing the regis- 
ter space to store the command 
status. 


SO· 
Ring to Answer 
S1 
Ring Count. (Read Only) 
S2 
Escape Code Character 
S3 
Carriage Return Character 
S4 
Line Feed Character 
S5 
Back Space Character 
S6 
Wait for Dial Tone 
S7 
Wait for Data Carrier 
S8 
Pause Time for the Comma Dial Modifier 
S9 
Carrier Detect Response 
Time 
S10 
Lost Carrier to Hang Up Delay 
S11 • 
DTMF Tone Duration 
S12 
Escape Code Guard Time 


I 
S13 
Not Used 
S14· 
Bit Mapped Option Register 
S15 
Not Used 
S16 
Modem Test Options 
S17 
Not Used 
S18 • 
Test Timer 
S19 
Not Used 
S20 
Not Used 
S21 • 
Bit Mapped 
Options 
Register 
S22 • 
Bit Mapped Options 
Register 
S23 • 
Bit Mapped Options 
Register 
S24 
Not Used 
S25 • 
Delay to DTR (Sync Only) 
S26 • 
RTS to CTS Delay (Half Dup.) 
S27· 
Bit Mapped Options 
Register 
S31 • 
Bit Mapped Options 
Register 


NOTE: 
• These 
S registers 
can be stored 
in the NVRAM. 


DIALlNG 


Dial modifiers 
are available 
for adding 
conditions 
to 
dialed phone 
numbers. 
Dial Modifiers 


P 
Pulse Dial 
R 
Originate 
call in Answer Mode 
T 
Tone Dial 
S 
Dial a stored number 
W 
Wait for dial tone 
Delay a dial sequence 
Return to command 
state 
! 
Initiate a flash 


@ 
Wait for quiet 


Example: 


Terminal: 
Modem: 


Result: 


AT &ZO = T 1 (602) 555-1212 
OK 


Modem 
stores 
the Tone 
Dial (T) modifier 
and phone 
number T16025551212 
in the 
external 
NVRAM. 


The number can be dialed from asynchronous 
mode 
by issuing the following 
command: 


Terminal: 
AT DSO 
Modem: 
T16025551212 


Result: 
Modem dials phone number and attempts 
to establish 
a connection. 


or by turning on DTR when in Synchronous 
Mode 2. 
Up to 33 symbols 
(dial digits and dial modifiers) 
may 
be stored. 
Spaces 
and other 
delimiters 
are ignored 
and do not need to be included 
in the count. 
If more 
than 33 symbols 
are supplied, 
the dial string will be 
truncated 
to 33. 


POWER 
MANAGEMENT 


The flexible 
power management 
controls 
allow for a 
variety 
of command 
and 
hardware 
driver 
options. 
The power 
down sequence 
is initiated 
by placing 
a 
logic 
"Iow" 
on pin 15 (PD) of the 89C026L T. The 
laptop 
can control 
the PD signal 
directly. 
If such a 
signal is unavailable, 
PD can be controlled 
by com- 
munications 
software 
via DTA. Lack of data activity 
or an in-coming 
ring signal can also be used to con- 
trol PD. 


Placing the crystal 
on the 89C026L T (Figure 
10) al- 
lows it to reduce 
power 
consumption 
by turning 
off 
the oscillator. 
When 
on line and connected 
to a re- 
mote 
modem, 
the 
power 
consumption 
for 
the 
89C024L T is typically 
400 
mW. Additionally, 
when 
the 89027 is not needed 
(on-hook, 
not connected 
to 
a remote 
modem) 
the 89C026L T places 
it in stand- 
by. In standby 
the 
chip 
set power 
consumption 
is 
typically 
255 mW. When 
powered 
down via the PD 
pin on the 
89C026L T, the 
chip 
set 
typically 
con- 
sumes 5 mW. Minimum 
memory-system 
power-con- 
sumption 
can be achieved 
by chip selecting 
memory 
only when addressed. 


APPLICATIONS 
OVERVIEW 


The block diagram of a stand-alone 
300 to 2400 bps 
Hayes 
compatible 
modem 
is depicted 
in Figure 
4. 
The DAA section 
shown 
in this diagram 
may be im- 
plemented 
using the suggested 
diagram 
in Figure 5. 
Figure 6 shows the use of the power-down 
feature. 
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Figure 4. Typical 
Laptop Modem 
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Figure 5. Typical 
Telephone 
Line Interface 
Using Internal 
Hybrid 
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Figure 6. Power-Down 
Control 
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SYSTEM 
COMPATIBILITY 
SPECIFICATIONS 


Parameter 
Specification 


Synchronous 
2400 bps ± 0.01 % 
V.22 bis 
1200bps 
±0.01% 
V.22 and BELL 212A 


Asynchronous 
2400, 1200 bps, character 
asynchronous. 


o - 300 bps anisochronous. 


Asynchronous 
Speed Range 
+ 1% - 2.5% default. 
Extended + 2.3% 
- 2.5% range of CCITT 


~1 
standards 
optional 
via software 
customization. 


. Asynchronous 
Format 
10 bits, including 
start, stop, parity. (8, 9, 11 bits optional 
via S/W 
customization.) 


Synchronous 
Timing Source 
a) Internal, 
derived 
from the local oscillator. 
b) External, 
provided 
by DTE through 
XTCLK. 


c) Slave, derived from the received 
clock. 


Telephone 
Line Interface 
Two 
wire 
full 
duplex 
over 
public 
switched 
network 
or 4 wire 
leased 
lines. 


On-chip 
hybrid and billing delay timers. 


Modulation 
V.22 bis, 16 point QAM at 600 baud. 
V.22 and 212A, 4 point PSK at 600 baud. 
V.21 and 103, binary phase coherent 
FSK 


Output Spectral 
Shaping 
Square root of 75% raised cosine, QAM/PSK. 


Transmit 
Carrier Frequencies 
V.22 bis, V.22, 212A 
Originate 
1200 Hz ± .02% 
, 


Answer 
2400 Hz ± .02% 
, 


V.21 
Originate 
'space' 
1180 Hz ± .02% 
Originate 
'mark' 
980 Hz ± .02% 
Answer 'space' 
1850 Hz ± .02% 
Answer 'mark' 
1650 Hz ± .02% 
Bell 103 mode 
Originate 
'space' 
1070 Hz ± .02% 
Originate 
'mark' 
1270 Hz ± .02% 
Answer 
'space' 
2020 Hz ± .02% 
Answer 'mark' 
2225 Hz ± .02% 


Received 
Signal Frequency 
Tolerance 
V.22 bis, V.22, 212A 
Originate 
2400 Hz ± 7 Hz 
Answer 
1200 Hz ± 7 Hz 


! 
V.21 
Originate 
'space' 
1850 Hz ± 12 Hz 
Originate 
'mark' 
1650 Hz ± 12 Hz 
Answer 'space' 
1180 Hz ± 12 Hz 
Answer 
'mark' 
980 Hz ± 12 Hz 
Bell 103 
Originate 
'space' 
2020 Hz ± 12 Hz 
Originate 
'mark' 
2225 Hz ± 12 Hz 
Answer 'space' 
1070 Hz ± 12 Hz 
Answer 'mark' 
1270 Hz ± 12 Hz 


Typical Energy Detect Sensitivity 
Greater 
than 
-43 
dBm 
ED is ON. Less than 
-48 
dBm 
ED is 
OFF. Signal in dBm measured 
at A02. 


Energy Detect Hysteresis 
A minimum 
Hysteresis 
of 2 dB for QAM scrambled 
mark. 


Line Equalization 
Fixed compromise 
equalization, 
transmit. 


Adaptive 
equalizer for PSK/QAM, 
receive . 


Diagnostics 
Available 
. 
Local analog loopback. 
Local digital loop back. 
Remote digital loop back. 


Self Test Pattern Generator 
Alternate 
'ones' 
and 'zeros' 
and error detector, 
to be used along 
with most loopbacks. 
A number 
indicating 
the bit errors detected 
is sent to DTE. 
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RECEIVER 
PERFORMANCE 
SPECIFICATIONS 


Test Cases 
Typical SNR for 
10-5 BER Performance 


Data 
Rx Level 
Answer 
Originate 
Mode 
(dBm) 
(dB) 
(dB) 


V.22 bis 
-30 
16 
16.5 
Synchronous 
-40 
16.5 
18 


V.22/Bell 
212A 
-30 
6.5 
6.5 
Synchronous 
-40 
6.5 
6.5 


V.21 
, 


-30 
9 
7.5 
Asynchronous 
-40 
9 
8 


Bell 103 
-30 
10 
11.5 
Asynchronous 
-40 
10 
11.5 


Test Conditions: 


- 
Receive 
Signal (Rx) measured 
at A02 (transmit 
level set at - 9 dBm) 


- 
Unconditioned 
3002 Line 


- 
3 KHz Flat-Band 
Noise 


PERFORMANCE 
SPECIFICATIONS 


Parameter 
Min 
Typ 
Max 
Units 
Comments 


DTMF Level 
4.0 
dBm 
atA01 


DTMF Second 
Harmonic 
-35 
dB 
HYB enabled 
into 600n 


DTMF Twist (Balance) 
3 
dB 


Default DTMF Duration 
100 
ms 
Software 
Controlled 


Pulse Dialing Rate 
10/20 
pps 
Software 
Controlled 


Pulse Dialing Make/Break 
39/61 
% 
US 
33/67 
% 
UK, Hong Kong 


Pulse Interdigit 
Interval 
785 
ms 


Billing Delay Interval 
2.1 
sec 


Guard Tone Frequency 
540 
Hz 
Amplitude 
-3 
dB 
referenced 
to High 
Channel transmit. 


Frequency 
1800 
Hz 
QAM/PSK 
Modes Only 
Amplitude 
-6 
dB 


Dial Tone Detect Duration 
3.0 
sec 


Ringback 
Tone Detect 
Duration 
0.75 
sec 
Cadence 
1.5 
Off/On 
Ratio 


Busy Tone Detect 
Duration 
0.2 
sec 
Cadence 
0.67 
1.5 
Off/On 
Ratio 
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89C026L T OVERVIEW 


The 89C026LT processor performs data manipula- 
tion, signal processing and user interface functions. 
It requires a single ROM and RAM to execute stan- 
dard, and/or custom code with high level protocol 
functions. A block diagram of the 89C026LT is pro- 
vided in Figure 7. 


89C026LT contains a TTL compatible serial link to 
DTE equipment, along with a full complement of 
V.24/RS-232-C control signals. A UART or USART 
may be used to transfer data to and from a micro- 
computer bus. The 89C026LT supports the industry 
standard AT command set facilitating compatability 
with most PC software. 


During transmit operation, the 89C026LT synthe- 
sizes DTMF tones and the 300 BPS FSK modem 
signal and transmits them to the 89027 as digitized 
amplitude samples. During 1200 and 2400 BPS op- 


eration, DPSK and QAM is used to send 2 to 4 bits 
of information respectively at 600 baud to the AFE. 
Because the QAM coding technique is an inherently 
synchronous transmission mechanism, in the case 
of asynchronous QAM transmission, the asynchro- 
nous data is synchronized by adding or deleting stop 
bits. Following the synchronization process, the 
89C026LT transmits digitized phase and amplitude 
samples to 89027 over the high speed serial link. 


In the receive operation, the information is received 
by the 89C026LT from the 89027 as two signals 
which are 90 degrees phase shifted from each oth- 
er. These analog signals are then digitized by the 
AID converter resident on the 89C026LT. By using 
DSP algorithms, the received signals are processed 
using adaptive equalization for telephone line delay, 
amplitude distortion and gain adjustments and the 
signal demodulated. Following demodulation, the 
data is unscrambled, and if necessary, returned to 
asynchronous format. 


r-;::::====::t:~ 
.------------------ 
e. 
I 
I 
I 
I 
I 
I 
I 
I 
RXD(103) 
TDX(104) ---+--+ 
TCLK(114) 
. 


RCLK(115) 
fSK 
XTCLK(113) 
---L....+ 
I~D~A:r.TA~;::==::::::_--1 
RfS 4-+ 
c:Q 
RETRAIN 
L,;;,,;";';'';';''';;;'';'';.;;..J 
CTS 
~~ 
DTR 
5 ~ 
L~~~~~K 
(+---...."",------, 


__ 
DSR 
I 
'" ••• 
DETECT 
REMLB(140) --.---+ 
!z ~ 
LCLLB(141) -----+ 
8 ~ 
Si 
I 
j 
W ~ 
fii 
~ Vl I+~--i 
DCD 
••. z 
DATA 
TCLO ---L....+ 
~ ~ 


TCLl 4-+ ~~ 
CONne ---.--+ 
::i. 5 


S[A 
; 
: 
13 ~ 
t-::D~AT~A"" 


EQ 
I 
i5 8 
~===~ 
••• 
OH 
AR 
SE ---+--+ 
~ ---r--+ 
D/S -----+ 
I 
I 
I 
I 
I 
I 
~--l---r-r-T-T--T---r---l----------------------------! 


RST 
EA 
CDE 
VCC 
VSS1 
VSS2 
AGND 
Vpp 


MUX 
~;K-; DrMf:-ANSWER 


......,,:.;fS:;;,K:..- 
-+I MOD 
: TONE: 
TONE 
DATA 
• I GEN. I 
GEN. 


CLKIN2 


1•..-======:::::: 
CLKIN 
.•• 
VREf 


TSYNC 


SCLK 


SDATA 


EO 


STR 


COMMAND INTERPRETER 


AUTO BAUD-RATE/ 


1+--+1 
DATA fORMAT 
DETECTOR 


290272-8 


MNP 
PROTOCOL 
ENGINE 


Figure 7. 89C026L T Block Diagram 
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89C026L T PINOUT 


Symbol 
Function 
(89C024L T) 
Dlrectlon(4) 
Pin No. 


CLKIN 
12.96 MHz master clock from 89027 
In 
67 
CLKIN2 
270 KHz from 89027 
In 
44 
RST 
Chip reset (active low) 
In 
16 


I 
In-phase 
received 
signal 
In 
11 
0 
Ouadrature-phase 
received 
signal 
In 
10 
STR 
Symbol Timing from 89027 
In 
24 
ED 
Energy Detect input 
In 
9 


TSYNC 
Transmitter 
sync pulse to 89027 
Out 
35 
SDATA 
Serial Data to 89027 
Out 
17 
SCLK 
Serial Clock to 89027 
Out 
18 


OH 
Off-Hook 
control to DM 
Out 
33 
SH 
Switch-Hook 
from dataphone 
In 
5 
RI 
Ring Indicator from DM 
In 
42 
AR 
Aux Relay control to DM 
Out 
38 


TCL1 
NVRAM Data I/O 
I/O 
20 
TCLO 
NVRAMCLK 
Out 
19 
PD 
Power-down 
control 
In 
15 
SlA 
NVRAMCE 
Out 
21 


D/S 
Dumb/Smart 
mode select 
In 
6 
CON FIG 
Reserved 
for future use (VCc>(2) 
In 
8 


TM 
Test Mode Indicator 
Out 
39 


TXD 
Transmitted 
data from DTE 
In 
27 
RXD 
Received 
data to DTE 
Out 
29 
RTS 
Request to send from DTE 
In 
22 
CTS 
Clear to Send to DTE 
Out 
23 
DSR 
Data Set Ready to DTE 
Out 
30 
DCD 
Data Carrier Detect to DTE 
Out 
31 
DTR 
Data Terminal 
Ready from DTE 
In 
25 
RCLK 
Received 
clock to DTE 
Out 
34 
TCLK 
Transmit 
clock to DTE 
Out 
28 
XTCLK 
External timing clock from DTE 
In 
26 
Si 
Speed Indicator to DTE 
Out 
32 
REMLB 
Remote 
Loopback 
Command 
from DTE 
In 
7 
LCLLB 
Local Loopback 
Command 
from DTE 
In 
4 


Vcc 
Positive power supply (+ 5V) 
+5V 
1 
CDE 
Clock detect enable (VSS)(1) 
GND 
14 
VREF 
A/D converter 
reference 
+5V 
13 
VSS1 
Digital ground 
GND 
36 
VSS2 
Digital ground 
GND 
68 
AGND 
Analog ground 
AGND 
12 
Vpp 
Timing pin for return from power-down 
In 
37 


EA 
External 
Memory enable 
In 
2 
ADO-AD15 
External memory access address/data(3) 
I/O 
60-45 
M 
Auto Answer(3) 
Out 
60 
:is 
Jack Select(3) 
Out 
59 
CD 
Carrier Detect Indicator(3) 
Out 
58 
MR 
Modem Ready Indicator(3) 
Out 
57 
REL 
MNP Reliable 
Link Active(3) 
Out 
56 
CLASS5 
MNP Class 5 Compression 
Active(3) 
Out 
55 
ERR 
Error detected 
by MNP(3) 
Out 
54 
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89C026L T PINOUT (Continued) 


89C024LT 


Symbol 
Function (89C026LT) 
Direction(4) 
Pin No. 


NMI 
Non-maskable Interrupt(Vss)(ll 
In 
3 
X2 
Crystal output 
Out 
66 
CLKOUT. 
Clk output 
Out 
65 
BUSWIOTH 
Bus Width 
In 
64 
INST 
External memory instruction fetch 
Out 
63 
ALE 
Address latch enable 
Out 
62 
RO 
External memory read 
Out 
61 
READY 
External memory ready 
In 
43 
BHE 
External memory bus high enable 
Out 
41 
WR 
External memory write 
Out 
40 


NOTES: 
1. Pins marked 
with (Vssl must be connected 
to Vss. 
2. Pins marked 
with (Vcc)...'!!.us'!'pe connected 
to VCC. 


3. ADO-AD3 
are used as AA, JS, CD, MR , REL, CLASS 
5, and ERR respectively. 


4. Pins with direction 
"IN" 
must not be left floating. 


89C026L T PIN DESCRIPTION 


XTCLK 
Transmitter timing from OTE, when external clock 
option is selected. 


TXD 
The serial data from OTE to be transmitted on the 
line. A logic 'high' is mark. In synchronous mode, 
89C026LT samples this data on the rising edges of 
TCLK. 


TCLK 
Clock output from 89C026LT as timing source for 
data exchange from OTE to modem. Serial data is 
read on the rising edges of the TCLK. This output is 
High in asynchronous mode. 


RXD 
The serial data to OTE. A logic 'high' is mark. In 
synchronous mode, the rising edge of RCLK occurs 
in the middle of RXO. 


RCLK 
Synchronous clock output. Rising edge of RCLK oc- 
curs in the middle of each RXO bit. This pin remains 
High in asynchronous mode. 


PD 
Power-down control. A low on this input pin, in con- 
junction with the + En and +Tn commands, will 
cause the modem to go into a power-down mode. 


Vpp 
Timing pin for return from power-down. Connect a 
1.0 /Lfcapacitor between Vpp and VSSif the power- 


down option is used. This capacitor causes an inter- 
nal timing circuit to give the oscillator time to stabi- 
lize before turning on internal clocks. This pin may 
be left floating or connected through a 1.0 /LF ca- 
pacitor to Vss if power-down mode is not required. 


TM 
A low indicates maintenance condition in the mo- 
dem. 


DCD 
In async operation, OCO remains low regardless of 
data carrier (default), or it can be programmed to 
indicate received carrier signal is within the required 
timing and amplitude limits. In sync operation low 
indicates the received carrier signal is within the re- 
quired timing and amplitude limits. 


DSR 
A low indicates modem is off-hook, is in data trans- 
mission mode, and the answer tone is being ex- 
changed. CTS low indicates modem is prepared to 
accept data. 


RTS 


In async mode RTS i~nored. 
Under command 
control, in sync mode RTS can be ignored, or the 
modem can respond with a Low on CTS'- 


DTR 
&00 command will cause the modem to ignore OTA. 
For &01 the modem assumes the asynchronous 
command state on a low-to-high transition of the 
OTR circuit. The &02 command does the same as 
&01 except the state of OTR will enable/disable 
auto answer. A low-to-high transition of OTR after 
the &03 command will cause the modem to assume 
the initialization state. 
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TCl1,TClO 


These pins are used as the serial clock and data for 
interface 
to an NVRAM. 
Refer to Figure 3. TCLO is 
used to output a clock and serial data is transferred 
in on TCL1. 


AR 


This Auxiliary relay control 
is for switching 
a relay for 
voice or data calls. High is voice, 
low is data. 


RI 


A low signal 
from 
DAA indicates 
line ringing. 
This 


input is ignored 
when the modem 
is configured 
for 
leased 
line. This 
signal 
should 
follow 
the 
ring ca- 
dence. 


OH 


Low sets an off hook condition, 
high indicates 
an on 
hook. When dialing, 
this signal is used to pulse dial 
the line. 


SH 


Used 
as a telephone 
voice 
to data 
switch 
or vice 
versa. 
Any logic level transition 
will toggle 
the mo- 
dem state between 
voice and data. 


AA 


Used 
as an indicator 
for Auto 
Answer 
status 
and 
Ring indicator. 
Active 
low. 


lCllB 


A low will set the modem 
in the local analog 
loop- 
back 
test 
mode. 
Logic 
Low levels 
applied 
simulta- 
neously to REMLB and LCLLB pins, sets the modem 
to the local digital loop back. 


REMlB 


A low on this pin initiates 
a remote 
loopback 
condi- 
tion. 


CD 


A Low indicates 
the presence 
of carrier signal on the 
line. 


MR 


A low 
indicates 
the 
presence 
of the 
DSR 
signal. 


Toggling 
indicates 
that a test mode is active. 


REl 


A low indicates 
that an MNP reliable 
link has been 
established. 


CLASS5 


A low indicates that MNP Class 5 (data compres- 
sion) is in operation. 


ERR 


Goes 
low' for 1 second 
whenever 
MNP detects 
an 
error. 


Si 


Selects 
one of the two data rates or ranges of rates 
in the DTE to correspond 
to the rate in modem. 
Low 
selects 
the higher rate (2400 CCITT 11200 BELL) or 
range of rates. High selects the Low rate or range of 
rates. 


D/S 


A low on this pin will indicate 
the smart mode which 
will respond 
to all commands. 
A High will ignore all 
commands. 


VREF 


Voltage 
reference 
for the analog to digital converter 
should 
be connected 
to the 89027 AVcc. 


CDE 


This pin must be connected 
to vss: 


S/A 


The 
function 
of this 
pin is re-defined 
as external 
NVRAM 
CE. 


CON FIG 


Reserved 
for future use. This signal should be pulled 
high. 


EA 


When 
high, memory 
access 
from address 
2000H to 
4000H 
are directed 
to on-chip 
ROM. When 
low, all 
Memory 
access 
is directed 
to off-chip 
memory. 
This 
pin must be tied high. 


JS 


Low is used to pulse A and A 1 leads to control 
a 1A2 
Key System jack. 


BUSWIDTH 


When 
high, external 
memory 
accesses 
are 16 bits 
wide. 
When 
low, external 
memory 
accesses 
are 8 
bits wide. This pin must be tied low. 


READY 


When 
high, no wait states 
are inserted 
in external 
memory 
accesses. 
When 
low, one wait state 
is in- 
serted 
in each external 
memory 
access. 
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89C026L T ABSOLUTE 
MAXIMUM 
RATINGS· 


Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
- 40°C to + 125°C 


Voltage 
from Any Pin to 
Vss or AGND 
-0.5V 
to + 7.0V 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation 
1.5 Watts 


OPERATING 
CONDITIONS 


NOTICE: This data sheet 
contains 
information 
on 
products in the sampling and initial production phases 
of development. 
The specifications 
are subject 
to 
change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress rstings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
°C 


Vcc 
Digital Supply Voltage 
4.75 
5.25 
V 


VREF 
Analog Supply Voltage 
4.75 
5.25 
V 


tosc 
CLKIN Frequency 
12.95870 
12.96130 
MHz 


NOTE: 
The AGND and Vss on both the 89C026LT and the 89027 must be nominally at the same potential. 


D.C. CHARACTERISTICS 


Symbol 
Parameter 
Min 
Typ(7) 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage(1) 
0.2Vcc 
+ 0.9 
vcc + 0.5 
V 


VIH1 
Input High Voltage 
on CLKIN 
0.7 vcc 
vcc + 0.5 
V 


VIH2 
Input High Voltage 
on RESET 
2.2 
vcc + 0.5 
V 


VOl 
Output Low Voltage 
0.3 
V 
IOl = 200/-LA 
0.45 
V 
IOl = 3.2mA 
1.5 
V 
IOl = 7mA 


VOH 
Output 
High Voltage(4) 
vcc - 
0.3 
V 
IOH = -200/-LA 
vcc - 
0.7 
V 
IOH = -3.2 
mA 
vcc - 
1.5 
V 
IOH = -7 
mA 


VOH1 
Output High Voltage(3) 
vcc - 0.3 
V 
IOH = -10/-LA 
vcc - 
0.7 
V 
IOH = -30/-LA 
vcc - 
1.5 
V 
IOH = -60/-LA 


lu 
Input Leakage Current(5) 
±10 
/-LA 
o < VIN < vcc - 
0.3V 


IU1 
Input Leakage Current(6) 
±3 
/-LA 
0< 
VIN < VREF 


III 
Logical 0 Input Current(3) 
-50 
/-LA 
VIN = 0.45V 


Ilu 
Logical 0 Input Current 
-850 
/-LA 
VIN = 0.45V 
in RESET(2) (ALE, RD, 
WR, BHE, INST, SCLK) 
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D.C. CHARACTERISTICS 
(Continued) 


Symbol 
PJlrameter 
Min 
Typ(7) 
Max 
Units 
Test Conditions 


IREF 
AID Converter 
2 
5 
mA 
CLKIN = 12.96 MHz 


Reference 
Current 
vcc = Vpp = VREF = 5.25 


ICC1 
Active Mode Current 
45 
60 
mA 
CLKIN = 12.96 MHz 


(Typical) 


RRST 
RESET Pullup Resistor 
6K 
50K 
n 


Cs 
Pin Capacitance 
10 
pF 
fTEST = 1.0 MHz 
(Any Pin to VSS) 


IpD 
Power-Down 
Mode Current 
5 
50 
/kA 
VCC = Vpp = VREF = 5.25 


NOTES: 
(Notes apply to all specifications) 
1. All pins except RESET and CLKIN. 
2. Holding these pins below VIH in RESET may cause the part to enter test modes. 
3. TCLO,TCL1, S/A, RTS, CTS, DSR, DCD, Si, OR. 
4. BHE, INST, CLKOUT, RESET, TCLK, RXD, RCLK, TSYNC, TM, SCLK, SDATA. The VOH specification is not valid for 
RESET. 
5. CDE, EA, READY, BUSWIDTH, NMI, STR, DTR, XTCLK, TXD, B/C, 
CLKIN2, and RI. 


6. S/D, Si=\,REMLB, LCLLB, I, Q, CONFIG, ED. 
7. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature 
and VREF= vcc = 5V. 


A.C. CHARACTERISTICS 
(Over specified 
operating 
conditions) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, rose 
12.96 MHz 


This 
system 
must 
meet 
these 
specifications 
to work 
with 
89C026L T: 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
2Tosc 
- 
85 
ns 


TLLYV 
"ALE Low to READY Setup 
Tosc 
- 
72 
ns 


TYLYH 
Non READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
(Note 1) 


hLYX 
READY Hold after ALE Low 
Tosc 
- 
15 
2 Tosc 
- 
40 
ns 
(Note 1) 


TAVGV 
Address 
Valid to Buswidth 
Setup 
2 Tosc 
- 
85 
ns 


TLLGV 
ALE Low to Buswidth 
Setup 
Tosc 
- 
70 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address Valid to Input Data Valid 
3 Tosc 
- 
67 
ns 


TRLDV 
RD Active to Input Data Valid 
Tosc 
- 
23 
ns 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
50 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
- 
20 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTE: 
1. If max is exceeded, additional wait states will occur. 
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A.C. CHARACTERISTICS 
(Continued) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall tines = 10 ns, tosc 
12.96 MHz 


The 89C026L T will 
meet 
these 
specifications: 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


FCLKIN 
Oscillator 
Frequency 
12.95870 
12.96130 
MHz 


Tosc 
Oscillator 
Period 
1/FCLKIN(MAX) 
1/FCLKIN(MIN) 
ns 


TXHCH 
FCLKIN High to CLKOUT 
High or Low 
40 
110 
ns 
(Note 1) 


TCLCL 
CLKOUT 
Cycle Time 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc - 
10 
Tosc + 10 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-5 
15 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-15 
15 
ns 


TLHLH 
ALE Cycle Time 
4 TOSC 
ns 


TLHLL 
ALE High Period 
Tosc - 
10 
Tosc + 10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc - 
20 
ns 


TLLAX 
Address 
Hold after ALE Falling Edge 
Tosc - 
40 
- 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc - 
40 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
5 
30 
ns 


TRLRH 
RD Low Period 
Tosc - 
5 
Tosc + 25 
ns 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc + 25 
ns 
(Note 2) 


TRLAZ 
RD Low to Address 
Float 
10 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc - 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
25 
ns 


TOVWH 
Data Stable to WR Rising Edge 
Tosc - 
23 
ns 


TCHWH 
CLKOUT 
High to WR Rising ~dge 
-10 
10 
ns 


TWLWH 
WR Low Period 
Tosc - 
30 
Tosc + 5 
ns 


TWHOX 
Data Hold after WR Rising Edge 
Tosc - 
10 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc - 
10 
Tosc + 15 
ns 
(Note 2) 


TWHBX 
BHE, INST, Hold after WR Rising Edge 
Tosc - 
10 
ns 


TRHBX 
BHE, INST, Hold after RD Rising Edge 
Tosc - 
10 
ns 


TWHAX 
AD8-15 
Hold after WR Rising Edge 
Tosc - 
50 
ns 


TRHAX 
AD8-15 
Hold after RD Rising Edge 
Tosc - 
25 
ns 


NOTES: 
1. Typical 
specifications, 
not guaranteed. 


2. Assuming 
back-to-back 
bus cycles. 
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WAVEFORMS 


CLKIN 


CL KOUT 


ALE 


----1+-- 
tLLRL ---J..>-- 


r-- tAVLL --.-1--- 


BUS 
ADDRESS 
OUT 


;. tAVDV 
tLLWL 


BUS 
-<I:- 
__ 
••• A,.;;D;,;;D,;.,R;;,;ES;,;;S_O;;.;U;.,;T 
__ 
--J I:--.....;;;.;,;;~~~--t ,- __ A,.;;D;,;;D,;.,R;;,;ES;,;;S~ 
__ 


I 


BHE,INST 
VALID 


AD8-15 
ADDRESS OUT 
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CLKIN 


CLKOUT 


ALE 


READY-r~~ 
tAVGV I 


BUS WIDTH 
B"" 
tLLGV 
'») 


BUS -< 
ADDRESS OUT 
) 
( 
DATA 
>)) 


\~----------------~;- 
290272-10 


Figure 8. Bus Signal Timings 
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89027 OVERVIEW 


The 89027 is a 28 pin CHMOS analog front end de- 
vice, which performs most of the complex filtering 
functions required in modem transmitters and re- 
ceivers. A general block diagram of this chip is pro- 
vided in Figure 9. Most of the analog signal process- 
ing functions in this chip are implemented with 
CHMOS switched capacitor technology. The 89027 
functions are controlled by 89C026LT, through a 
high speed serial data link. 


During FSK transmit operation, the 89027 receives 
digitally synthesized mark and space sinusoid ampli- 
tude information from the 89C026LT. The 89027 
converts the signal to its analog equivalent, filters it, 
and transmits it to the telephone line. For QAM 
transmission, the signal constellation 
points are 
transferred to the 89027. This information is modu- 
lated into an analog signal, passed through spectral 


shaping filters, combined with the necessary guard 
tone, smoothed by a low pass filter, and transmitted 
to the line. Prior to transmitting either FSK or QAM 
signals to the telephone line, the 89027 adjusts the 
signal gain through an on-board programmable gain 
amplifier. 


During the receive operation, the received FSK and 
QAM signals are passed through anti-alias filters, 
bandsplit filters, automatic gain control and carrier 
detect circuits, a Hilbert transform filter, and the out- 
put sent to the 89C026LT processor as analog sig- 
nals. 


Other functions provided by the 89027 are: an on- 
board two wire to four wire circuit with disable capa- 
bility, an audio monitor output with software configu- 
rable gain, and a programmable gain transmit signal. 


The 89027 is available in 28 pin plastic DIP and 
PLCC packages. 


.-----------------------------------------------------------------. 
I 


Xl 


X2 
~------~~--~A~P 


A02 


HYB 


_--__._--_AOl 


-- T--l---T---T 
--1- - -T- ---- --- 


Vcc 
VBB 
AGND 
Vss 
RST 
AVcc 
AZ2 L--II---I 
AZl 
OUTPUT LEVEL 
TX3-TXO 
290272-11 


Figure 9. 89027 Block Diagram 
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89027 PINOUT 


Symbol 
Function 
(89027) 
Direction 
Pin No. 


Vcc 
Positive Power Supply (Digital) 
+5V 
28 


VBB 
Negative 
Power Supply 
-5V 
15 


Vss 
Digital Ground 
DGND 
24 
AGND 
Analog Ground 
AGND 
21 


AVcc 
Positive Power Supply (Analog) 
+5 
7 


X1 
Xtal Oscillator 
In 
23 
X2 
Xtal Oscillator 
Out 
25 
CLKOUT 
12.96 MHz Clock Output to 89C026L T 
Out 
26 
CLKOUT2 
270 KHz Clock Output to 89C026L T 
Out 
19 


RST 
Chip reset (active low)(3) 
In 
20 
HYB 
Enable on-chip 
hybrid(1) 
In 
10 
AZ1 
Auto-zero 
capacitor 
Out 
16 
AZ2 
Auto-zero 
capacitor 
In 
17 


SDATA 
Serial data from 89C026L T 
In 
2 
SCLK 
Serial clock from 89C026L T 
In 
1 
TSYNC 
Transmitter 
sync from 89C026L T 
In 
3 


STR 
Symbol timing to 89C026L T 
Out 
27 
EO 
Receiver 
energy detect to 89C026L T 
Out 
t 
18 
I 
In phase received 
signal to 89C026L T 
Out 
13 
Q 
Ouadrature-phase 
received 
signal to 89C026L T 
Out 
14 


A01 
Transmitter 
output 
Out 
6 
A02 
Receiver ~nput 
In 
12 
AMP 
Output to monitor speaker 
Out 
11 


TXO 
Transmitter 
level control 
(LSB)(1) 
In 
9 
TX1 
Transmitter 
level controltt) 
In 
8 
TX2 
Transmitter 
level control(1) 
In 
5 
TX3 
Transmitter 
level control 
(MSB)(1) 
In 
4 


NC 
(Note 2) 
, 


In 
22 • 


NOTE: 
1. When held high, these pins must be connected through 10K resistors to vcc. 
2. Reserved Pin. Must be left No Connect. 
3. Connect to reset circuitry through a 10K resistor. 


89027 Pinout Description 


TXO-3 


These 
four pins control 
the transmitted 
signal level. 


Refer to Transmit 
Level Table. 


A01 


Transmitter 
output. 


A02 


Receiver 
input. 


HYB 


This pin enables 
the on-chip 
hybrid. 
A line imped- 
ance matching 
network 
must be connected 
between 
A01 
and A02 
when 
HYB is enabled. 
If HYB is dis- 
abled 
and an external 
4W/2W 
hybrid 
is used, 
the 
hybrid receive 
path must be amplified 
by 6 dB. 


AMP 


This output can be used to monitor the call progress 
tones and operation 
of the line. 
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ABSOLUTE 
MAXIMUM 
RATINGS(2) 


89C024LT 


Temperature 
Under Bias 
0 to + 70· C 


Storage Temperature 
- 40 to + 125· C 


All Input and Output 
Voltages 
with Respect to Vas 
-0.3V 
to + 13.0V 


All Input and Output 
Voltages 
with Respect 
to vcc & AVcc 
-13.0V 
to 0.3V 


Power Dissipation 
1.35W 


Voltage 
with Respect 
to VSS(1) 
- 0.3V to 6.5V 


OPERATING 
CONDITIONS 


NOTES: 
1. Applies 
to 
pins 
SCLK, 
SDAT A, TSYNC, 
RST, 


HYB, TXO- TX3 only. 
2. 
Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and func- 


tional operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the operational 


sections 
of this 
specification 
is not 
implied. 
Expo- 


sure to absolute 
maximum 
rating conditions 
for ex- 


tended 
periods 
may affect 
device 
reliability. 


Symbol 
Parameter 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
·C 


Vcc 
Digital Supply Voltage 
4.75 
·5.25 
V 


Vss 
Analog Supply Voltage 
I1 
-4.75 
-5.25 
V 


POWER 
DISSIPATION 
AmbientTemp 
= o- to 70· C, vcc= AVcc= 
5 ± 5%, vss= 
AGND= 
OV. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


AlcC1 
AVcc Operating 
Current 
15 
21 
mA 


ICC1 
vcc Operating 
Current 
5 
6 
mA 


Ibb1 
Vaa Operating 
Current 
-15 
-21 
mA 


Aloe, 
AV CC Standby Current 
0.2 
1 
mA 


tee, 
vcc Standby Current 
5 
6 
mA 


Ibbs 
Vss Standby Current 
-0.6 
-2 
mA 


Alccp 
AVcc 
Power-Down 
Current 
100 
p.A 


Iccp 
VCC Power-Down 
Current 
450 
p.A 


Ibbp 
Vss Power-Down 
Current 
450 
p.A 


Pdo 
Operating 
Power Dissipation 
175 
250 
mW 


Pds 
Standby 
Power Dissipation 
30 
50 
mW 


Pdp 
Power Down Power Dissipation 
5 
mW 
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D.C. CHARACTERISTICS 
(TA=O·C to 70·C, AVee = vex: = 5V ±5%, Vsa = 5V ±5%, AGND = 
vss = OV),supply voltage must be at the same potential as the 89C026LT power supply. Typical Values are 
for TA = 25·C and nominal power supply values. vcc. and AVee. vcc, AVee and 89C026LT VREFmust be 
nominally at the same potential. 


Inputs: TXO,TX1, TX2, TX3, HYB, RST 
Outputs: CLKOUT 


SY!'1bol 
Parameter 
Min 
Max 
Units 
Test Conditions 


lil 
Input Leakage Current 
-10 
+10 
/LA 
vss ~ Vin ~ vcc 


Vii 
Input Low Voltage 
Vss 
0.8 
V 


Vih 
Input High Voltage 
2.0 
Vee 
V 


Vol 
Output Low Voltage 
0.4 
V 
101 2 -1.6mA, 1 TTL load 


Voh 
Output High Voltage 
2.4 
V 
loh ~ 50/La,1 TTL load 


Vcol 
CLKOUT Low Voltage 
0.4 
V 
Load Capacitance = 60 pF 


Vcoh 
CLKOUT High Voltage 
0.7Vee 
V 
Load Capacitance = 60 pF 


A.C. CHARACTERISTICS 
(TA = 25·C, vcc = AVee = 5V, Vss = AGND = OV,Vea = -5V) 


ANALOGINPUTS:A02 


Parameter 
Min 
Typ 
Max 
Units 
Test Condition 


A02 Receive Signal Level 
-9 
dBm 
Hybrid Enabled 


A02 Input Resistance 
10 
MOhms 
-2.5V<Vin< 
+2.5V 


A02 Allowed DCoffset 
-30 
+30 
mV 
Relative to AGND 


AUTO ZERO CAPACITANCE 


Capacitance = 0.015 /LF 
Tolerance = 
±20% 
Voltage Rating = 10V 
Type = Non-Electrolytic, low leakage. 
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CRYSTAL 
REQUlREMENTS(1) 


Parameter 
Min 
Typ 
Max 
Units 
Comments 


Frequency Accuracy (0°C-70°C) 
-0.0035% 
12.96 
+0.0035% 
MHz 
Refer to 
Figure 10 
Rx 
10 
16 
Ohms 
Cx 
0.024 
pF 
Co 
5.1 
5.6 
6.1 
pF 
CL(2) 
-5% 
47 
+5% 
pF 
2 Load 
Capacitors 


NOTES: 
1. Crystal 
Type: 
Parallel 
Resonant 
2. Crystal 
manufacturers 
usually 
specify 
the accuracy 
of a parallel 
resonant 
circuit 
at a given 
"load 
capacitance". 
This "load 
capacitance" 
is specified 
to the crystal 
manufacturer 
as 33 pf. 33 pf includes 
the parallel 
combination 
of the capacitances 
seen at the pins of the crystal. 
These 
capacitances 
include 
CL, IC pin capacitances, 
and a 3 ± 2 pf trace 
capacitance. 


89C026LT 
89027 


~1~~~YY~-iI~I"---iXl 
CL:r: : 
::r:CL 


DGNDI 
Co 
IDGND 
'"-----------' 
290272-12 


Figure 10. Crystal Equivalent 
Circuit 


ANALOG 
OUTPUTS: 
A01, AMP 


Parameter 
Mln 
Typ 
Max 
Units 
Comments 


Load Resistance 
A01 
600 
Ohms 
AMP 
10 
:.. 
kOhms 


Load Capacitance 
AMP 
100 
pF 
, 


Audio Amp Gain 
-9 
dB 
Max 
A01 to Amp 
-18 
dB 
Mid 
(software) 
-26 
dB 
Min 
Selectable 
-70 
dB 
Off 


Audio Amp Gain(1) 
+12 


11 
dB 
Max 
A02 to Amp 
+3 
dB 
Mid 
(software) 


-4 
dB 
Min 
Selectable 
-60 
dB 
Off 


NOTE: 
1. Assumes 
on-chip 
hybrid is enabled. 
When on-chip 
hybrid is disabled, 
gain with respect 
to A02 
is reduced 
by 6 dB. 
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REFERENCE 
MANUALS 
Transmit 
Output 
Level(1) 


Typ 
Units 


/ 


TX 3,2,1,0 


0000 
+5 
dBm 
0001 
+4 
dBm 
• 
• 
• 
- 
I 
• 
• 
• 
• 
• 
• 
1 1 1 0 
-9 
1- 
dBm 
1 1 1 1 
-10 
I, 
dBm 


NOTE: 
1. For PSK and QAM transmit signal. For FSK transmit sig- 
nal levels. they are typically 1 dB lower. All signals are 
measured at A01. The tolerance for the transmit levels is 
±1 dBm. 


89C024XE 
CHIP SET US~RS: 


Note the following when using the 89C024LT Laptop 
chip set in place of the 89C024XE: 
1. PD (B/C on 89C024XE) can be left tied to digital 
vcc or can be connected to the power-down 
control. If the power down mode is used, a 1.0 /Lf 
capacitor must be connected from Vpp on the 
89C026LT to digital ground. 


2. Buswidth pin is tied directly to ground because 
89C024LT uses 8-bit EPROM. 


The 
Modem Reference 
Manual (Order Number 
296235-002) contains pin descriptions, AT and MNP 
command descriptions, schematics, and important 
design guidelines for the 89C024LT, 89C024XE, and 
89024 modem chip sets. The Modem Software 
Reference Manual (Order Number 296503-001) pro- 
vides information about the modem software rou- 
tines. Contact your local Intel sales office for the lat- 
est information. 


3. No 74HC373 latch is required for AD8-AD15 be- 


cause 89C026LT latches them internally. 


4. A single chip select inverter is required from 
AD15 to select between EPROM and RAM mem- 
ory. 


5. Optional inverter from AD14 can be used to 
power-down RAM. 
6. If minimum power-down currents are not re- 
quired, the 89C024XE crystal configuration and 
specifications may be used. 
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V.42142bis MODEM CHIP-SET 


• 
CHMOS for Low Operating 
Power 


• 
Low Standby 
Power 


• 
Minimum Chip Count for Small size 


• 
V.42 Compliant 
Error Correction 
(LAPM 
and *MNP4) 


• 
V.42bis and MNP5 Data Compression 
Increase throughput 
up to 4 times with 
DTE rates of 9600 


• 
AT Command 
Set 


• 
Automatically 
Detects Remote Modem 
Type and Data Rate 


• 
On-Chip Hybrid 


• 
DTMF and Pulse Dialing 


• 
On-Chip Serial Port and Handshake 
Signals for RS-232N.24 Interface 


• 
Serial Interface to External NVRAM 


• 
Automatic 
Speed Matching in Reliable 
and Normal Modes 


• 
Hardware and Software 
Flow Control 


• 
Analog/Digital 
Loopback Diagnostics 


• 
Synchronous 
Modes 


• 
Easily Customized 
Command 
Set and 
Features 


• 
Intel's V.42142bis and MNP Software eo- 
Developed with R. Scott Associates** 


89C026FT 


OTWF' TONE 
GENERATOR 
ANSWER 
TONE 
GEN. 


AT COMMANDS 


rSK 
••ODULATOR/ 


DEWOOUL...4TOR 


PC OR TERMINAL 


QAW/PSK 
RECEIVER 
SIGNAL 
RECOVERY 


OESCRAWBLER. 
DECODER 


OAW/PSK 
TRANSWITTER 


SCRAWBLER/ENCOOER 


89027 


TELEPHONE 
LINE 


INTERFACE 
(OM) 


OM 
INTERFACE 
POWER 
OOWN 


CONTROL 


LINE 
CONTROL/STATUS 


Figure 
1. 89C024FT 
System 
Block Diagram 


"MNP 
is a registered 
trademark 
of Microcom, 
Inc. 
""R. Scott 
Associates, 
Inc., 5711 Six Forks Road, 
Suite 301, Raleigh, 
North 
Carolina 
27609, 
(919) 846-7171 


Intel Corporation 
assumes 
no responsibility 
for the use of any circuitry 
other 
than circuitry 
embodied 
in an Intel product. 
No other 
circuit 
patent 


licenses 
are implied. 
Information 
contained 
herein 
supersedes 
previously 
published 
specifications 
on these 
devices 
from Intel. 
September 
1990 


© INTEL 
CORPORATION, 
1990 
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GENERAL DESCRIPTION 


89C024FT 


The 
Intel 
89C024FT 
is a highly 
integrated, 
low 
power 
V.42/42bis 
compliant 
modem 
chip-set. 
This 
two chip solution 
is composed 
of the 89027 analog 
front 
end 
and the 89C026FT 
(an 80C196 
based 
microcontroller) 
. 


V.42/42bis 
compliancy 
assures 
adherence 
to an 
international 
error correction 
(V.42: 
LAPM 
& MNP 
class 
4) and data 
compression 
(V.42bis: 
BTLZ 
& 
MNP class 5) standards. 
V.42bis 
uses BTLZ (British 
Telecom Lempel Ziv) data compression 
algorithm 
to 
achieve 
throughputs 
of up to 4 times the transmis- 


sion 
rate, 
effectively 
providing 
up to 9600 
bps 
throughput 
with a 2400 bps modem. 


The 
benefits 
of V.42/42bis 
compliancy 
are, com- 
patibility 
with the installed 
base of MNP class 4 mo- 
dems, and an increased 
throughput 
of up to 4:1. The 
chip-set 
also provides 
MNP class 5 operation. 
This 
provides 
2:1 compression 
with the large 
installed 
base of MNP class 5 modems. 
These benefits 
allow 
the 89C024FT 
chip-set 
to provide 
fast and reliable 
data 
transfer 
with 
the current 
and 
upcoming 
in- 
stalled 
base of modems 
products. 


The 89C024FT 
chip-set, 
along with a Data Access 
Arrangement 
(DAA), 
a single 
64K x 8 EPROM, 
a 
32K x 8 static 
RAM, represent 
the circuitry 
neces- 
sary for implementing 
an auto dial/answer, 
300 to 
2400 
bps, V.42/42bis 
compliant 
modem. 
Refer 
to 
figure 2 for a block diagram 
of this application. 
The 


system 
is compatible 
with the following 
CCITT 
and 
BELL transmission 
standards: 


CCITT 
V.22bis 
2400 bps sync and async 
1200 bps sync and async 
CCITT 
V.22 A & B 
1200 bps sync and async 
CCITTV.21 
o to 300 bps anlsochronous 
BELL 212A 
1200 bps sync and async 
300 bps fall-back 
mode 
BELL 103 
o to 300 bps anisochronous 


This chip-set 
supports 
power-down 
modes 
that are 
selected 
via the AT command 
set, providing 
flexible 
power-down 
management 
control. 
The power-down 
modes 
make 
the 89C024FT 
a good 
fit for laptop 
computer 
applications. 
Power consumption 
for the 
chip-set 
is typically 
400 mW during 
a connection. 
When powered-down, 
the chip-set 
consumes 
5 mW. 


A complete 
set of industry 
standard 
AT commands 
are provided 
for modem 
configuration 
and user in- 
terface. 
Additional 
commands 
have 
been 
imple- 
• 
mented for power down modes and V.42/42bis/MNP 
~ 
feature 
control. 
Virtually 
all PC software 
written 
for 
the AT command 
set can also be used with this chip- 
set. Alternatively, 
in applications 
where 
user 
pro- 
prietary 
modem control commands 
and features 
are 
desired, 
the user can replace 
the 89C024FT 
com- 


mand module 
with custom 
proprietary 
software. 


TELEPHONE 
LINE 
(OAA) 
INTERFACE 


Figure 2. 89C024FT 
Modem 
Application 
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PACKAGING 


89027 is available 
in PLCC and standard 
plastic 
DIP packages. 
The 89C026FT 
is available 
in a PLCC 
package. 
Packages 
are shown from top view, looking 
down on component 
side of PC board. 


28-Pin Plastic DIP 
28-Pin PLCC 
•.. 


0 s 
:> 


vcc 
z 
" 
0 


'" 
>- ~ 


..J 
l:l 
~ " 
x 
I!! 
0 
..J 
STR 
•.. 
If) If) > 
If) 0 


CLKOUT 


X2 


vss 
TX2 
X2 


Xl 
AOl 
VSS 


CLKSEL 
AVcc 
Xl 


AGND 
TXl 
CLKSEL 


RST 
TXO 
AGND 


CLKOUT2 
HYB 
RST 


EO 
AIoIP 
CLKOUT2 


AZ2 


AZl 
N 
- 0 
11I- 
N c 
VBB 
0 
IIIN 
N 
... 
-c 
> .•• ... 


68-Pin PLCC 


Q 


I 


AGNO 


VREf 


COE 


PO 


RST 


SOATA 


SCLK 


TCLO 


TCLl 
si" 


RTS 


CTS 


STR 


OTR 


XTCLK 


ADO 


AOl 


A02 


A03 


A04 


ADS 


"06 


A07 


"08 


"09 
"010 


AOll 


A012 


A013 


A014 


"015 


CLKIN2 


Figure 3. Device 
Packages 
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CALL ESTABLISHMENT, 
TERMINATION 
AND RETRAIN 


The 89C024FT modem system incorporates all pro- 
tocols and functions required for automatic or man- 
ual call establishment. 
The modem system also 
incorporates all protocols and functions required for 
progress and termination of a data call. 


The modem chip-set has a built-in auto-dialer, both 
DTMF and Pulse type. It can detect dial, busy, and 
ringback signals from the remote end, and will pro- 
vide call progress messages to the user. The mo- 
dem is also capable of re-dialing the last number 
dialed. 


The modem, when configured for auto-answer, will 
answer an incoming call, remain silent for the two 
second billing delay interval, and then transmit the 
answer tones. Afterwards modem to modem iden- 
tification and handshaking will proceed at a speed 
and operating mode acceptable to both ends of the 
link. 


The data call can also be setup by manual dialing. 
A transition from voice (Le., for the purpose of man- 
ual dialing) to data mode can be done by the use of 
a mechanical switch (exclusion key) on the SH pin. 
Once set to data mode, the modem handshaking 
will proceed before the modems will be ready to ac- 
cept and exchange data. 


During data transmission, 
if one of the modems 
finds that the received data is likely to have a high 
bit error rate (indicated by a large mean square error 
in the adaptive equalizer), it initiates a retrain se- 
quence. This automatic retrain feature is only avail- 
able at 2400 bps, and iscompatible with CCITT V.22 
bis recommendations. 
. 


Disconnection of the data call can be initiated by the 
DTE at the local end or by the remote DT~ 
the 
modem is configured to accept it). Whether DTRwill 
initiate a disconnect depends on the last &0 com- 
mand. Receiving a long space from a remote mo- 
dem will initiate 
a disconnect 
only after a Y1 
command. 
The optional 
disconnect 
requests, 


originated by the remote modem, are of two types, 
(1) disconnect when receiving long-space, and (2) 
disconnect when received carrier is dropped. The 
modem chip-set can also be configured to transmit 
"long-space" just before disconnection. 


Because the CCITT and Bell modem connection 
protocols do not provide recognition of remote mo- 
dem type (i.e., V.22 bis to 212A), the Intel chip-set 
provides the additional capability of identifying the 
remote modem type. This feature is beneficial dur- 
ing the migration phase of the technology from the 
1200 bps to 2400 bps. In North America, where the 
installed base of 1200 bps modems is mostly made- 
up of 212A type, this feature allows a "Data Base 
Service Provider" to easily upgrade the existing 
212A modems to 2400 bps V.22 bisstandard, trans- 
parently, to 212A users. Similarly, a user with a 
89C024FT based modem system can automatically 
call data bases with either 212A or V.22 bis mo- 
dems, without concern over the difference, This fea- 
ture's benefits are realized in smooth upgrading of 
data links, with minimum cost and reduced disrup- 
tion in services. Refer to Table 1 for a detailed de- 
scription of remote modem compatibility. 


SOFTWARE 
CONFIGURATION 
COMMANDS 


This section lists the 89C024FT commands and 
registers that may be used while confiHuring the mo- 
dem. Commands instruct the modem to perform an 
action, the value in the associated registers deter- 
mine how the commands are performed, and the 
result codes returned by the modem tell the user 
about the execution of the commands.' 


The commands may be entered separately or in 
string fashion. Any spaces within or between com- 
mands will be ignored by the modern. During the 
entry of any command, the 'backspace' key (CNTRl 
H) can be used to correct any error. Upper case or 
lower case characters can be used in the com- 
mands. Commands described in the following par- 
agraphs refer to asynchronous 
terminals 
using 
ASCII codes. 
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Table 1. Remote 
Modem 
Compatibility 


Orieinating 
" 
Answering 
Modem 
89 
024FT 
Bell 
Bell 
CCITT 
CCITT 
CCITT 
Modem 
300 
1200 
300 
1200 
2400 


Bell 
300 
300 
300 
- 
300' 
300' 


1200 
1200' 
1200 
- 
1200 
1200 
CCITT 
300 
- 
- 
300 
- 
- 
1200 
1200' 
1200 
- 
1200 
1200 
2400 
1200' 
1200 
1200 
2400 


Answering 
-r 
Originating 
Modem 
89C024FT 
Bell 
Bell 
CCITT 
CCITT 
CCITT 
Modem 
300 
1200 
300 
1200 
2400 


Bell 
300 
300 
1200 
- 
1200 
1200 
1200 
300 
1200 
- 
1200 
1200 
CCITT 
300 
- 
- 
300 
- 
- 
1200 
300' 
1200 
- 
1200 
1200 
2400 
300' 
1200 
- 
1200 
2400 


Command 
Set 


• These 
connection 
data rates are obtained 
when connectmg 
89C024FT 
based 
modems 
end to end. The same results 
may 
not be obtained 
when 
a 89C024FT 
based 
modem 
is connected 
to other 
modems. 


V.42/42bis 
Feature 
Control 
Commands 


AT 
Attention 
code. 


A 
Go off-hook 
in answer 
mode 
AI 
Repeat 
previous 
command 
string 
Bn 
BELUCCITT 
Protocol 
Compatibility 
at 300 and 1200 bps 
Ds 
The dialing 
commands 
(0-9 A B CD' 
# P R T SW, 
; @) 
En 
Echo command 
(En) 
Hn 
Switch-Hook 
Control 
If &J1 option 
is selected, 
H1 will also 
switch the auxiliary 
relay 
In 
Request 
Product 
Code and Checksum 
Ln 
Speaker 
Volume 
Mn 
Monitor 
On/Off 
Nn 
Maximum 
Line (DCE) rate 
0 
On-Line 
an 
Result Codes 
Srr= x 
Write S Register 
Sn? 
Read S Register 
Vn 
Enable Short-Form 
Result Codes 
Xn 
Enable 
Extended 
Result Code 
Yn 
Enable 
Long Space 
Disconnect 
Z 
Fetch Configuration 
Profile 


+++ 
The Default 
Escape 
Code 
&Cn 
DCD Options 
&Dn 
DTR Options 
&Fn 
Fetch Factory 
Configuration 
Profile 
&Gn 
Guard Tone 
&In 
Telephone 
Jack Selection 
&Ln 
Leased/Dial-up 
Line Selection 
&Mn 
Async/Sync 
Mode Selection 
&Pn 
Make/Break 
Pulse Ratio 
&Rn 
RTS/CTS 
Options 
&Sn 
DSR Options 
&Tn 
Test Commands 
&Wn 
Write Configuration 
to Non 
Volatile 
Memory 
&Xn 
Sync Clock Source 
&Yn 
Default 
NVRAM 
Profile Select 
&Zn 
Store Telephone 
Number 
4 


-In 
V.42 Detection 
Phase Control 


"Hn 
V.42bis 
Compression 
Control 


"Nn 
V.42bis 
Dictionary 
Size 


"On 
V.42bis 
Dictionary 
String 
Length 


MNP Feature 
Control 
Command 
Set 


\An 
Maximum 
MNP Block Size 


%An 
Set Auto-Reliable 
Fallback 
Character 


\Bn 
Transmit 
Break 


\Cn 
Set Auto-Reliable 
Buffer 


\Gn 
Set Modem 
Port Flow Control 


\In 
Bits per Second 
Rate Adjust 


\Kn 
Set Break Control 


\Nn 
Set Operating 
Mode 


\0 
Originate 
Reliable 
Link 


\On 
Set Serial 
Port Flow Control 


\Tn 
Set Inactivity 
Timer 


\U 
Accept 
Reliable 
Link 


\Vn 
Modify 
Result Code Form 


\Xn 
Set XON/XOFF 
Pass-Through 


\Y 
Switch to Reliable 
Mode 


\Z 
Switch to Normal 
Mode 


Power 
Down 
Commands 


Disable/Enable 
Power Down 
Time to Power Down 
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CONFIGURATION 
REGISTERS 


The modem 
stores all the configuration 
information 
in a set of registers. 
Some registers 
are dedicated 
to a special 
command 
and function, 
and others 
are 
bit-mapped, 
with 
different 
commands 
sharing 
the 
register 
space to store the command 
status. 


80- 
Ring to Answer 
81 
Ring Count. 
(Read Only) 
82 
Escape 
Code Character 
83 
Carriage 
Return Character 
84 
Line Feed Character 
~ 


85 
Back 8pace 
Character 
86 
Wait for Dial Tone 
87 
Wait for Data Carrier 
88 
Pause Time for the Comma 
Dial 
Modifier 
89 
Carrier 
Detect 
Response 
Time 
810 
Lost Carrier 
to Hang Up Delay 
811- 
DTMF Tone Duration 
812 
Escape 
Code Guard Time 
I' 


813 
Not Used 
814- 
Bit Mapped 
Option 
Register 
815 
Not Used 
816 
Modem 
Test Options 
817 
Not Used 
818- 
Test Timer 
819 
Not Used 
820 
Not Used 
821- 
Bit Mapped 
Options 
Register 
822- 
Bit Mapped 
Options 
Register 
823- 
Bit Mapped 
Options 
Register 
824 
Not Used 
825- 
Delay to DTR (8ync 
Only) 
826- 
RT8 to CT8 Delay (Half Dup.) 
827* 
Bit Mapped 
Options 
Register 
831- 
Bit Mapped 
Options 
Register 
837 
Maximum 
Line (DCE) Rate 
8100 
Mean Error Monitor 
Register 


NOTE: 
• These 
S registers 
can be stored 
in the NVRAM. 


DIALlNG 


Dial modifiers 
are available 
for adding conditions 
to 
dialed phone numbers. 


Dial Modifiers 


P 
Pulse Dial 
R 
Originate 
call in Answer 
Mode 
T 
Tone Dial 
8 
Dial a stored 
number 
W 
Wait for dial tone 
Delay a dial sequence 
Return 
to command 
state 
Initiate 
a flash 


@ 
Wait for quiet 


Example: 


Terminal: 
Modem: 


Result: 


AT &ZO = T 1 (602) 555-1212 
OK 


Modem stores the Tone Dial (T) modifier 
and phone number T16025551212 
in the 
external 
NVRAM. 


The number can be dialed from asynchronous 
mode 
by issuing the following 
command: 


Terminal: 
AT D80 
Modem: 
T16025551212 


Result: 
Modem 
dials 
phone 
number 
and 
at- 
tempts 
to establish 
a connection. 


or by turning 
on DTR when in 8ynchronous 
Mode 
2. Up to 33 symbols 
(dial digits and dial modifiers) 
may be stored. 
8paces 
and other delimiters 
are ig- 
nored and do not need to be included 
in the count. 


If more than 33 symbols 
are supplied, 
the dial string 
will be truncated 
to 33. 


POWER MANAGEMENT 


The flexible 
power management 
controls 
allow for a 
variety 
of command 
and hardware 
driver 
options. 


The power down sequence 
is initiated 
by placing 
a 
• 
logic 
"Iow" 
on pin 15 ~) 
of the 89C026FT. 
The 
~ 
laptop 
can control 
th~D 
signal 
directly. 
If such a 
signal is unavailable, 
PD can be controlled 
by com- 
munications 
software 
via DTR. Lack of data activity 
or an in-coming 
ring signal can also be used to con- 
trol PD. 


Placing 
the crystal 
on the 89C026FT 
(Figure 
10) 
allows it to reduce power consumption 
by turning off 
the oscillator. 
When online 
and connected 
to a re- 
mote 
modem, 
the 
power 
consumption 
for 
the 
89C024FT 
is typically 
400 mW. Additionally, 
when 
the 89027 
is not needed 
(on-hook, 
not connected 
to a remote 
modem) 
the 89C026FT 
places 
it in 
stand-by. 
In standby 
the chip-set 
power consump- 
tion is typically 
255 mW. When 
powered 
down via 
the PD pin on the 89C026FT, 
the Chip-set typically 
consumes 
5 mW. Minimum 
memory-system 
power- 
consumption 
can 
be achieved 
by chip 
selecting 
memory 
only when addressed. 


APPLICATIONS 
OVERVIEW 


The block diagram 
of a stand-alone 
300 to 2400 bps 
Hayes 
compatible 
modem 
is depicted 
in Figure 
4. 


The DAA section 
shown in this diagram 
may be im- 
plemented 
using the suggested 
diagram 
in Figure 
5. Figure 
6 shows 
the 
use 
of the 
power-down 
feature. 
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DGND ill 


POWER SUPPLY 


+5 VOLTS 
AGNO 
-5 
VOlTS 


z 
~ 


TIP 
~ 


RING 
~ 
~~ 


., 


TIP 


RING 
"'C 


AUDIO 


MONITOR 


OM 


X, 


HYB 
89027 
X2 
All 
ClKDUT 


EO 
Al2 
.D15,wF 


STR 
AWP 


1 
AOl 
TRXCAR 


0 
A02 
RCVCAR 
TSYNC 
TXO 
So.U.t. 
TXl 
~S.rrLEVEL 
SCLK 
TX2 
SUEer 
ClKOUT2 
TX3 


SERIAl 


PORT 


PC0' 
lER:MlNAl 


Figure 
4. Typical 
Laptop 
Modem 


AUXILiARY 
BUSINESS 
PHONE 
•• 


OH 


10K 
-sv 


HYB 


A02 


AOl 


TELEPHONE 


LINE OR 


DATA PHONE 


.-+---+_ RING 
"'C 


"b-••••-+-•..• 
RING 


m~---------1 


"b-+ 
•••• +-•..•TIP 


Figure 
5. Typical 
Telephone 
Line Interface 
Using Internal 
Hybrid 
r--- 
POWER OOWN 
0 
89C026FT 


/OTR~:~PO 


,<.~ 
VPP 


RXO 
1.0P.FT 
OCNO 


Figure 
6. Power-Down 
Control 
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SYSTEM COMPATIBILITY 
SPECIFICATIONS 


Parameter 
Specification 


Synchronous 
2400bps 
±0.01% 
V.22 bis 
1200bps 
±0.01% 
V.22 and BELL 212A 


Asynchronous 
2400, 1200 bps, character 
asynchronous. 
o - 300 bps anisochronous. 


Asynchronous 
Speed Range 
+ 1% - 2.5% default. Extended + 2.3% 
- 2.5% range of CCID 
standards 
optional 
via software 
customization. 


Asynchronous 
Format 
10 bits, including start, stop, parity. (8, 9, 11 bits optional via S/W 
customization.) 


Synchronous 
Timing Source 
a) Internal, derived from the local oscillator. 
b) External, provided by DTE through XTCLK. 
c) Slave, derived from the received clock. 


Telephone 
Line Interface 
Two 
wire 
full 
duplex 
over 
public 
switched 
network 
or 4 wire 
leased lines. 
On-chip hybrid and billing delay timers. 


Modulation 
V.22 bis, 16 point QAM at 600 baud. 
- 


V.22 and 212A, 4 point PSK at 600 baud. 
V.21 and 103, binary phase coherent 
FSK 


Output Spectral Shaping 
Square root of 75% raised cosine, QAM/PSK. 


Transmit 
Carrier Frequencies 
V.22 bis, V.22, 212A 
Originate 
1200 Hz ± .02% 
Answer 
2400 Hz ± .02% 
V.21 
Originate 'space' 
1180 Hz ± .02% 
Originate 'mark' 
980 Hz ± .02% 
Answer 'space' 
1850 Hz ± .02% 
Answer 'mark' 
1650 Hz ± .02% 
Bell 103 mode 
Originate 
'space' 
1070 Hz ± .02% 
Originate 
'mark' 
1270 Hz ± .02% 
Answer 'space' 
2020 Hz ± .02% 
Answer 'mark' 
2225 Hz ± .02% 


Received 
Signal Frequency Tolerance 
- 


V.22 bis, V.22, 212A 
Originate 
2400 Hz ± 7 Hz 
Answer 
1200 Hz ± 7 Hz 
V.21 
Originate 'space' 
1850 Hz ± 12 Hz 
Originate 'mark' 
1650 Hz ± 12 Hz 
Answer 'space' 
1180 Hz ± 12 Hz 
Answer 'mark' 
980 Hz ± 12 Hz 
Bell 103 
Originate 'space' 
2020 Hz ± 12 Hz 
Originate 'mark' 
2225 Hz ± 12 Hz 
Answer 'space' 
1070 Hz ± 12 Hz 
Answer 'mark' 
1270 Hz ± 12 Hz 


Typical Energy Detect Sensitivity 
Greater 
than 
-43 
dBm EO is ON. Less than 
-48 
dBm EO is 
OFF. Signal in dBm measured 
at A02. 


Energy Detect Hysteresis 
A minimum Hysteresis 
of 2 dB for QAM scrambled 
mark. 


Line Equalization 
Fixed compromise 
equalization, 
transmit. 


Adaptive 
equalizer for PSK/QAM, 
receive. 
, 


Diagnostics 
Available 
Local analog loopback. 
Local digital loop back. 
Remote digital loopback. 


Self Test Pattern Generator 
Alternate 
'ones' 
and 'zeros' 
and error detector, 
to be used along 
with most loop backs. 
A number indicating 
the bit errors detected 
is sent to DTE. 
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RECEIVER 
PERFORMANCE 
SPECIFICATIONS 


Test Cases 
Typical SNR for 
10-5 BER Performance 


Data 
Rx Level I 


Answer 
Originate 
Mode 
(dBm) 
(dB) 
(dB) 


V.22 bis 
-30 
li 
16 
16.5 
Synchronous 
-40 
• 
16.5 
: 
18 


V.22/Bell 
212A 
-30 
" 
6.5 
6.5 
Synchronous 
-40 
6.5 
6.5 


V.21 
-30 
9 
7.5 
Asynchronous 
-40 
.il 
9 
8 


Bell 103 
-30 
I1 
10 
11.5 
Asynchronous 
-40 
I, 
10 
11.5 


11 


Test Conditions: 


- 
Receive 
Signal (Rx) measured 
at A02 (transmit 
level set at - 9 dBm) 


- 
Unconditioned 
3002 Line 


- 
3 KHz Flat-Band 
Noise 


PERFORMANCE 
SPECIFICATIONS 


Parameter 
Mln 
Typ 
Max 
Units 
Comments 


DTMF Level 
4.0 
dBm 
atA01 


DTMF Second Harmonic 
-35 
dB 
HYB enabled into 600n 


DTMF Twist (Balance) 
3 
dB 


Default DTMF Duration 
100 
ms 
Software 
Controlled 


Pulse Dialing Rate 
10/20 
pps 
Software 
Controlled 


Pulse Dialing Make/Break 
39/61 
% 
US 
33/67 
% 
UK, Hong Kon.9 


Pulse Interdigit Interval 
785 
ms 


Billing Delay Interval 
2.1 
sec 


Guard Tone Frequency 
540 
Hz 
Amplitude 
-3 
dB 
referenced 
to High 
Channel transmit. 


Frequency 
1800 
Hz 
QAM/PSK 
Modes Only 


Amplitude 
-6 
dB 


Dial Tone Detect Duration 
3.0 
sec 


Ringback Tone Detect 
Duration 
0.75 
sec 
Cadence 
1.5 
Off/On 
Ratio 


Busy Tone Detect 
Duration 
0.2 
sec 
Cadence 
0.67 
1.5 
Off/On 
Ratio 
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89C026FT OVERVIEW 


The 89C026FT 
processor 
performs 
data manipu- 
lation, 
signal 
processing 
and user interface 
func- 
tions. 
It requires 
a single 64K x 8 ROM and 32K x 


8 RAM to execute 
standard, 
and/or custom 
code to 
perform 
the V.42/42bis 
and MNP4/5 
protocol 
func- 
tions. The ROM and RAM addresses 
overlap 
in ex- 
ternal memory 
and are decoded 
using the INST and 
AD15 signals. 
A block diagram 
of the 89C026FT 
is 
provided 
in Figure 7. 


89C026FT 
contains 
a TTL compatible 
serial link to 
DTE 
equipment, 
along 
with 
a full complement 
of 
V.24/RS-232-C 
control 
signals. 
A UART or USART 
may be used to transfer 
data to and from a micro- 
computer 
bus. The 89C026FT 
supports 
the industry 
standard 
AT command 
set facilitating 
compatibility 
with most PC software. 


During transmit 
operation, 
the 89C026FT 
synthes- 
izes DTMF tones and the 300 BPS FSK modem sig- 
nal and transmits 
them 
to the 89027 
as digitized 


amplitude 
samples. 
During 
1200 and 2400 BPS op- 
eration, 
DPSK and QAM is used to send 2 to 4 bits 
of information 
respectively 
at 600 baud to the AFE. 
Because 
the QAM coding technique 
is an inherently 
synchronous 
transmission 
mechanism, 
in the case 
of asynchronous 
QAM transmission, 
the asynchron- 
ous data is synchronized 
by adding 
or deleting 
stop 
bits. 
Following 
the 
synchronization 
process, 
the 
89C026FT 
transmits 
digitized 
phase and amplitude 
samples 
to 89027 over the high speed 
serial link. 


In the receive operation, 
the information 
is received 
by the 89C026FT 
from 
the 89027 
as two 
signals 
which are 90 degrees 
phase shifted from each other. 


These 
analog 
signals 
are then digitized 
by the AID 
converter 
resident 
on the 89C026FT. 
By using DSP 
algorithms, 
the received 
signals 
are processed 
us- 
ing adaptive 
equalization 
for telephone 
line delay, 


amplitude 
distortion 
and gain adjustments 
and the 
signal 
demodulated. 
Following 
demodulation, 
the 
data is unscrambled, 
and if necessary, 
returned 
to 
asynchronous 
format. 


. 
e. 
1-;::::=====+= ~ 


~ 
COIojIojAND 
INTERPRETER 


AUTO 
BAUD-RATE/ 
DATA 
roRIojAT 
DETECTOR 


CLKIN2 


I•.-======::= 
CLKIN 
.t 
VREF 


RETRAIN 


L~~:r~~~K 
•••• 
--, 


DETECT 


Figure 7. 89C026FT 
Block Diagram 
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89C026FT 
PINOUT 


Symbol 
Function 
(89C026FT) 
Direction(4) 
Pin No. 


CLKIN 
12.96 MHz master 
clock from 89027 
In 
67 
CLKIN2 
270 KHz from 89027 
In 
44 
RST 
Chip reset (active 
low) 
In 
16 


I 
In-phase 
received 
signal 
In 
11 
Q 
Quadrature-phase 
received 
signal 
In 
10 
STR 
Symbol 
Timing 
from 89027 
In 
24 
ED 
Energy 
Defect 
input 
In 
9 


TSYNC 
Transmitter 
sync pulse to 89027 
Out 
35 
SDATA 
Serial 
Data to 89027 
Out 
17 
SCLK 
Serial 
Clock to 89027 
Out 
18 


OH 
Off-Hook 
control 
to DAA 
I 
Out 
33 
SH 
Switch-Hook 
from dataphone 
In 
5 
RI 
Ring Indicator 
from DAA 
In 
42 
AR 
Aux Relay control 
to DAA 
Out 
38 


TCL1 
NVRAM 
Data I/O 
I/O 
20 
TCLO 
NVRAM 
CLK 
Out 
19 
PD 
Power-down 
control 
In 
15 
siP. 
NVRAM 
CE 
Out 
21 
D/S 
Dumb/Smart 
mode select 
In 
6 
CONFIG 
Reserved 
for future use (Vcel(2) 
In 
8 


TM 
Test Mode Indicator 
Out 
39 


TXD 
Transmitted 
data from DTE 
In 
27 
RXD 
Received 
data to DTE 
Out 
29 
RTS 
Request 
to send from DTE 
In 
22 
CTS 
Clear to Send to DTE 
Out 
23 
DSR 
Data Set Ready to DTE 
Out 
30 
DCD 
Data Carrier 
Detect to DTE 
Out 
31 
DTR 
Data Terminal 
Ready from DTE 
In 
25 
RCLK 
Received 
clock to DTE 
Out 
34 
TCLK 
Transmit 
clock to DTE 
Out 
28 
XTCLK 
External 
timing clock from DTE 
In 
26 
Si 
Speed 
indicator 
to DTE 
Out 
32 
REMLB 
Remote 
Loopback 
Command 
from DTE 
In 
7 
LCLLB 
Local Loopback 
Command 
from DTE 
In 
. 
4 


Vcc 
Positive 
power supply 
( + 5V) 
+5V 
1 
CDE 
Clock detect 
enable 
(Vss)(1) 
GND 
14 
VREF 
AID converter 
reference 
+5V 
13 
VSS1 
Digital ground 
GND 
36 
VSS2 
Digital ground 
GND 
68 
AGND 
Analog 
ground 
AGND 
12 
v-: 
Timing 
pin for return from power-down 
In 
37 


EA 
External 
Memory 
enable 
In 
2 
ADO-AD15 
External 
memory 
access 
address/dateoi 
I/O 
60-45 
AA 
Auto Answer(3) 
Out 
. 


60 
JS 
Jack Select(3) 
Out 
59 
CD 
Carrier 
Detect 
lndtcatorc» 
Out 
58 
MR 
Modem 
Ready 
Indicator(3) 
Out 
57 
REL 
MNP Reliable 
Link Active(3) 
Out 
56 
COMP 
Compression 
Active V.42bis 
or MNP 5(3) 
Out 
55 
ERR 
Error detected 
by LAPM or MNP(3) 
Out 
54 
LAPM 
LAP M Reliable 
Link Active(3) 
Out 
53 
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89C026FT 
PINOUT (Continued) 


Symbol 
Function (89C025FT) 
Directlon(4) 
Pin No. 


NMI 
Non·maskable interrupt(V SS)(1) 
In 
3 


X2 
Crystal output 
Out 
66 


CLKOUT 
CIk output 
Out 
65 
BUSWIOTH 
Bus Width 
In 
64 


INST 
. 
External memory instruction fetch 
Out 
63 


ALE 
Address latch enable 
Out 
62 


RO 
External memory read 
Out 
61 


READY 
External memory ready 
In 
43 
BHE 
External memory bus high enable 
Out 
41 


WR 
External memory write 
Out 
40 


NOTES: 
1. Pins marked 
with (Vssl must be corrected 
to Vss. 
2. Pins marked 
with (Vccl must be connected 
to V 
. 


3. ADO-AD3 
are used as AA. E. 
~. 
Km, R£r, ~, 
mR, and t:AI5'Flrespectively. 
4. Pins With direction 
"IN" must not be left floating. 


89C026FT 
PIN DESCRIPTION 


XTClK 
Transmitter timirig from on:, when external clock 
option is selected. 


TXD 
The serial data from OTE to be transmitted on the 
line. A logic 'high' is mark. In synchtonoue mode, 
89C026FT samples this data on the rising edges of 
TCLK. 


TClK 
Clock output from 89C026FT as timing source for 
data exchange from OTE to modem. Serial data is 
read on the rising edges of the TcrR. This output is 
High in asynchronous mode. 


RXD 
The serial data to OTE. A logic 'high' is mark. In 
synchronous mode, the rising edge of 'ACD< occurs 
in the middle of RXO. 


RClK 
Synchronous clock output. A\$lng edgfil ofricrK oc- 
curs in the middle of each RXD.t»t. this pin remains 
High in asynchronous moda, 
' 


PO 
Power-down control. A low on this input pin, in con- 
junction with the + En and + Tn cQmmands, will 
cause the modem to go into a power-down mode. 
v.; 
Timing pin for return from power-down. Connect a 
1.0 ,...f capacitor between Vpp and Vss if the power- 


down option is used. This capacitor causes an in-: 
ternal timing circuit to give the oscillator time to sta- 
bilize before turning on internal clocks. This pin may 
be left floating or connected through a 1.0 /LFca- 
pacitor to Vss if power-down mode is not required. 


TM 


A low indicates 
maintenance 
condition 
in the 


modem. 


~ 
In async operation, OCO remains low regardless of 
data carrier (default), or it can be programmed to 
indicate received carrier signal is within the required 
timing and amplitude limits. In sync operation low 
indicates the received carrier signal is within the 
required timing and amplitude limits. 


A low indicates modem is off-hook, is in data trans- 
mission mode, and the answer tone is being ex- 
changed. CfS low indicates modem is prepared to 
accept data. 
m 
!~asyn~ mode RTS i~ored. 
Under command 


control, In sync mode RTS can be ignored, or the 
modem can respond with a Low on CTS. 
om 
&DOcommand will cause the modem to ignore OTR. 
For &01 the modem assumes the asynchronous 
command state on a low-to-high transition of the 
Dffi circuit. The &02 command does the same as 
&01 except the state of OrR will enable/disable 
auto answer. A low-to-high transition of OTR after 
the &03 command will cause the modem to assume 
the initialization state. 
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TCl1, TClO 


These pins are used as the serial clock and data for 
interface 
to an NVRAM. 
Refer to Figure 3. TCLO is 
used to output a clock and serial data is transferred 
in on TCL1. 


AR 


This Auxiliary 
relay control 
is for switching 
a relay 
for voice or data calls. High is voice, 
low is data. 


RI 


A low signal 
from 
DAA indicates 
line ringing. 
This 
input is ignored 
when the modem 
is configurea 
for 
leased 
line. 
This 
signal 
should 
follow 
the 
ring 
cadence. 


OH 


Low sets an off hook condition, 
high indicates 
an on 
hook. When dialing, 
this signal is used to pulse dial 
the line. 


SH 


Used 
as a telephone 
voice 
to data switch 
or vice 
versa. 
Any logic level transition 
will toggle 
the mo- 
dem state between 
voice and data. 


AA 


Used 
as an indicator 
for Auto 
Answer 
status 
and 
Ring indicator. 
Active 
low. 


lCllB 


A low will set the modem 
in the local analog 
loop- 
back test mode. 
Logic 
Low levels applied 
simulta- 
neously to REMLB and LCLLB pins, sets the modem 
to the local digital 
loopback. 


REMlB 


A low 
on this 
pin 
initiates 
a remote 
loop back 
condition. 


CO 


A low indicates 
the presence 
of carrier 
signal on the 
line. 


MR 


A low indicates 
the presence 
of the DSR signal. Tog- 
gling indicates 
that a test mode is active. 


REl 


A low indicates 
that an MNP reliable 
link has been 
established. 


COMP 


A low indicates 
that data compression 
is in opera- 
tion (V.42bis 
or MNP Class 5). 


lAPM 


A low indicates 
that a LAPM 
reliable 
link has been 
established. 
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ERR 


Goes low for1 
second 
whenever 
a reliable connec- 
tion detects 
an error. 


Si 


Selects 
one of the two data rates or ranges of rates 
in the DTE to correspond 
to the rate in modem. 
Low 
selects 
the higher rate (2400 CCITT/1200 
BELL) or 
range of rates. High selects 
the Low rate or range 
of rates. 


ois 


A low on this pin will indicate 
the smart mode which 
will respond 
to all commands. 
A High will ignore all 
commands. 


VREF 


Voltage reference 
for the analog to digital converter 
should 
be connected 
to the 89027 AVcc. 


COE 


This pin must be connected 
to Vss. 


SiA 


The function 
of this 
pin is re-defined 
as external 
NVRAM 
CE. 


CON FIG 


Reserved 
for future 
use. 
This 
signal 
should 
be 
pulled high. 


EA 


When high, memory 
access from address 
2000H to 
4000H 
are directed 
to on-chip 
ROM. When 
low, all 
Memory 
access 
is directed 
to off-chip 
memory. This 
pin must be tied high. 


JS 


Low is used to pulse A and A 1 leads to control 
a 
1A2 Key System jack. 


BUSWIOTH 


When high, external 
memory 
accesses 
are 16 bits 
wide. When 
low, external 
memory 
accesses 
are 8 
bits wide. This pin must be tied low. 


RE.6:0Y 


When 
high, no wait states 
are inserted 
in external 
memory 
accesses. 
When 
low, one wait state 
is in- 
serted 
in each external 
memory 
access. 


INST 


Output 
high during 
an external 
memory 
read indi- 


cates the read is an instruction 
fetch. 
INST is acti- 
vated 
only during 
external 
memory 
accesses 
and 
output low for data fetch. INST along with AD15 are 
used to decode 
the overlapping 
external 
ROM and 
RAM. 


89C024FT 


89C026FT ABSOLUTE 
MAXIMUM 
RATINGS· 


•Notice: 
Stresses 
above 
those listed 
under 
':Abso- 
lute Maximum 
Ratings" 
may cause permanent 
dam- 


age to the device. 
This is a stress 
rating 
only and 


functional 
operation 
of the device 
at these 
or any 


other conditions 
above those indicated 
in the opera- 


tional sections 
of this specification 
is not implied. Ex- 


posure 
to absolute 
maximum 
rating 
conditions 
for 


extended 
periods 
may affect 
device reliability. 


Temperature 
Under Bias 
O°C to + 70°C 


Storage 
Temperature 
- 40°C to + 125°C 


Voltage from Any Pin to 
VssorAGND 
-0.5Vto 
+7.0V 


Average 
Output 
Current 
from Any Pin. 
. . .. 
10 mA 


Power Dissipation 
1.5 Watts 
NOTICE Specifications contained within the 
following tables are subject,to change. 


OPERATING 
CONDITIONS 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient Temperature 
Under Bias 
0 
+70 
°C 


Vcc 
Digital Supply Voltage 
4.75 
5.25 
V 


VREF 
Analog Supply Voltage 
4.75 
5.25 
V 


fosc 
CLKIN Frequency 
12.95870 
12.96130 
MHz 


NOTE: 
The AGND 
and Vss on both the 89C026FT 
and the 89027 
must be nominally 
at the same potential. 


D.C. CHARACTERISTICS 


Symbol 
Parameter 
Mln 
Typ(7) 
Max 
Units 
Test Conditions 


Vll 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage(l) 
0.2Vcc 
+ 0.9 
vcc + 0.5 
V 


VIHl 
Input High Voltage on CLKIN 
0.7VCC 
vcc + 0.5 
V 


VIH2 
Input High Voltage on RESET 
2.2 
VCC + 0.5 
V 


VOl 
Output Low Voltage 
0.3 
V 
IOl = 200,...A 
0.45 
V 
IOl = 3.2mA 
1.5 
V 
IOl = 7mA 


VOH 
Output High Voltage(4) 
VCC - 
0.3 
V 
IOH = -200,...A 
vcc - 
0.7 
V 
IOH = -3.2 
mA 
Vcc-1.5 
V 
IOH = -7mA 


VOHl 
Output High Voltage(3) 
vcc - 0.3 
V 
IOH = -10,...A 
vcc - 
0.7 
V 
IOH = -30,...A 
vcc - 
1.5 
V 
IOH = -60,...A 


III 
Input Leakage Current(5) 
±10 
,...A 
o < VIN < vcc - 
0.3V 


ILll 
Input Leakage Current(6) 
±3 
,...A 
0< 
VIN < VREF 


III 
Logical 0 Input Current(3) 
-50 
,...A 
VIN = 0.45V 


Illl 
Logical 0 Input Current 
-850 
,...A 
VIN = 0.45V 
in RESET(2) (ALE. RD. 
WR. BHE. INST. SCLK) 


4-59 


• 


89C024FT 


D.C. CHARACTERISTICS 
(Continued) 


Symbol 
Parameter 
Mln 
Typ(7) 
Max 
Units 
Test Conditions 


IREF 
AID Converter 
2 
5 
mA 
CLKIN = 12.96 MHz 
Reference 
Current 
VCC = Vpp = VREF = 5.25 


ICC1 
Active Mode Current 
45 
60 
mA 
CLKIN = 12.96 MHz 
(Typical) 


RRST 
RESET Pullup Resistor 
6K 
50K 
n 


Cs 
Pin Capacitance 
10 
pF 
fTEST = 1.0 MHz 
(Any Pin to VSS) 


IpD 
Power-Down 
Mode Current 
5 
50 
/LA 
VCC = Vpp = VREF = 5.25 


NOTES: 
(Notes apply to all specifications) 
1. All pins except RESET and CLKIN. 
2. Holding these pins belo~ 
in RESET may cause the part to enter test modes. 
3. TCLO,TCL1, S/A, RTS, CTS, DSR, DCD,Si, OH. 
4. BHE, INST, CLKOUT, RESET, TCLK, RXD, RCLK, TSYNC, TM, SCLK, SDATA. The VOH specification is not valid for 
RESET. 
5. CDE, EA, READY, BUSWIDTH,NMI, STR, DTR, XTCLK, TXD, B/C, CLKIN2, and RI. 
6. S/D, SR, REMLB, LCLLB, I, Q, CONFIG, EO. 
7. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature 
and VREF= vcc = 5V. 


A.C. CHARACTERISTICS 
(Over specified 
operating 
conditions) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, fOSC 12.96 MHz 


This 
system 
must 
meet these 
specifications 
to work 
with 
89C026FT: 


Symbol 
Parameter 
Min 
Max 
.Units 
Notes 


TAVYV 
Address Valid to READY Setup 
2Tosc 
- 
89 
ns 


hLYV 
ALE Low to READY Setup 
TOSC - 
72 
ns 


TYLYH 
Non READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT Low 
0 
Tosc - 
30 
ns 
(Note 1) 


hLYX 
READY Hold after ALE Low 
Tosc 
- 
15 
2 TOSC - 
40 
ns 
(Note 1) 


TAVGV 
Address Valid to Buswidth Setup 
2 TOSC - 
85 
ns 


TLLGV 
ALE Low to Buswidth Setup 
Tosc 
- 
70 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address Valid to Input Data Valid 
3 ToSC - 
67 
ns 


TRLDV 
RD Active to Input Data Valid 
Tosc - 
23 
ns 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
50 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
- 
20 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTE: 
1. If max is exceeded, additional wait states will occur. 
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A.C. CHARACTERISTICS 
(Continued) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall tines = 10 ns, fosc 
12.96 MHz 


The 89C026FT 
will 
meet these 
specifications: 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


FCLKIN 
Oscillator 
Frequency 
12.95870 
12.96130 
MHz 


Tosc 
Oscillator 
Period 
1/FCLKIN(MAX) 
1/FCLKIN(MIN) 
ns 


TXHCH 
FCLKIN High to CLKOUT High or Low 
40 
110 
ns 
(Note 1) 


TCLCL 
CLKOUT Cycle Time 
2 Tosc 
ns 


TCHCL 
CLKOUT High Period 
Tosc 
- 
10 
Tosc + 10 
ns 


TCLLH 
CLKOUT Falling Edge to ALE Rising 
-5 
15 
ns 


TLLCH 
ALE Falling Edge to CLKOUT Rising 
-15 
15 
ns 


TLHLH 
ALE Cycle Time 
4 Tosc 
ns 


TLHLL 
ALE High Period 
Tosc 
- 
10 
Tosc + 10 
ns 


TAVLL 
Address Setup to ALE Falling Edge 
Tosc 
- 
20 
ns 


TLLAX 
Address 
Hold after ALE Falling Edge 
Tosc 
- 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc 
- 
40 
ns 


TRLCL 
RD Low to CLKOUT Falling Edge 
5 
30 
ns 


TRLRH 
RD Low Period 
Tosc 
- 
5 
Tosc + 25 
ns 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc + 25 
ns 
(Note 2) 


TRLAZ 
RD Low to Address Float 
10 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
25 
ns 


TOVWH 
Data Stable to WR Rising Edge 
Tosc 
- 
23 
ns 


TCHWH 
CLKOUT High to WR Rising Edge 
-10 
10 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
30 
Tosc + 5 
ns 


TWHOX 
Data Hold after WR Rising Edge 
Tosc 
- 
10 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
10 
Tosc + 15 
ns 
(Note 2) 


TWHBX 
BHE, INST, Hold after WR Rising Edge 
Tosc 
- 
10 
ns 


TRHBX 
BHE, INST, Hold after RD Rising Edge 
Tosc 
- 
10 
ns 


TWHAX 
AD8-15 
Hold after WR Rising Edge 
Tosc 
- 
50 
ns 


TRHAX 
AD8-15 
Hold after RD Rising Edge 
Tosc 
- 
25 
ns 


NOTES: 
1. Typical 
specifications, 
not guaranteed. 


2. Assuming 
back-to-back 
bus cycles. 
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WAVEFORMS 


CLKIN 


CLKOUT 


ALE 
--1-- tLLRL ---f-o>-- 


r-tAVLL-+- 


BUS 
ADDRESS 
OUT 


I 
tAVDV 
~tLLWL 


BUS 
-{ 
ADDRESS 
OUT 
X 
~I-------'1-1--~=-f 


. ADDRESS 


BHE,INST 
VALID 


AD8-15 
ADDRESS 
OUT 


CLKIN 


CLKOUT 


ALE 


READY-F~~ 
tAVGV I 


BUS 
WIDTH 
B 
cccc 


tLLGV 
); " 


BUS 
-{ 
ADDRESS 
OUT 
) 
( 
DATA 
»} 


\~--------------~~ 


Figure 8. Bus Signal Timings 
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89027 OVERVIEW 


The 89027 is a 28 pin CHMOS analog front end 
device, which performs most of the complex filtering 
functions required in modem transmitters and re- 
ceivers. A general block diagram of this chip is pro- 
vided 
in Figure 
9. Most of the analog 
signal 
processing functions in this chip are implemented 
with CHMOS switched capacitor technology. The 
89027 functions 
are controlled 
by 89C026FT, 
through a high speed serial data link. 


During FSK transmit operation, the 89027 receives 
digitally synthesized mark and space sinusoid am- 
plitude information from the 89C026FT. The 89027 
converts the signal to its analog equivalents, filters 
it, and transmits it to the telephone line. For QAM 
transmission, 
the signal constellation 
points are 
transferred to the 89027. This information is mod- 
ulated into an analog signal, passed through spec- 
tral shaping filters, combined with the necessary 


guard tone, smoothed by a low pass filter, and trans- 
mitted to the line. Prior to transmitting either FSK or 
QAM signals 
to the telephone 
line, the 89027 
adjusts 
the signal 
gain through 
an on-board 
programmable gain amplifier. 


During the receive operation, the received FSK and 
QAM signals are passed through anti-alias filters, 
bandsplit filters, automatic gain control and carrier 
detect circuits, a Hilbert transform filter, and the out- 
put sent to the 89C026FT processor 
as analog 
signals. 


Other functions provided by the 89027 are: an on- 
board two wire to four wire circuit with disable ca- 
pability, an audio monitor output with software con- 
figurable gain, and a programmable gain transmit 
signal. 


The 89027 is available in 28 pin plastic DIP and 
PLCC packages. 


.----------------------------------------------------------------- 
' .•..----. 


Xl 


X2 


• - T --l---T---T--'--- 
T -------- 


Vcc 
VBB 
AGND 
Yss 
RST 
AVcc 
AZ2 


.------~--_T.A~P 


AZl 


t----~AOl 


OUTPUT LEVEL 
TX3-TXO 


"02 


HYB 


Figure 9. 89027 Block Diagram 
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89027 PINOUT 


Symbol 
Function (89027) 
Direction 
Pin No. 


Vcc 
Positive Power Supply (Digital) 
+5V 
28 


Vss 
Negative Power Supply 
-5V 
15 


Vss 
Digital Ground 
DGND 
24 
AGND 
Analog Ground 
AGND 
21 


AVcc 
Positive Power Supply (Analog) 
+5 
7 


X1 
Xtal Oscillator 
In 
23 
X2 
Xtal Oscillator 
Out 
25 
CLKOUT 
12.96 MHz Clock Output to 89C026FT 
Out 
26 
CLKOUT2 
270 KHz Clock Output to 89C026FT 
Out 
19 


RST 
Chip reset (active low)(3) 
. 
In 
20 
HYB 
Enable on-chip hybrid(1) 
In 
10 
AZ1 
Auto-zero 
capacitor 
Out 
, 


16 
AZ2 
Auto-zero 
capacitor 
In 
17 


SDATA 
Serial data from89C026FT 
In 
2 
SCLK 
Serial clock from 89C026FT 
In 
1 
TSYNC 
Transmitter 
sync from 89C026FT 
In 
3 


STR 
Symbol timing to 89C026FT 
Out 
27 
EO 
Receiver energy detect to 89C026FT 
Out 
18 
I 
In phase received signal to 89C026FT 
Out 
13 
a 
I 
Ouadrature-phase 
received signal to 89C026FT 
Out 
14 


A01 
Transmitter 
output 
Out 
6 
A02 
Receiver input 
In 
12 
AMP 
Output to monitor speaker 
Out 
11 


TXO 
Transmitter 
level control (LSB)(1) 
In 
9 
TX1 
Transmitter 
level control(1) 
In 
8 
TX2 
Transmitter 
level controttt) 
In 
5 
TX3 
Transmitter 
level control (MSB)(1) 
In 
4 


NC 
(Note 2) 
In 
22 


NOTE: 
1. When held high. these 
pins must be connected 
through 
10K resistors 
to vcc- 


2. Reserved 
Pin. Must be left No Connect. 


3. Connect 
to reset circuitry 
through a 10K resistor. 


89027 Pinout Description 


TXO-3 


These four pins control 
the transmitted 
signal level. 


Refer to Transmit 
Level Table. 


A01 


Transmitter 
output. 


A02 


Receiver 
input. 


HYB 


This pin enables 
the on-chip 
hybrid. A line imped- 
ance matching 
network must be connected 
between 
A01 
and A02 
when HYB is enabled. 
If HYB is dis- 
abled 
and an external 
4W/2W 
hybrid 
is used, the 
hybrid receive path must be amplified 
by 6 dB. 


AMP 


This output can be used to monitor the call progress 
tones and operation 
of the line. 
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ABSOLUTE 
MAXIMUM 
RATINGS(2) 
NOTES: 
1. Applies 
to 
pins 
SCLK, 
SDATA, 
TSYNC, 
RST, 


HYB, TXO- TX3 only. 
2. 
Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and func- 
tional operation 
of the device at these or any other 
conditions 
above those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 
Expo- 
sure to absolute 
maximum 
rating conditions 
for ex- 
tended 
periods 
may affect device 
reliability. 


Temperature 
Under Bias 
0 to + 70° C 


Storage Temperature 
-40 
to + 125° C 


All Input and Output Voltages 
with Respect to VSS 
- 0.3V to + 13.0V 


All Input and Output Voltages 
with Respect to VCC & AVCC 
-13.0V 
to 0.3V 


Power Dissipation 
1.35W 


Voltage 
with Respect 
to VSS(l) 
-0.3V 
to 6.5V 


OPERATING 
CONDITIONS 


Symbol 
- Parameter 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 


L 
0 
+70 
·C 
v-: 
Digital Supply 
Voltage 
4.75 
5.25 
V 


Vaa 
Analog 
Supply 
Voltage 
-4.75 
-5.25 
V 


POWER DISSIPATION 
Ambient 
Temp = O· to 70· C, Vcc = AVcc = 5 ± 5%, Vss = AGND = OV. 


Typical values 
shown are for TA = 25° C and nominal-power 
suppiies. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


AlcCl 
AVcc Operating 
Current 
15 
21 
mA 


ICCl 
vcc Operating 
Current 
5 
6 
mA 


Ibbl 
Vss Operating 
Current 
-15 
-21 
mA 


Alcc, 
AVcc Standby Current 
0.2 
1 
mA 


Iccs 
VCC Standby Current 
5 
6 
mA 


Ibbs 
Vaa Standby Current 
-0.6 
-2 
mA 


Alccp 
AVCC Power-Down 
Current 
100 
J.LA 


Iccp 
vcc Power-Down 
Current 
450 
J.LA 


Ibbp 
Vaa Power-Down 
Current 
450 
J.LA 


Pdo 
Operating 
Power Dissipation 
175 
250 
mW 


Pds 
Standby Power Dissipation 
30 
50 
mW 


Pdp 
Power Down Power Dissipation 
5 
mW 
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D.C. CHARACTERISTICS 
(TA = O°C to 70°C, AVcc = Vcc = 5V ± 5%, VBB = 5V ± 5%, AGND 
=; 
Vss = OV). 


Inputs: TXO, TX1, TX2, TX3, HYB, RST 
Outputs· 
CLKOUT 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


lil 
Input Leakage Current 
-10 
+10 
/LA 
Vss ~ Vin s Vcc 


Vii 
Input Low Voltage 
Vss 
0.8 
V 


Vih 
Input High Voltage 
2.0 
VCC 
V 


Vol 
Output Low Voltage 
0.4 
V 
101 ;;:: -1.6mA,1 
TILload 


Voh 
Output High Voltage 
2.4 
V 
loh ~ 50/La, 1 TIL 
load 


Vcol 
CLKOUT Low Voltage 
0.4 
V 
Load Capacitance 
= 60 pF 


Vcoh 
CLKOUT High Voltage 
0.7 vcc 
V 
Load Capacitance 
= 60 pF 


A.C. CHARACTERISTICS 
(TA = 25°C, vcc = AVcc = 5V, Vss = AGND = OV, vss = -5V) 


ANALOGINPUTS:A02 


Parameter 
Mln 
Typ 
Max 
Units 
Test Condition 


A02 Receive Signal Level 
-9 
dBm 
Hybrid Enabled 


A02 Input Resistance 
10 
MOhms 
- 2.5V <Vin < + 2.5V 


A02 Allowed 
DC offset 
-30 
+30 
mV 
Relative to AGND 


AUTO ZERO CAPACITANCE 


Capacitance 
= 0.015 /LF 
Tolerance 
= ± 20% 
Voltage 
Rating = 10V 
Type = Non-Electrolytic, 
low leakage. 
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CRYSTAL 
REQUIREMENTS(1) 


Parameter 
Min 
Typ 
Max 
Units 
Comments 


Frequency 
Accuracy 
(O°C- 70°C) 
-0.0035% 
12.96 
+0.0035% 
MHz 
Refer to 
Figure 10 
Rx 
- 
10 
16 
Ohms 
Cx 
0.024 
pF 
Co 
5.1 
5.6 
6.1 
pF 
CL(2) 
-5% 
47 
+5% 
pF 
2 Load 
. 
Capacitors 


NOTES: 
1. Crystal 
Type: Parallel 
Resonant 
2. Crystal 
manufacturers 
usually specify 
the accuracy 
of a parallel 
resonant 
circuit at a given "load 
capacitance". 
This "load 


capacitance" 
is specified 
to the crystal 
manufacturer 
as 33 pf. 33 pf includes 
the parallel 
combination 
of the capacitances 
seen at the pins of the crystal. 
These 
capacitances 
include 
CL. IC pin capacitances. 
and a 3 ± 2 pf trace capacitance. 


89027 


~~I~~-rrT~~~~I~ 
__ ~Xl 


CL X : 
:XCL 
OGNOI 
Co 
IOGNO 
~----------~ 


Figure 10. Crystal Equivalent 
Circuit 


ANALOG 
OUTPUTS: A01, AMP 


Parameter 
Min 
Typ 
Max 
Units 
Comments 


Load Resistance 
A01 
600 
Ohms 
AMP 
10 
kOhms 


Load Capacitance 
AMP 
100 
pF 


Audio Amp Gain 
-9 
dB 
Max 
A01 to Amp 
-18 
dB 
Mid 
( SOftware) 


-26 
dB 
Min 
Selectable 


-70 
dB 
Off 


Audio Amp Gain(1) 
+12 
dB 
Max 
A02 to Amp 
+3 
dB 
Mid 
( SOftware) 
-4 
dB 
Min 
Selectable 


-60 
dB 
Off 


NOTE: 
1. Assumes 
on-chip 
hybrid is enabled. 
When on-chip 
hybrid is disabled. 
gain with respect 
to A02 
is reduced 
by 6 dB. 
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Transmit 
Output 
Level(1) 


TX 3,2,1,0 
Typ 
Units 


0000 
+5 
dBm 
0001 
+4 
dBm 
• 
• 
• 
• 
• 
• 
• 
• 
• 
1 1 1 0 
-9 
dBm 
1 1 1 1 
-10 
dBm 


NOTE: 
1. For PSK and QAM transmit 
signal. For FSK transmit 
siq- 


nal 
levels, 
they 
are 
typically 
1 dB 
lower. 
All 
signals 
are 
measured 
at A01. The tolerance 
for the transmit 
levels is 
±1 
dBm. 


89C024LT CHIP·SET USERS: 


An example 
of how to design a single board for both 
an 89C024LT 
and 
89C024FT 
modem 
product 
is 
available 
from your toeallntel 
sales office. This doc- 
ument 
is titled 
"Upgrading 
From the 89C024LT 
to 
89C024FT." 
It provides 
information 
for a smooth 
up- 
grade from an 89C024LT 
to an 89C024FT 
product. 


REFERENCe M~NUALS 


The 
Modem 
Reference 
Manual 
(Order 
Number 
296235} 
contains 
pi" 
descriptions, 
AT and 
MNP 
command 
descriptions. 
schematics, 
and important 
design 
guidelines 
for the 
89C024LT, 
89C024XE, 
and 89024 modem chip-sets. 
The Modem 
Software 
Reference 
Manuat 
(Order 
Number 
296503-001) 
provides 
information 
about 
the 
modem 
software 
routines. 
The 89C024FT 
Modem 
Reference 
Manual 
Addendum 
contalns 
design 
information 
on the 
89C024FT 
chip-set. 
Contact 
your local 
Intel sales 
office for the latest information. 


MD024LT 
MODEM DEMO BOARD 


• 
Fully Functional 
Modem 


• 
Demonstrates 
89C024L T Operation 


• 
Pocket 
Modem 
Size (4" by 2.5") 


• 
MNp· 
Class 4 Error Correction 


• 
MNP Class 5 Data Compression 


• 
RS232 Serial Interface 


• 
Includes 
Power Supply 


• 
Includes 
Demonstration 
Software 


The M0024L T is a modem 
demo 
board 
in a pocket 
modem 
style. It facilitates 
simple 
demonstration 
of the 
89C024L T operation. 
The 89C024L T is a low power, error correcting 
Laptop 
modem 
chip-set. 
The 89C024L T 
is composed 
of the 89027 Analog 
Front End and the 89C026L T Microcontroller. 


The M0024L T includes 
a 32k x 8 EPROM and an 8k x 8 SRAM to demonstrate 
the AT auto-dial er, MNP class 
4 error correction 
and MNP class 5 data compression. 
Phone numbers 
and parameters 
may be stored 
in the 
on-board 
NVRAM. 
A terminal 
can 
be used 
to configure 
the 
modem 
via the 
RS232 
serial 
port. 
A OM is 
provided 
for direct phone 
hook up via an RJ11 connector. 


The M0024L T board is shipped 
with a 120V power supply, demonstration 
utility diskette 
for an IBM Personal 


computer, 
a demonstration 
kit document, 
and 
an RJ11 
phone 
cord. 
The 
diskette 
contains 
a program 
to 
demonstrate 
and measure 
the 89C024L T throughput, 
and a copy of Intel's 
communication 
software 
iTerm . 


120V 


2.5" 


----------- 
•..----------- 
290390-1 
MD024L T Block Diagram 


'MNP is a registered trademark of Microcom Inc. 
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MD024FT 
MODEM DEMO BOARD 


• 
Fully Functional 
Modem 


• 
Demonstrates 
89C024FT 
Operation 


• 
Pocket 
Modem 
Size (4.5" by 2.5") 


• 
V.42 Compliant 
Error Correction 
Protocols 
(LAPM and MNp·4) 


• 
V.42bls and MNP 5 Data Compression 
Increase 
throughput 
up to 4 Times with 
DTE Rates of 9600 


• 
RS232 Serial Interface 


• 
Includes 
Power Supply 


• 
Includes 
Demonstration 
Software 


The MD024FT is a modem demo board in a pocket modem style. It facilitates simple demonstration of the 
89C024FT operation. The 89C024FT is a low power V.42/42bis compliant Laptop modem chip-set. The 
89C024FT is composed of the 89027 Analog Front End and the 89C026FT Microcontroller. 


The MD024FT includes a 64k by 8 EPROM and a 32k by 8 SRAM to demonstrate the AT auto-dialer, V.42 
error correction (LAPM and MNP class 4) and V.42bis data compression (BTLZ and MNP class 5). Phone 
numbers and parameters may be stored in the optional on-board NVRAM. A terminal or PC can be used to 
configure the modem via the RS232 serial port. A DAA is also provided for direct phone hook up via an RJ11 
connector. 


The MD024FT board is shipped with a 120V AC power supply, demonstration utility diskette for an IBM 
Personal computer and an RJ11 phone cord. The utility diskette contains a program to demonstrate and 
measure the 89C024FT's throughput, and a copy of Intel's communication software, iTerm. 


290391-1 
MD024FT 
Demo Board 


'MNP 
is a registered 
trademark 
of Microcom 
Inc. 
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89024 MEK2 
89024 ENHANCED MODEM EVALUATION KIT 


• 
Single Board Evaluation Kit for the 
89024 2400 bps Modem 


• 
Recommended for Bit Error Rate 
Testing 


• 
Intended as an 89024 Software 
Customization 
and Development Tool 


• 
Comprehensive 
User's Manual 


• 
PC Communications 
Package Included 


• 
Includes Power Supply & User Wire- 
Wrap Area 


OVERVIEW 


The 89024 MEK2 is a stand alone Sync/ Async 
Intelligent 
Modem 
evaluation 
kit. This MULTI-BUS" 
form-fac- 
tor circuit board is a fully assembled 
and functional 
modem that can be used for demonstrating 
the capabilities 
of the 89024 2400 bps Intelligent 
modem chip-set. 
It is also a versatile 
tool for evaluating 
the chip-set 
Bit Error 
Rate performance, 
as well as customizing 
the 89024 
software. 


The board is equipped 
with a power supply module, 
eliminating 
the need for a lab power supply, as well as a 
comprehensive 
user's manual 
and an Intel PC Communications 
Software 
package 
(iTERM) . 


ITER ••• 
pc CO ••••••UNICATIONS 
PROGRA ••• 
I ~ I 


TO SBE- 
96 
LED DISPLAY 
E•••ULATOR 


llDV 


.----.---'1:1 
TO TELEPHONE 
SET 
1.----1--'''' TO PHONE 
LINE 


WIDE WRAP 
AREA 


TO SCOPE 
X-AXIS 
I +---~ 
TO SCOPE 
Y-AXIS 
Q +- 
..J 


TO R•••S DV... 
ERROR +--------' 
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NOTE: 
This product 
does 
not comply 
with FCC part 68 and part 15 requirements. 
It is intended 
for laboratory 
evaluation 
only. 


Figure 
1.89024 
MEK2 Block 
Diagram 
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intJ 
89024 MEK2 


SOFTWARE 
DEVELOPMENT 
DOCUMENTATION 


The 89024 MEK2 provides EPROM sockets for eval- 
uating user developed software and provides the 
necessary clocking provisions to interface to an 
SSE-96 In-Circuit Emulator board. 


For evaluation of modem signal quality, a constella- 
tion (eye pattern) decoder circuit has been included 
on-board. All hardware/software configurable fea- 
tures of the 89024 chip-set are strap configurable on 
this board. 


HARDWARE 
OVERVIEW 


The board provides a convenient vehicle for con- 
ducting Sit Error Rate tests. It is a good example of 
simple double-sided PCS layout that meet stringent 
modem noise requirements. The DAA interface sup- 
ports Voice/Data Communications, as well as, 1A2 
Key System A lead control. A loud-speaker and am- 
plifier provide audible indication of call progress to 
the user. A series of LED indicators display the 
status of essential modem functions. 


SERIAL 
INTERFACE 


A 
female 
DS-25 
connector 
provides 
an 
RS-2321V.24 Sync/ Async interface to the DTE. For 
Async PC communications, iTERM Communications 
Disk may be used to drive the modem. This software 
package allows a PC to emulate an ASCII terminal. 
The program has several user-friendly menus which 
accommodate setting terminal parameters and load- 
ing the PC Function Keys with AT command strings. 


Detailed information on the 89024 MEK2, iTERM 
and 89024 is provided. Following is a list of the en- 
closed documents. 
1.89024 MEK2 User's Guide 
2. 89024 Reference Manual 
3. 89024 Data Sheet 
4. 89024 Firmware Evaluation Report 


89024 Reference 
Manual 


The 89024 Reference Manual details design infor- 
mation for the 89024 Modem Chip Set. It provides 
descriptions and specifications of the two chips 
comprising the 89024, the 89026 and the 89027. In 
addition, it describes the control interface between 
the two chips. 


The reference manual also provides a full descrip- 
tion of all the "AT" commands and S-registers sup- 
ported by the 89024 Modem Chip Set. 


Intel literature number: 296235-001 


ORDERING 
INFORMATION 
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MEK3 
MODEM EVALUATION KI:r 


• 
Single Board Modem 
Evaluation 
Kit for 
the 89024, 89C024XE 
and MNP* Class 5 
Firmware 


• 
Onboard Constellation 
Decoder 


• 
Software 
Customization 
and 
Development 
Platform 
for Intel Modem 
Chipsets 


• 
Comprehensive 
User's Manual 


• 
iTERM PC Communication 
Package 


• 
User Wire-Wrap 
Area for H/W 
Customization 


• 
Includes Power Supply 


OVERVIEW 


The MEK3 is a modem evaluation 
kit for Intel's modem 
line of products. 
These include 89024 and 89C024XE- 
MNP Modems. 
This evaluation 
board comes assembled 
and tested as a functional 
modem. 
It is also designed 
to 
provide 
on board 
prototyping 
area 
for 
purposes 
of customization. 
The 
packaged 
unit 
comes 
with 
the 
89C024XE 
chip-set 
socketed 
on the board. 


The board is equipped 
with a power supply module, eliminating 
the need for a lab power supply. A comprehen- 
sive. user's 
manual and a copy of the Intel PC communications 
Software 
package 
iTERM is also included. 


ITERM 
PC COMMUNICATIONS 
PROGRAM 
W 


TO ICE-196 
LED DISPLAY 
EMULATOR 


110V 


TO TELEPHONE 
SET 
L----'r-1:I TO PHONE 
LINE 


WIRE WRAP 
AREA 


TO SCOPE 
X-AXIS 
I +-----' 


TO SCOPE 
Y-AXIS 
0 +-------' 


TO RMS 
DVM 
ERROR +------- 
...• 


290191-1 


NOTE: 
This product 
is not FCC part 66 and part 15 approved. 
It is intended 
for laboratory 
evaluation 
only. 


Figure 1. MEK3 Block Diagram 


*MNP 
is a registered 
trademark 
of Microcom 
Incorporated. 
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HARDWARE 
OVERVIEW 


The board provides a convenient vehicle for con- 
ducting Bit Error Rate tests. It is a good example of 
simple double-sided PCB layout that meet stringent 
modem noise requirements. The DAA interface sup- 
ports Voice/Data Communications, as well as, 1A2 
Key System A lead control. A loud-speaker and am- 
plifier provide audible indication of call progress to 
the user. A series of LED indicators display the 
status of essential modem functions. The board also 
provides MNP Class 5 operation in conjunction with 
89C024XE modem chip set. 


SERIAL 
INTERFACE 


A 
female 
DB-25 
connector 
provides 
an 
RS-2321V.24 Sync/ Async interface to the DTE. For 
Async PC communications, iTERM Communications 
Disk may be used to drive the modem. This software 
package allows a PC to emulate an ASCII terminal. 


4. 89024 Reference Manual 
5. 89C024XE-MNP5 Modem design kit 


Reference 
Manual 


The Modem Reference Manual is available. It de- 
scribes the 89024 and the 89C024XE chip-sets. It 
also provides a full description of all the "AT" com- 
mands and S-registers supported by the 89024 and 
89C024XE Modem chip-sets. 


MEK3 ORDERING 
INFORMATION 


MEK3 
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INTRODUCTION 
V.23 Modem IC 


This application brief will illustrate the steps involved 
in customizing a modem application using the 89024 
modem chip set. Specifically,it will show how one may 
add V.23 capability to an 89024 modem design as em- 
bodied in the MEK II (Intel Modem Evaluation Kit) 
running software version 3.2. 


GENERAL 
DESCRIPTION 


This design consists of using the 89026 processor to 
control a separate V.23 Data Pump IC (Texas Instru- 
ments TCM3105) to support V.23 modulation in addi- 
tion to the currently supported V.22bis/V.22/V.21/ 
BeIl212/BeIll03. 


The 
modem is placed in V.23 mode using the 
"AT&Al" command and is returned to normal opera- 
tion with the "AT&AO" command. The originating 
modem dials normally using "AT" commands and then 
2 seconds after completion of dialing, the modem sends 
75 bps V.23 carrier. The answering modem, upon de- 
tecting a ring signal, goes off hook and sends 1200bps 
V.23 carrier. The originate modem sends data at 75 bps 
and receivesdata at 1200bps, while the answer modem 
sends at 1200bps and receivesat 75 bps. Both respond 
to "escape" at 1200bps and command mode is always 
at 1200/1200 bps. The V.23 transmit level is fixed. 
Backward channel CCITT circuits are not supported, 
data is always transmitted from pin 2 and received at 
pin 3. 


This application brief does not address the issues of 
V.25 calling tones or V.25 calling station identification. 


HARDWARE 
DESCRIPTION 


The MEK II is modified by adding a Texas Instru- 
ments TCM3105 FSK Modem IC. This Modem chip 
does not have an on-chip 4-wire to 2-wire hybrid cir- 
cuit, so we use a dual op-amp MC1458for this purpose. 
In order to control the TCM3105 we use 3 additional 
outputs of the 74LS373 latch that is already used to 
latch the /JS and AA signals from the microcontroller 
address/data bus. A 74LS1572- to I-line data selector 
is used to select the source of received data and the 
source of "energy detect" signal to the microcontroller. 


The TCM3105 (Ul02) is a CMOS V.23 modem in a 
16-pinpackage that consumes only 40 mW. It requires 
an external 4.4336MHz crystal connected between pins 
15 and 16 to derive timing. A resistor divide~sets the 
carrier detect threshold by adjusting the voltage at pin 
10. Bias distortion may be minimized by adjusting the 
voltage at pin 7. Pins 5, 13 and 12 together set the 
various modes of operation. These pins are connected 
to pins 6, 9 and 12 respectivelyof 74LS373 (UI8) and 
are controlled through bits 2, 3 and 4 and executing a 
"STore" instruction to any even address of external 
memory (since this is the only external memory to be 
used). The modes of interest to us are: 


fFr 


TCM3105 pin 12 - TXR2 
CTCM3105 
pin 13-TXRl 
~rTCM3105 
pinS 
-TRS 


76543210 
xxx 111 xx - Transmit Disabled 
xxxOOl xx - TX 1200 bps, RX 75 bps (V.23 Answer made) 
xxxOl0xx 
-TX 75bps.RX 
1200bps (V.23 Originate mode) 
292058-1 


74LS157 Data Selector 


This IC is always enabled and the select signal is con- 
nected to the 6th output (bit 5) of the 74LS373 latch 
(U18). "SToring" a "0" to bit 5 of the latch selects 
"normal" mode of operation, while "SToring;' a "I" to 
bit 5 selects V.23 mode. During "normal" mode, Re- 
ceive Data (RXD) is routed from the 89026 microcon- 
troller to the DTE and Energy Detect (ED) is routed 
from the 89027 AFE to the microcontroller. During 
V.23 mode RXD goes from the TCM3105 to the DTE 
and ED goes from the TCM3105 to the microcontrol- 
ler. Transmit Data (TXD) is alwaysconnected from the 
DTE to both the 89026 and the TCM3105. 


MC1458 Dual Op-Amp 


This IC is configured as an active hybrid circuit, con- 
verting the 4-wire transmit and receivesignalsto 2-wire 
to drive the line transformer. The transmitted signal is 
also summed, but since only one of the transmitters will 
be active at a time, this will not be a problem. The 
89027has pin 10tied low so as to disable the AFE's on- 
chip hybrid. 


A schematic diagram of these changes is shown in Fig- 
ure I. 
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Figure 1. Schematic 
Diagram 
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SOFTWARE 
DESCRIPTION 


We choose the "&A" command as one that is not currently used by major "AT" compatible modem vendors. We 
will use S23 bit 3 as the bit to indicate that V.23 mode has been selected, since this bit is unused in "AT" modems. 
"&AI" will cause S23 bit 3 to be set to a "I" and &AOor just "&A" will cause it to be cleared. The modem software 
will examine this bit to determine whether V.23 mode has been selected. 


Note that source code will always be written in capital letters and that the assembler ignores the rest of a line after a 
semi-colon (;). When giving modified source code I will usually "comment out" the original code by adding a semi- 
colon to the beginning of the line. This is an excellent practice to facilitate the documentation of changes. 


By convention we name the source files: nmxxx.SRC (where n.m is the software version and xxx is the generic file 
name). Since we are using software version 3.2 the files that we will be changing are: 
32AAD.SRC 
register assignment defmitions ($INCLUDEd with all source files) 
32CMD.SRC 
Command Decoder 
32CPM.SRC 
Call Progress Monitor routines 
32HND.SRC 
Handshake routines 
32DATA.SRC 
Data Mode routines 


Decoding AT&Al Command and Setting the S23 Bit 
All of these changes will be done to the 32CMD.SRC file. 


Since many commands simply modify S-register bits, we can take advantage of the "COMMON_REGISTER-... 
OPERATIONS:" 
code by adding our command to the necessary tables and allowing it to be decoded as a register- 
modifying command. 


I DCB 
(3' 
32) + (523-50) 


Add as the last entry in TABLE_I: 


This will tell the common routine that this command affects bit 3 of S23. The table is set up so that it only occupies 
one byte per entry, with the bit number in the upper 3 bits and the register number in the lower 5 bits. 


Add the command to the command list and the command vector table: 


DCB 
"CJLPR5DG , 
DCB 
"MXFWZT'. 
DCB 
"MXAFWZT'. 
o 
o 
was like this 
added &A command betw X and F 


DCB 
AND_G_CMD-Gl. AND_M_CMD-Gl. AND_X_CMD-Gl. 
AND_F_CMD-G2 
DCB 
AND_G_CMD-Gl. AND_M_CMD-Gl, AND_X_CMD-Gl. 
AND_A_CMD-Gl 
DCB 
AND_F_CMD-G2 


The command vector table is the address offset of the command label from that of the first command (G I EQU A_ 
CMD). In the interests of saving space this offset table is only I byte per entry and so it has to be split into 2 groups 
as the range of addresses of command labels is more than 255 bytes. When modifying command code it is worth 
checking the list file to make sure that the CMD_LU_TBL: 
entries do not get bigger than OFFH and wrap around 
through 0, causing those commands to branch to the wrong address. 
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Fix the branch 
vector calculator 
and the dial command 
offset calculator 
because 
the lst group of commands 
are now 
33 instead 
of 32: 


ADD OFFSET TO 1ST CMD GROUP 
FIRST 32 CMDS FIT IN 
FIRST 33 CMDS FIT IN 


GENERATE_BRANCH_VECTOR: 
ADD 
TEMP_CMD_3, 
#Gl 
CMPB TEMP_CMD_2, 
#32 
CMPB TEMP_CMD_2, 
#33 


D_R_CMD: 
SUBB 
SUBB 
CPM_CONTROL, 
TEMP_CMD_2, 
#36 
CPM_CONTROL, 
TEMP_CMD_2, 
#37 


Add the command 
label with the rest of the register 
modifying 
commands: 


added &A command 
for V.23 operation 
LCMD: 
AND_A_CMD: 
AND_C_CMD: 


Updating 
the Output 
Pins to Control 
the TCM310S 
and Data 
Selector 
The 
IO_CONTROL: 
section 
of code in file 32CMD.SRC 
runs 
all the time and could 
be considered 
the "back- 
ground 
routine". 
This is where 
the RS232 
leads are updated, 
the health 
of the other 
routines 
is checked 
and the 
74LS373 
latch (VIS) 
is written 
and is thus an appropriate 
place for the TCM3105 
chip and the Data 
Selector 
(Data 
Mux) 
to be updated. 
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Add the following code after END_JS_UPDATE: 
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v_2:LUPDATE: 
ANDB TEMP_CMD_l, #llOlllllB 
ORB 
TEMP_CMD_l, 
#OOOlllOOB 
JBC 
S23, 
3, END_V_23_UPDATE 


JBC 
CNTRL_C, 1, END_V_23_UPDATE 
ANDB TEMP_CMD_l, #lllOOlllB 
ORB 
TEMP_CMD_l, #OOOOOlOOB 


JBC 
S14, 7, NOT_ORIG_MODE 
ANDB TEMP_CMD_l, 
#lllOlOllB 
ORB 
TEMP_CMD_l, 
#OOOOlOOOB 


NOT_ORIG_MODE: 
JBC 
CNTRL_C, 0, END_V_23_UPDATE 
JBS 
CNTRL_C, 2, END_V_23_UPDATE 
ORB 
TEMP_CMD_l, #OOlOOOOOB 


END_V_23_UPDATE: 


MUX TO NON-V.23 POSN 
SET V.23 CHIP OFF 
JMP IF NOT IN V.23 MODE 


JMP IF NOT IN HND OR DATA MODE 
SET V.23 CHIP TO ANS MODE 


JMP IF S REG SET TO ANS MODE 
SET V.23 CHIP TO ORIG MODE 


JMP IF NOT IN DATA MODE 
JMP IF CMD FUNCTS ENABLED 
DATA MODE, SO MUX TO V.23 POSN 


, 


The next instruction in the source code STores the contents of TEMP _CMD_I 
to PORT3, and so updates the 
Data Mux. 


In order to ensure that the Data Mux gets set before the "OK" message is sent when entering the on-line escape state 
(response to ••+ + + "), add a line of code after the three "ORB" instructions: 


VALID_ESCAPE_SEQUENCE: 
ORB 
CNTRL_F, #OOOlOOOOB 
ENABLE ESCAPE 
STATE 
ORB 
CNTRL_C, #OOOOOlOOB 
ENABLE CMD FUNCTIONS 
ORB 
MSG_RQST, 
#OOlOOOOOB 
SEND ·OK" MESSAGE WITH MSG RQST 
JBS 
S23, 3, ESCAPE_DETECT_END 
TRICK TO FORCE 1 MORE PASS THRU 
; IO_CONTROL FOR MUX SETUP BEFORE GOING TO COMMAND DECODER 
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After a dial command is executed by the Command routine, it will activate the Call Progress routines. 


The V.23 Call Progress Monitor Routines 
The 32CPM.SRC routines check for call progress signals on the phone line and also for answer tone from the remote 
answering modem. Since a V.23 modem will answer with a 1300 Hz tone (1200 bps mark frequency), the AFE 
receive filter must be set to V.22 answer mode so as to pass this frequency to the energy detect circuitry. 


Add three lines of code at the label SET_ANSWE~CONT: 


SET_ANSWER_CONT: 
ANDB CPM_FLAG, 
#lllOllllB 
; FLAG ANSWER PROCESSING 
FOR HOUSEKEEPING 


JBC 
S23, 
3, SET_ANSWER_CONT_1 
LDB 
AFE_BYTE3, 
#OlOOOOOOB 
SET_ANSWER_CONT_1: 


IF V23 MODE THEN 
SET FILTER 
TO QAM ANS FOR 
1300Hz CARRIER DETECTION 


SJMP SIGNAL_MONITOR_INIT 


The CPM routines will hand over control to the Handshake routines which we need to modify for V.23 handshake. 


The V.23 Handshake Routines 
The Handshake mode 32HND.SRC is entered for the first time after successful completion of the Call Progress 
routines. The first time that HANDSHAKE~ODE: 
is called, it goes through the Initialization code before the 
main routine is executed, thereafter the Initialization is skipped. The Main routine is entered at a rate of 600 times 
per second or more and consists of checking for Energy Detect and then branching to the routine address saved in 
TX.-RTN_ADDR. 
The logical flow of the handshaking is controlled by changing the contents of T~RTN_ 
ADDR to the address of the routine to be executed the next time Handshake is called. 


292058-3 


Figure 2 
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The Initialization required for V.23 consists of starting the S7 wait-for-carrier timer, starting a 2 second timer and 
loading a return address for the next time the routine executes. The following lines of source code are added 
(identified by "V23" at the start of the comment field) to the Handshake Initialization: 


HANDSHAK.E_INIT: 
ANDB MODE_STATUS, 
#lOllllllB 


JBC 
S23, 
3, 
NOT_V23_INIT 


V23_HND_INIT: 
ADDB S7_TIMER, TIME_BASE_SECOND, 
S7 
ADDB TX_TIMER, TIME_BASE_lOOMS, 
#20D 


LD 
TX_RTN_ADDR, 
#V23_HND_WAIT 
SJMP HND_INIT_END 


CLEAR INIT FLAG 
V23 
; V23 
V23 
V23 INIT S7 DCD TIMER 
V23 INIT 2 SEC TIMER 
V23 
V23 
V23 
V23 


After the initialization code is executed once, the software will keep branching to V23_HND_ 
WAIT: until the 


2-second timer has expired, then it will initiate a "CONNECT" message. While the Connect message is being sent, 
the software will branch to V23_HND_MESSAGE:, 
then it will set up the Data mode and thereafter the Data 
Mode will be called instead of the Handshake mode. 


V23_HND_WAIT: 


CMPB TIME_BASE_lOOMS, 
TX_TIMER 
JNE 
V23_HND_END 


V23_HND_MESSAGE_INIT: 


LDB 
MESSAGE_REQUEST, 
#OOlOOOOlB 
LD 
TX_RTN_ADDR, 
#V23_HND_MESSAGE 
SJMP V23_HND_END 


V23_HND_MESSAGE: 


JBS 
MESSAGE_REQUEST, 
5, V23_HND_END 


V23_HND_MESSAGE_END: 


ANDB COPY_PORT4, #lOllllllB 


V23_SET_UP_DATA_MODE: 


This 
is where 
we need 
to 
set up 
for 


ORB 
CNTRL_C, #OOOOOOllB 
ANDB 
AFE_BYTE4, 
#OOllllllB 


CLRB 
DM_FLAGS 
ORB 
MODE_STATUS, 
#lOOOOOOOB 
V23_HND_END: 


LJMP 
HANDSHAKE_MO DE_END 


V23 
V23 TIMER EXPIRED YET? 
V23 
V23 
V23 START CONNECT MESSAGE 
V23 
V23 
V23 
V23 
V23 MESSAGE 
SENT YET? 
V23 
V23 
V23 DCD HIGH AFTER CONNECT 
V23 
going 
to data 
mode 
V23 GO TO DATA MODE 
V23 TXMITTER OFF, AFE OFF 
V23 CLEAR FLAGS FOR DM 
V23 INIT DATA MODE 
V23 
V23 
V23 


4-83 


• 


AB-24 


V.23 Data Mode 
The modifications required in the Data Mode consist of checking for V23 mode and skipping past: 
Initialization 
Send space disconnect (twice) 
Receive space disconnect 
Loss of carrier disconnect 
Retrain request 
Test mode 


DATA_MODE_INIT: 
DM FLAGS ALREADY 
CLEARED 
ANDB MODE_STATUS,#7FH 
JBS S23, 3, DATA_MODE_INIT_END 


IN HANDSHAKE 
MODE 
CLEAR INITIALIZE FLAG 
; IF V23 THEN INIT DONE 


DISCONNECT_INIT: 
ANDB DM_FLAGS, 
#l1111101B 
JBS 
S23, 
3, 
HANG_UP 
CLEAR DISCONNECT 
INIT FLAG 
V23 FORGET SPACE DISCONNECT 


IF BREAK_DISCONNECT 
DISABLED 
V23 FORGET BREAK 


SEND_SPACE: 
JBC 
S21, 7, HANG_UP 
JBS 
S23, 3, 
HANG_UP 


CHECK FOR LONG SPACE DISC 
CHECK_DISCONNECT: 
CHECK_BREAK: 
JBS 
S23, 3, 
SET_BREAK_TlME 
V23 FORGET BREAK 


CHECK_CARRIER_LOSS: 
JBS 
PORTO, 7, CHECK_CARRIER_LOSS_END 
; SKIP IF ED IS HIGH 
ORB 
DM_FLAGS, 
#01000000B 
; SET CDLOSS FLAG 
ADDB EDOFF_TIME,TIME_BASE_100MS,S10 
; CDOFF THRESHOLD 
IN REGISTER 
INCB EDOFF_TIME 
PUT AN OFFSET IN TIME FOR PROPER 
OPERATION DURING TM EXIT 
JBS S23, 3, CARRIER_LOSS_END 
; ALL DONE IF V23 MODE 


QAILRETRAIN: 
JBS S23, 3, SJMP_CHECK_TEST_MODE 
SKIP RETRAIN 
IF V23 MODE 


CHECK_S16_STATUS: 
EXAMINE 
S16 REGISTER 
FOR ANY TEST MODES AND SET FLAG 
JBS S23, 3, CHECK_S16_STATUS_END 
; SKIP RETRAIN 
IF V23 MODE 
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Assembling the Source Files 
The source files can be assembled by issuing the following commands at the DOS prompt: 


ASM96 32CMD.SRC 
ASM96 32CPM.SRC 
ASM96 32HND.SRC 
ASM96 32DATA.SRC 


Linking the Object Files 
Link the object files by issuing the following command at the DOS prompt: 


RL96 32HND.OBJ, 32INIT.OBJ, 32CMD.OBJ, 32CPM.OBJ, 32DATA.OBJ, 
32S0FT.OBJ, 32HSI.OBJ, 32HSO.OBJ, 32RX.OBJ TO 32ATR 


Programming the EPROMs 
After the code has been linked and located, the code must be split into low and high byte segments for programming 
into EPROMS. The following IPPS session illustrates that process (IPPS prompts are not shown): 


IPPS 
I 80 
FORMAT 32ATR 
3 
2 
I 
o to 
32ATR.LO 
I to 
32ATR.HI 


<enter> 


invoke IPPS 
initialize file format 
filename resulting from linking 
logical unit is byte 
input file is in words 
(2 bytes) 
output file is in bytes 
low order bytes to one file 
high order bytes to another 
press "enter" to exit formatting 


the following assumes that an 
INTEL PiUP 20lA programmer is 
connected to the PC 


TYPE 
display available EPROM types 
27128 
specify EPROM type 
insert blank EPROM into programmer 
COpy 32ATR.LO TO PROM 
copy low byte file to prom 
insert blank EPROM into programmer 
COpy 32ATR.HI TO PROM 
copy low byte file to prom 
EX 
exit IPPS 


Custom routines can now be tested by placing EPROMS into target hardware. 


REFERENCES 
1. "FSK Modems: TCM3105 Designers Information" 
from Telecommunications Circuits Data Book, 1986. By 


Texas Instruments. 


2. MEKII 89024 Enhanced Modem Evaluation Kit Users Manual, 1987. By Intel Corp. 
3. 89024 Modem Reference Manual, 1987. By Intel Corp. 


4. Developing MCS-96 Applications Using the SBE-96. Application Note AP-273 (Order Number 280249-001). By 


Intel Corp. 
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PCM Codec /Filter 
andCombo 
5 


• teI® 
In 
2910A 
PCM CODEC - fLLAW 
8-BIT COMPANDED AID AND 01A CONVERTER 


• 
78dB Dynamic Range, with Resolution 
Equivalent to 12-Bit Linear Conversion 
Around Zero 


• 
Precision On-Chip Voltage Reference 


• 
Low Power Consumption 
230 mW Typ. 
Standby Power 33mW Typ. 


• 
Fabricated with Reliable N-Channel 
MOS Process 


• 
Per Channel, Single Chip Codec 


• 
CCITT G711 and G712 Compatible, ATT 
T1 Compatible with 8th Bit Signaling 


• 
Microcomputer 
Interface with On-Chip 
Tlmeslot Computation 


• 
Simple Direct Mode Interface When 
Fixed Tlmeslots' are Used 


• 
±S% Power Supplies: + 12V, +SV, -SV 


The Intel 2910A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with 
N-channel silicon gate technology. The high density of integration allows the sample and hold circuits, the 
digital-to-analog converter, the comparator and the successive approximation register to be integrated on the 
same chip, along with the logic necessary to interface a full duplex PCM link and provide in-band signaling. 


The primary applications are in telephone systems: 


• Transmission 
- T1 Carrier 
• Switching 
-Digital 
PBX's and Central Office Switching Systems 
• Concentration 
-Subscriber 
Carrier/Concentrators 


The wide dynamic range of the 2910A (78dB) and the minimal conversion time (80lA-secminimum) make it an 
ideal product for other applications, like: 
• Date Acquisition 
• Telemetry 
• Secure Communications Systems 
• Signal Processing Systems 
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Figure 1. Block Diagram 
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Figure 2. Pin 
Configuration 
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CAP2x 
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VFR 
Analog 
Output 
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Digital 
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Clock 
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FSX 
FS. 
Frame 
Sync 
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VBB 
POWOf(-SV) 
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Ground 
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Figure 3. Pin Names 
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Pin Description 


Pin No. 
Symbol 
Function 
Description 


1 
CAP1x 
Hold 
Connections 
for the transmit 
holding capacitor. 
Refer to 


2 
CAP2x 
Applications 
section. 


3 
VFx 
Input 
Analog input to be encoded 
into a PCM word. The signal on this 
lead is sampled 
at the same rate as the transmit 
frame 
synchronization 
pulse FSx, and the sample value is held in the 
external capacitor 
connected 
to the CAP1 x and CAP2x leads 
until the encoding 
process 
is completed. 


4 
AUTO 
Output 
Most significant 
bit of the encoded 
PCM word (+ 5V for negative, 


- 5V for positive inputs). Refer to the Codec Applications 
section. 


5 
GRDA 
Ground 
Analog return common 
to the transmit 
and receive analog 
circuits. Not connected 
to GRDD internally. 


6 
SIGR 
Output 
Signaling 
output. SIGR is updated with the 8th bit of the receive 
PCM word on signaling 
frames, and is latched between 
two 
signaling frames. TTL interface. 


7 
Voo 
Power 
+ 12V±5%; 
referenced 
to GRDA. 


8 
DR 
Input 
Receive 
PCM highway (serial bus) interface. 
The Codec serially 
receives 
a PCM word (8 bits) through this lead at the proper time 
defined by FSR, CLKR, Dc, and CLKe. 


9 
PDN 
Output 
Active high when Codec is in the power down state. Open drain 
output. 


10 
VFR 
Output 
Analog output. The voltage 
present on VFR is the decoded 
value 
of the PCM word received 
on lead DR. This value is held 
constant 
between 
two conversions. 


11 
NC 
No 
Recommended 
practice 
is to strap these NC's to GRDA. 


12 
NC 
Connects 


13 
GRDD 
Ground 
Ground return common 
to the logic power supply, vcc. 


14 
Dx 
Output 
Output of the transmit 
side onto the send PCM highway (serial 
bus). The 8-bit PCM word is serially sent out on this pin at the 
proper time defined 
by FSx, CLKx, Dc, and CLKe. TTL three- 
state output. 


15 
TSx 
Output 
Normally 
high, this signal goes low while the Codec is 
transmitting 
an 8-bit PCM word on the Dx lead. (Timeslot 
information 
used for diagnostic 
purposes 
and also to gate the 
data on the Dx lead.) Open drain output. 


16 
Vee 
Power 
+ 5V ± 5%, referenced 
to GRDD. 


17 
CLKR 
Input 
Master receive clock defining the bit rate on the receive PCM 
highway. Typically 
1.544 Mbps for a T1 carrier system. 
Maximum 
rate 2.1 Mbps. 50% duty cycle. TTL interface. 


18 
FSR 
Input 
Frame synchronization 
pulse for the receive PCM highway. 


Resets the on-chip timeslot 
counter for the receive side. 
Maximum 
repetition 
rate 12 KHz. Also used to differentiate 
between 
non-signaling 
frames and signaling 
frames on the 
receive side. TTL interface. 
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Pin Description 
(Continued) 


Pin No. 
Symbol 
Function 
Description 


19 
CLKx 
Input 
Master transmit 
clock defining the bit rate on the transmit 
PCM 
highway. Typically 
1.544 Mbps for a T1 carrier system. 
Maximum 
rate 2.1 Mbps. 50% duty cycle. TTL interface. 


20 
FSx 
Input 
Frame synchronization 
pulse for the transmit 
PCM highway. 
Resets the on-chip timeslot 
counter 
for the transmit 
side. 


Maximum 
repetition 
rate 12 KHz. Also used to differentiate 
between 
non-slqnalinq 
frames and signaling 
frames on the 
transmit 
side. TTL interface. 


21 
SIGx 
Input 
Signaling 
input. This digital input is transmitted 
as the 8th bit of 
the PCM word on the Ox lead, on signaling frames. TTL 
interface. 


22 
VBB 
Power 
- 5V ± 5%, referenced 
to GRDA. 


23 
Dc 
Input 
Data input to program the Codec for the chosen 
mode of 


• 
operation. 
Becomes 
an active low chip select when CLKe is tied 
to vcc- TTL interface. 


24 
CLKe 
Input 
Clock input to clock in the data on the Dc lead when the timeslot 
assignment 
feature is used; tied to vcc to disable this feature. 
TTL interface. 


FUNCTIONAL 
DESCRIPTION 


The 2910A 
PCM Codec 
provides 
the analog-to-digi- 
tal and the digital-to-analog 
conversions 
necessary 
to interface 
a full duplex 
(4 wires) 
voice 
telephone 
circuit with the PCM highways 
of a time division 
mul- 
tiplexed 
(TOM) system. 


In a typical telephone 
system the Codec is used be- 
tween the PCM highways 
and the channel 
filters. 


The Codec 
provides 
two major functions: 


• 
Encoding 
and decoding 
of analog 
signals 
(voice 
and call progress 
tones) 


• 
Encoding 
and decoding 
of the signaling 
and su- 
pervision 
information 


On a non-signaling 
frame, 
the Codec 
encodes 
the 


incoming 
analog 
signal at the frame 
rate (FSx) into 
an 8-bit PCM word which is sent out on the Ox lead 
at the proper time. Similarly, the Codec fetches 
an 8- 
bit PCM word 
from 
the 
receive 
highway 
(OR lead) 
and decodes 
an analog value which will remain con- 
stant 
on 
lead 
VFR 
until 
the 
next 
receive 
frame. 


Transmit 
and receive frames 
are independent. 
They 
can be asynchronous 
(transmission) 
or synchronous 
(switching) 
with each other. 


For channel 
associated 
signaling, 
the Codec 
trans- 
mit side will encode 
the incoming 
analog 
signal 
as 


previously 
described 
and substitute 
the signal pres- 
ent on lead SIGx for the least significant 
bit of the 
encoded 
PCM word. Similarly, 
on a receive signaling 
frame, the Codec 
will decode 
the 7 most significant 
bits according 
to the CCITT G733 recommendation 
• 
and will output 
the least significant 
bit value on the 
SIGR lead until the 
next signaling 
frame. 
Signaling 


frames 
on the send and receive 
sides are indepen- 
dent of each 
other, 
and are selected 
by a double- 
width frame 
sync pulse on the appropriate 
channel. 
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Figure 4. Typical 
Line Termination 
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The 291OACodec is intended to be used on line and 
trunk terminations. The call progress tones (dial 
tone, busy tone, ring-back tone, re-order tone), and 
the 
prerecorded 
announcements, 
can 
be 
sent 
through the voice-path; digital signaling (off hook 
and disconnect supervision, rotary dial pulses, ring 
control) is sent through the signaling path. 


Circuitry is provided within the Codec to internally 
define the transmit and receive timeslots. In small 
systems this may eliminate the need for any external 
timeslot exchange; in large systems it provides one 
level of concentration. This feature can be bypassed 
and discrete timeslots sent to each Codec within a 
system. 


In the power-down mode, most functions of the Co- 
dec are directly disabled to reduce power dissipation 
to a minimum. 


CODEC OPERATION 


Codec Control 


The operation of the 2910A is defined by serially 
loading an a-bit word through the Dc lead (data) and 
the CLKc lead (clock). The loading is asynchronous 
with the other operations of the Codec, and takes 
place whenever transitions occur on,the CLKc lead. 
The Dc input is loaded in during the trailing edge of 
the CLKc input. 


006785-3 


The control word contains two fields: 


Bit 1 and Bit 2 define whether the subsequent 6 bits 
apply to both the transmit and receive side (00), the 
transmit side only (01), the receive side only (10), or 
whether the Codec should go into the standby, pow- 
erdown mode (11). In the last case (11), the follow- 
ing 6 bits are irrelevant. 


The last 6 bits of the control word define the timeslot 
assignment, from 000000 (timeslot 1) to 111111 
(timeslot 64). Bit 3 is the most significant bit and bit a 
the least significant bit and last into the Codec. 


Bit 1 
Bit 2 
Mode 


0 
0 
X&R 
0 
1 
X 
1 
0 
R 
1 
1 
Standby 


Bit 
3 
4 
5 
6 
7 
8 
Timeslot 


0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
2 
• 
• 
• 
• 
• 
• 
• 
• 
1 
1 
1 
1 
1 
1 
64 


The Codec will retain the control word (or words) 
until a new word is loaded in or until power is lost. 
This feature permits dynamic allocation of timeslots 
for switching applications. 


Microcomputer 
Control Mode 


In the microcomputer mode, each Codec performs 
its own timeslot computation independently for the 
transmit and receive channels by counting clock 
pulses (CLKx and CLKR). All Codecs tied to the 
same data bus receive identical framing pulses (FSx 
and FSR). The framing pulses reset the on-chip 
timeslot counters every frame; hence the timeslot 
counters of all devices are synchronized. Each Co- 
dec is programmed via CLKc and Dc for the desired 
transmit and receive timeslots according to the de- 
scription in the Codec Control Section. All Codecs 
tied to the same DR bus will, in general, have differ- 
ent receive timeslots, although that is not a device 
requirement. There may be separate busses for 
transmit and receive or all Codecs may transmit and 
receive over the same bus, in which case the trans- 
mit and receive channels must be synchronous 
(CLKx = CLKR). There are no other restrictions on 
timeslot assignments; a device may have the same 
transmit and receive timeslot even if a single bus is 
used. 


There 
are 
several 
requirements 
for 
using the 
CLKc-Dc interface in the microcomputer mode. 
1) A complete timeslot assignment, consisting of 
eight negative transitions of CLKc must be made 
in less than one frame period. The assignment 
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can overlap a framing pulse so long as all 8 con- 
trol bits are clocked in within a total span of 
125 ,...s(for an 8 KHz frame rate). CLKc must be 
left at a TIL low level when not assigning a time- 
slot. 


2) A dead period of two frames must always be ob- 
served 
between 
successive 
timeslot 
assign- 
ments. The two frame delay is measured from the 
rising edge of the first CLKc transition of the pre- 
vious timeslot assigned. 


3) When the device is in the power-down state 
(Standby), the 
following 
three-step 
sequence 
must be followed to power-up the codec to avoid 
contention on the transmit PCM highway. 
a) Assign a dummy transmit timeslot. The dummy 
should be at least two timeslots greater than 
the maximum valid system timeslot (usually 24 
or 32). For example, in a 24 timeslot system, 
the dummy could be any timeslot between 26 
and 64. This will power-up the transmit side, 
but prevent any spurious Ox or TSx outputs. 


b) Two frames later, assign the desired transmit 
timeslot. 


c) Two frames later assign the desired receive 
timeslot. 


4) Initialization sequence: The device contains an 
on-chip power-on clear function which guaran- 
tees that with proper sequencing of the supplies 
(Vcc or Voo on last), the device will initialize with 
no timeslot assigned to either the transmit or re- 
ceive channel. After a supply failure or whenever 


the supplies are applied, it is recommended that 
either power down assignment be made first, or 
the first timeslot assignment be a transmit time- 
slot or a transmit/receive timeslot. The conse- 
quence of making a receive timeslot assignment 
first, after supply application, is that the transmit 
channel will assume timeslot 1, potentially pro- 
ducing bus contention. 
5) Transmit only/receive only operation is permitted 
provided that a power down assignment is made 
first. Otherwise, special circuits which use only 
one channel should be physically disconnected 
from the unused bus; this allows a timeslot to be 
made to an unused channel without 
conse- 
quence. 
6) Both frame synchronizing pulses (FSx FSR)must 
be active at all times after power on 'clear (after 
power supplies are turned on). This requirement 
must be met during powerdown and receive only 
or transmit only operation, as well as during nor- 
mal transmit and receive operation. 


Example 
of Microcomputer 
Control 
Mode: 


The two words 01000001 and 10000010 have been 
loaded into the Codec. The transmit side is now pro- 
grammed for timeslot 2 and the receive side for 
timeslot 3. The Codec will output a PCM word on the 
transmit PCM highway (bus) during the timeslot 2 of 
the transmit frame, and will fetch a PCM word from 
the receive PCM highway during timeslot 3. 
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Figure 5. Microcomputer 
Mode Programming 
Example 
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Figure 6. Microcomputer 
Mode 
PCM Highway 
Example 


In this example the Codec interface to the PCM 
highway then functions as shown above. (FSx and 
FSR may be asynchronous.) 


Direct Control Mode 


The direct mode of operation will be selected when 
the CLKe pin is strapped to the + 5 volt supply 
(VeG>.In this mode, the De pin is an active low chip 
select. In other words, when De is low, the device 
transmits and receives in the timeslots which follow 
the appropriate framing pulses. With De high the de- 
vice is in the power down state. Even though CLKe 
characteristics are simpler for the 2910A it will oper- 
ate properly when plugged into a 2910 board. 


Deactivation of a channel by removal of the appro- 
priate framing pulse (FSx or FSR) is not permitted. 
Specifically, framing pulses must be applied for a 
minimum of two frames after a change in state of De 
in order for the De change to be internally sensed. In 
particular, when entering standby in the direct mode, 
framing pulses must be applied as usual for two 
frames after De is brought high. 


The Codec will enter the direct mode within three 
frame times (375 /Jos)as measured from the time the 
device power supplies settle to within the speci- 


fied limits. This assumes that CLKe is tied to vcc 
and that all clocks are available at the time the sup- 
plies have settled. 


General Control Requirements 


All bit and frame clocks should be applied whenever 
the device is active. In particular, an unused channel 
cannot be deactivated by removal of its associated 
frame or bit clock while the other channel of the 
same device remains active. 


A single channel cannot be deactivated except by 
physical disconnection of the data lead (Dx or DR) 
from the system data bus. A device (both transmit 
and receive channels) may be deactivated in either 
control mode by powering down the device. Both 
channels are always powered down together. 


Encoding 


The VF signal to be encoded is input on the VFx 
lead. An internal switch samples the signal and the 
hold function is performed by the external capacitor 
connected to the CAP1x and CAP2x leads. The 
sampling and conversion is synchronized with the 
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Figure 7. Transmit 
Encoding 
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, 


transmit 
timeslot. 
The PCM word is then output 
on 
the Ox lead at the proper timeslot 
occurrence 
of the 
following 
frame. The AID converter 
saturates 
at ap- 


proximately 
± 2.2 volts RMS (± 3.1 volts peak). 


Decoding 


The PCM word 
is fetched 
by the OR lead from the 
PCM highway at the proper timeslot 
occurrence. 
The 
decoded 
value 
is held 
on an internal 
sample 
and 
hold capacitor. 
The buffered 
non-return 
to zero out- 
put signal on the VFR lead has a dynamic 
range of 
approximately 
± 2.2 volts RMS (± 3.1 volts peak). 


Signaling 


The 
duration 
of the 
FSx 
and 
FSR pulses 
defines 
whether 
a frame is an information 
frame or a signal- 


ing frame: 


• 
A frame 
synchronization 
pulse 
which 
is a full 
clock 
period 
in duration 
(CLKx 
period 
for 
FSx, 


CLKR period for FSR) designates 
a non-signaling 
frame. 


• 
A frame 
synchronization 
pulse which 
is two full 
clock 
periods 
in duration 
(two CLKx 
periods 
for 
FSx, two CLKR periods for FSR) designates 
a sig- 
naling frame. 


On the encoding 
side, when 
the FSx pulse 
is wid- 
ened, the 8th bit of the PCM word will be replaced 
by 
the value on the SIGx input at the time when the 8th 
bit is output on the Ox lead. 


On the decoding 
side, when 
the FSR pulse is wid- 
ened, the 8th bit of the PCM word is detected 
and 
transmitted 
on the SIGR lead. That output is latched 
until the next receiving 
signaling 
frame. 


The remaining 
7 bits are decoded 
according 
to the 
value 
given 
in the 
CC ID 
G733 
recommendation. 


The SIGR lead is reset to a DL 
low level whenever 
the Codec 
is in the power-down 
state. 


Figure 8. Transmit 
8th Bit Slgnaling 


1' 
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'I 
1 
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1 
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I 
T.... 
I 


CLKA~'~'.n.n.Jil.S'l..Jl..I'Ul..Sl 


192 
MC. 
SIGNAL FRAME 
F~ 
.JI 
,~, 
_ 


. 
SIGR 
OR 
~~~~:::::::::::~::~:~:~:::::::::::::::::~:~~~:::::::~:~~::::=~:=:~~~~ 
..: 


SIGA 
: 
:: 
~ 
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Figure 9. Receive 
8th Bit Signaling 
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T1 Framing 


The Codec will accept the standard 03/04 
framing 
format of 193 clock pulses per frame (equivalent to 
CLKx CLKR of 1.544 Mb/s). However, the 193rd bit 
may be blanked (equivalent to CLKx, CLKR of 
1.536 Mb/s) if desired. 


Standby Mode-Power 
Down 


To minimize power consumption and heat dissipa- 
tion a standby mode is provided where all Codec 
functions are disabled except for Dc and CLKc 
leads. These allow the Codec to be reactivated. In 
the microcomputer mode the Codec is placed into 
standby by loading a control word (Dc) with a "1" in 
bits 1 and 2 locations. In the direct mode when Dc is 
brought high, the all "1's" control word is internally 
transferred to the control register, invoking the 
standby condition. 


While in the standby mode, the Ox output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. The SIGRoutput is held 
low to provide a known cqndition and remains this 
way upon activation until it is changed by signaling. 


The power consumption in the standby mode is typi- 
cally 33 mW. 


Power-On Clear 


Whether the device is used in the direct or micro- 
computer mode, an internal reset (power-on clear) is 
generated, forcing the device into the power down 
state, when power is supplied by any of the following 
methods. (1) Device power supplies are turned on in 
a system power-up situation where either vcc or 
VOO is applied last. (2) A large supply transient caus- 
es either of the two positive supplies to drop to less 
than approximately 2 volts. (3) A board containing 
r- 


Codecs is plugged into a "hot" system where vcc or 
Von is the last contact made. It may be necessary to 
trim back the edge connector pins or fingers on VCC 
or Voo relative to the other supply to guarantee that 
the power-on clear will operate properly when a 
board is plugged into a "hot" system. Furthermore, 
the Codec will inhibit activity on TSx and Ox during 
the application of power supplies. 


The device is also tolerant of transients in the nega- 
tive supply (VBB)so long as VBBremains more neg- 
ative than -3.5 
volts. VBBtransients which exceed 
this level should be detected and followed by a sys- 
tem reinitialization. 


Precision Voltage Reference 
for the 
DI A Converter 


The voltage reference is generated on the chip and 
is calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devic- 
es to derive a temperature stable and bias stable 
reference voltage. 


A gain setting op amp, programmed during manufac- 
turing, "trims" the reference voltage source to the 
final precision voltage reference value provided to 
the 0/ A converter. The precision voltage reference 
determines the initial gain and dynamic range char- 
acteristics described in the A.C. Transmission Speci- 
fication section. 


u-Law Conversion 


J.L-Iawrepresents a particular implementation of a 
piece-wise linear approximation to a logarithmic 
compression curve which is: 


F(x) = Sgn(x) In(1+ J.Llxl)0 ~ Ixl s 1 
In(1+ J.L) 


where x = input signal 


Sgn(x) = sign of input signal 


J.L = 255 (defined by AT & T) 


The 2910A J.L=255 
law Codec uses a 15 segment 
approximation to the logarithmic law. Each segment 
consists of 16 steps. In adjacent segments the step 
sizes are in a ratio of two to one. Within each seg- 
ment the step size is constant except for the first 
step of the first segment of the encoder, as indicated 
in the attached table. The output levels are midway 
between the corresponding decision levels. The out- 
put levels Ynare related to the input levels xn by the 
expression: 


x +x 
+1 
Yn= 
n 
n 
for 1 ~ n ~ 127 
2 


Yo = XO = 0 for n = 0 


These relationships are implicit in the following ta- 
ble. 
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Theoretical 
WLaw-Positive 
Input Values (for Negative 
Input Values, Invert Bit 1) 


1 
2 
3 
4 
5 
6 
7 
8 


Valueat 
Decision 
PCMWord(3) 
Normalized 
Decoder 
Segment 
No.01Stepa 
Segment 
Value 
Decision 
Value 
Output 
Number 
x Step Size 
End 
Numbern 
Valuexn(l) 
USB 
Bit Number 
LSB 
at Decoder 
Value 
Points 
123 
4 5 6 7 8 
Output Yn(4) 
Number 


8159(5) 
(128) 
(8159) 
1 0 0 o 0 0 0 0 
r- 
8031 
127 
127 
7903 


i 
I 
I 
I 
I 
I 
I 


8 
16x 256 
I 
I 
(seeNote2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
113 
4319 
I 
I 


1 0 0 o 1 1 1 1 
I- 
4191 
112 
4063 
112 
4063 


I 


I 
I 
I 
I 
I 
I 


7 
16x 128 
I 
I 
(seeNote2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
97 
2143 
I 
I 


100 
1 1 1 1 1 
I- 
2079 
96 
2015 
96 
2015 
I 
I 
I 
I 
I 
I 
I 


6 
16x64 
I 
I 
(seeNote2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
81 
1055 
I 
I 


1 0 1 o 1 1 1 1 - 
1023 
80 
991 
80 
991 
I 
I 
I 
I 
I 
I 
I 


5 
16x32 
I 
I 
(seeNote2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


65 
511 
I 
I 


1 0 1 1 1 1 1 1 - 
495 
64 
479 
64 
479 


i 
I 
I 
I 
I 
I 
I 


4 
16x 16 
I 
I 
(seeNote2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
49 
239 
I 
I 


1 t 
0 o 1 1 1 1 - 
231 
48 
223 
48 
223 
i 
I 
I 


I 
I 
I 
I 


3 
16x8 
I 
I 
(seeNote2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
33 
103 
I 
I 
1 1 0 1 1 1 1 1 
e- 
99 
32 
95 
32 
95 
I 
I 
I 
I 
I 
I 
I 


2 
16x4 
I 
I 
(seeNote2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
17 
35 
I 
I 
1 1 1 o 1 1 1 1 
I- 
33 
16 
31 
16 
31 


I 
I 
I 
I 
I 
I 
I 


15x2 
I 
I 
(seeNote2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
2 
3 
I 
I 
1 
1 1 1 1 1 1 1 0 
I- 
2 
1 
J, 
1 
1 
1xl 
1 1 1 1 1 1 1 1 
0 
0 
0 
0 


NOTES: 
1. 8159 normalized value units correspond 
to the value of the on-chip voltage reference. 
2. The PCM word corresponding 
to positive 
input values between 
two successive 
decision 
values numbered 
nand 
n + 1 
(see column 4) is (255-n) 
expressed as a binary number. 


3. The PCM word on the highways is the same as the one sbown in column 6. 
4. The voltage 
output on the VFR lead is equal to the normalized 
value given in the table, augmented 
by an offset. 
The 
offset value is approximately 
15 mV. 


5. x128 is a virtual decision value. 


5-9 


006785-10 


Figure 10. Codec Transfer Characteristic 


During signaling 
frames, 
a 7-bit transfer 
characteris- 
tic is implemented 
in the decode-r. This characteristic 
is derived 
from the decoder 
values 
in the attached 
table 
by assuming 
a value 
of "1" 
for the LSB (8th 
bit) and shifting 
the decoder 
transfer 
characteristics 


one half-step 
away from the origin. For example, 
the 
maximum 
decoder 
output 
level for signaling 
frames 
has 
normalized 
value 
7903, 
whereas 
it has value 
8031 in normal 
(non-signaling) 
frames. 


APPLICATIONS 


r-------------, 
VFx 
~ 
CODEC 
t CAP1x 


500Q 
CAPx l 
R, 
I 
2000 pF 


150 
KO 
: 
II 


GRDA 


VF. 


I 
I 
I 
2 mV OFFSET 
I 
L.-1RD;---------J 
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Figure 11. Circuit Interfae_without 
External Auto Zero 
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Holding Capacitor 


2910A 


For an 8 KHz sampling system the transmit holding 
capacitor CAPx should be 2000 pF ± 20%. 


Auto Zero 


The 2910A contains a transparent on-chip auto zero 
plus a device pin for implementing a sign-bit driven 
external auto zero feedback loop. The on-chip auto 
zero reduces the input offset voltage of the encoder 
(VFx) to less than 3 mY. For most telephony applica- 
tions, this input offset is perfectly acceptable, since it 
insures the encoder is biased in the lower 25% of 
the first segment. 


Where lower input offset is required the external 
auto zero loop may be used to bias the encoder ex- 
actly at the zero crossing point. The consequence of 
the external auto zero loop, aside from extra compo- 
nents, is the addition of the dithering auto-zero sig- 
nal to the input signal, resulting in slightly higher idle 
channel noise (approximately 2dB) than when the 
external loop is not used. Consequently, where the 
application permits, it is recommended that the ex- 
ternal auto zero loop not be used. When not used, 
the AUTO pin should float. 


The circuit interface with auto zero drawing shows a 
possible connection between the VFx and AUTO 
leads with the recommended values of Cl = 0.3 J.l.F, 
Rl = 150 KO, R2 = 330 KO, and R3 = 470 KO. 


Filters Interface 


The filters may be interfaced as shown in the circuit 
interface diagrams. Note that 
the output 
pulse 
stream.is of the non-return-to-zero type and hence 
requires the (sin x)/x 
correction provided by the 
2912A filter. 


Ox Buffering 


For higher drive capability or increased system reli-· 
ability it may be desirable that the Dx output of a 
group of Codecs be buffered from the system PCM 
bus with an external three-state or open collector 
buffers. A buffer can be enabled with the appropriate 
Codec generated TSx signal or signals. TSx signal 
may also be used to activate external zero code sup- 
pression logic, since the occurrence of an active 
state of any TSx implies the existence of PCM voice 
bits (as opposed to transparent data bits) on the 
bus. 


r--- 


VFx I 
I 
I 


,------. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~~~TER 
__ 
-.J 


IL 
_ 


~--"oNI,._-~ 
AUTO 
R, 


470 
KO 
I 
I 
I 
VF. I 
-=- 
GRDA 


006785-12 


Figure 12. Circuit Interface-with 
External Auto Zero 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 
Temperature 
Under Bias 
-1 ooe to + 800e 


Storage Temperature 
- 65°e to + 150 
0e 


All Input or Output 
Voltages 
with 
Respect 
to Vss 
-O.3V 
to + 20V 
vcc VDD GRDD, and GRDA with 
Respect 
to Vss 
- O.3V to + 20V 


Power Dissipation 
1.35W 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


D.C. CHARACTERISTICS 
TA=ooe 
to 
- ro-c, VDD= 
+12V 
±5%, 
vcc= +5V 
±5%, 
Vss= 
-5V 
±5%, 
GRDA=OV, 
GRDD=OV, 


unless otherwise 
specified 


DIGITAL 
INTERFACE 


Symbol 
Parameter 
Limits 
Units 
Test Conditions 
Mln 
Typ(1) 
Max 


III 
Low Level Input Current 
10 
/LA 
VIN < Vll 


IIH 
High Level.Input Current 
10 
/LA 
VIN > VIH 


Vll 
Input Low Voltage 
0.6 
V 


VIH 
Input High Voltage 
2.0 
V 


VOl 
Output Low Voltage 
0.4 
V 
Dx. 10l = 4.0 mA 
SIGR.10l = 0.5 mA 
fgx, 10l = 3.2 mA. Open Drain 
PDN. 10l = 1.6 mA. Open Drain 


VOH 
Output High Voltage 
2.4 
V 
Dx.IOH = 15 mA 
SIGR 10H= 0.08 mA 


ANALOG 
INTERFACE 


Symbol 
Parameter 
Limits 
Units 
Test Conditions 
Mln 
Typ(1) 
Max 


ZAI 
Input Impedance when 
125 
300 
500 
0 
in Series with CAPx to GRDA. 


Sampling. VFx 
-3.1V < VIN < 3.1V 


ZAO 
Small Signal Output 
100 
180 
300 
0 
-3.1V < VOUT< 3.1V 
Impedance. VFR 


VOR 
Output Offset Voltage at VFR 
±50 
mV 
all "I s" code sent to DR 


VIX 
Input Offset Voltage at VFx 
±5 
mV 
VFx Voltage Required to 
Produce all "I s••Code at Dx 


VOl 
Output Low Voltage at AUTO 
VBB 
(VBB+2) 
V 
400 KO to GRDA 


VOH 
Output High Voltage at AUTO 
(Vcc-2) 
Vcc 
V 
400 KO to GRDA 


POWER 
DISSIPATION 


Symbol 
Parameter 
Limits 
Units 
Test Conditions 
Mln 
Typ(1) 
Max 


1000 
Standby Current 
0.7 
1.1 
mA 
Auto Output = Open Clock 


ICCO 
Standby Current 
4 
7.0 
mA 
Frequency = 2.048 MHz 


IBBO 
Standby Current 
1 
2.5 
mA 


1001 
Operating Current 
11 
16 
mA 


ICCI 
Operating Current 
13 
21 
mA 


IBBI 
Operating Current 
4 
6.0 
mA 


NOTE: 
1. Typical values are for TA = 25°C and nominal power supply values. 
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A.C. CHARACTERISTICS 
TA=O·C to +70·C, 
voo= 
+12V 
t±5%, vcc= +5V 
±5%, 
VBB= -5V 
±5%, 
GRDA=OV, 
GRDD=OV, 
unless otherwise specified 


TRANSMISSION 


Symbol 
Parameter 
Limits 
Unit 
Test 
Conditions 
Mln 
Typ(l) 
Max 


S/O 
Signal/Tone 
Distortion 
Ratio, 
VFx = 1.02 KHz, Sinusoid 
C-Message 
Weighted 
36 
dB 
-30 
dBmO ,,; VFx 
,,; 0 dBmO 


Half Channel 
30 
dB 
-40 
dBmO ,,; VFx < -30 
dBmO 


(See Figure 1) 
27 
dB 
-45 
dBmO ,,; VFx < -40 
dBmO 


aG 
VFx = 1.02 KHz, Sinusoid 
Gain Tracking 
Deviation 
±0.25 
±0.30 
dB 
-37 
dBmO ,,; VFx ,,; +3 
dBmO 
Half Channel(2) 
±0.60 
±0.70 
dB 
- 50 dBmO ,,; VFx < - 37 dBmO 


Reference 
Level 0 dBmO 
±1.5 
±1.8 
dB 
- 55 dBmO ,,; VFx < - 50 dBmO 


aGv 
aG Variation 
with Supplies 
±0.0002 
±0.0004 
dB/mY 
-37dBmO"; 
VFx"; 
+3dBmO 
Half Channel 
±0.OO04 
±0.0008 
dB/mY 
-50 
dBmO ,,; VFx < -37 
dBmO 


aGT 
aG Variation 
with Temperature 
±0.001 
±0.002 
dBrC 
-37 
dBmO ,,; VFx 
,,; +3 
dBmO 


Half Channel 
±0.002 
±0.005 
dBrC 
-50 
dBmO"; 
VFx < -37 
dBmO 


NICl 
Idle Channel 
Noise, C-Message 
2 
7 
dBrncO 
No Signaling(3) 
Weighted 


NIC2 
Idle Channel 
Noise, C-Message 
10 
13 
dBrncO 
with 6th and 12th Frame 
Weighted 
Signaling(3) 


NIC3 
Idle Channel 
Noise, C-Message 
14 
18 
dBrncO 
with 1 KHz Sign Bit Toggle 
Weighted 


HD 
Harmonic 
Distortion 
(2nd or 3rd) 
-48 
-44 
dB 
VFx = 1.02 KHz, 0 dBmO; 
Measured 
at Decoder 
Output VFR 


IMD 
Intermodulation 
Distortion 
4-Tone 
Stimulus 
in Accordance 
2nd Order 
-45 
dB 
with BSTR PUB 41009 
3rd Order 
-55 
dB 


NOTES: 
1. Typical 
values 
are for TA = 25°C and nominal 
supply values. 
2. Measured 
in one direction, 
either decoder 
or encoder 
and an ideal device, 
at 23°C, nominal 
supplies. 


3. If the external 
auto-zero 
is used NIC1 has a typical 
value 
of 8 dBrncO and NIC2 has a typical 
value of 13 dBrncO. 
4. DR of Device 
Under Test 
(D.U.T.) driven with repetitive 
digital word sequence 
specified 
in CCITT recommendation 
G.711. 


Measurement 
made at VFR output. 


5. With the D.C. method 
the positive 
and negative 
clipping 
levels are measured 
and AIR is calculated. 
With the A.C. method 
a sinusoidal 
input signal to VFx is used where AIR is measured 
directly . 
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Figure 13. Signal/Total 
Distortion Ratio 
(Half-Channel) 
Figure 14.Gain Tracking Deviation (~G) 
(Half-Channel) 
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A.C. CHARACTERISTICS 
TA=O°C 
to 
+70°C, 
voo= 
+12V 
±5%, 
vcc 
unless otherwise 
specified 
(Continued) 
+5V 
±5%, 
VBB= 
-5V 
±5%, 
GRDA=OV, 
GRDD=OV, 


GAIN AND DYNAMIC 
RANGE 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Min 
Typ(1) 
Max 


DmW 
Digital Milliwatt 
Response 
5.53 
5.63 
5.73 
dBm 
23°C, Nominal Supplies(4) 


DmWi 
DmWo Variation with 
-0.001 
-0.002 
dBrC 
Relative to 23°C(4) 


Temperature 
, 


DmWs 
DmWo Variation with 
±0.07 
dB 
Supplies 
±5%(4) 


Supplies 


AIR 
Input Dynamic Range 
2.17 
2.20 
2.23 
VRMS 
Using D.C. and A. C. Tests(5) 


23°C, Nominal Supplies 


AIRT 
Input Dynamic Range with 
-0.5 
mVRMSrC 
Relative to 23°C 
Temperature 


AIRS 
Input Dynamic 
Range with 
±18 
mVRMS 
Supplies 
± 5% 
Supplies 


AOR 
Output Dynamic 
Range, VFR 
2.13 
2.16 
2.19 
VRMS 
23°C, Nominal Supplies 


AORT 
AOR Variation with 
-0.5 
mVRMSrC 
Relative to 23°C 
Temperature 


AORS 
AOR Variation with Supplies 
±18 
mVRMS 
Supplies 
±5% 


SUPPLY 
REJECTION 
AND CROSSTALK 
.. 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ(1) 
Max 


PSRR1 
Voo Power Supply Rejection 
Ratio 
45 
dB 
Decoder 
Alone(2) 


PSRR2 
VBB Power Supply Rejection 
Ratio 
35 
dB 
Decoder 
Alone(2) 


PSRR3 
vcc Power Supply Rejection 
Ratio 
50 
dB 
Decoder 
Alone(2) 


PSRR4 
Voo Power Supply Rejection 
Ratio 
50 
dB 
Encoder Alone(3) 


PSRR5 
VBB Power Supply Rejection 
Ratio 
45 
dB 
Encoder Alone(3) 


PSRR6 
vcc Power Supply Rejection 
Ratio 
50 
dB 
Encoder Alone(3) 


CTR 
Crosstalk 
Isolation, 
Receive Side 
75 
80 
dB 
(Note 4) 


CTT 
Crosstalk 
Isolation, Transmit 
Side 
75 
80 
dB 
(Note 5) 


CAPX 
Input Sample and Hold Capacitor 
1600 
200 
2400 
pF 


NOTES: 
1. Typical values are for TA = 25°C and nominal power supply values. 
2. O.U.T. decoder; impose 200 mVp.p. 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in 
idle channel conditions. 
3. O.U.T. encoder; impose 200 mVp.p, 1.02 KHz on appropriate supply; measurement made at encoder output; encoder in 
idle channel conditions. 
4. VFx of O.U.T. encoder = 1.02 KHz, 0 dBmO.Decoder under quiet channel conditions; measurement made at decoder 
output. 
5. VFx = 0 Vrms. Decoder = 1.02 KHz, 0 dBmO.Encoder under quiet channel conditions; measurement made at encoder 
output. 
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A.C. CHARACTERISTIC-TIMING 
SPECIFICATION(1) 
TA=O·Cto 
+70·C, 
voo= 
+12V 
±5%, vcc= +5V 
±5%, 
vsa= 
-5V 
±5%, 
GRDA=OV, 
GRDD=OV, 


unless otherwise 
specified 


CLOCK 
SECTION 


Symbol 
Parameter 
Limits 
Units 
Comments 
Min 
Max 


tcy 
Clock Period 
485 
ns 
CLKx, CLKR (2.048 MHz Systems), 
CLKc 


tr, tf 
Clock Rise and Fall Time 
0 
30 
ns 
CLKx, CLKR, CLKc 


tCLK 
Clock Pulse Width 
215 
ns 
CLKx, CLKR, CLKc 


tcoc 
Clock Duty Cycle (tCLK 7 tCY) 
45 
55 
% 
CLKx, CLKR 
I 


TRANSMIT 
SECTION 


Symbol 
Parameter 
Limits 
Units 
Comments 
Min 
Max 


tVFX 
Analog Input Conversion 
20 
Timeslot 
from Leading Edge of Transmit 
Timeslot 
(2) 


tozx 
Data Enabled on TS Entry 
50 
180 
ns 
0< 
CLOAO < 100 pF 


tOHX 
Data Hold Time 
80 
230 
ns 
o < CLOAO < 100 pF 
I . 


tHZX 
Data Float on TS Exit 
75 
245 
ns 
CLOAO = 0 


tSON 
Timeslot 
X to Enable 
30 
220 
ns 
o < CLOAO < 100pF 


tSOFF 
Timeslot 
X to Disable 
70 
225 
ns 
CLOAO = 0 


tss 
Signal Setup Time 
0 
ns 
Relative to Bit 7 Falling Edge 


tSH 
Signal Hold Time 
100 
ns 
Relative to Bit 8 Falling Edge 


tFSO 
Frame Sync Delay 
15 
150 
ns 


RECEIVE 
AND CONTROL 
SECTIONS 


Symbol 
Parameter 
Limits 
Units 
Comments 
Mln 
Max 


tVFR 
Analog Output Update 
91j16 
91,1,6 
Timeslot 
from Leading Edge of the Channel Timeslot 


tOSR 
Receive Data Setup 
20 
ns 


tOHR 
Receive Data Hold 
60 
ns 


tSIGR 
SIGR Update 
1 
p..s 
from Trailing Edge of the Channel Timeslot 


tFso 
Frame Sync Delay 
15 
150 
ns 


tosc 
Control Data Setup 
115 
ns 
Microcomputer 
Mode Only 


tOHC 
Control Data Hold 
115 
ns 
Microcomputer 
Mode Only 


NOTES: 
1. All timing parameters referenced to 1.5V, except tHZXand tSOFFwhich reference to high impedance state. 
2. The 20 timeslot minimum insures that the complete AlO conversion will take place under any combination of receive 
interrupt or asynchronous operation of the Codec. If the transmit channel only is operated, the AlO conversion can be 
completed in a minimum of 11 timeslots. Refer to the Codec Control General Requirement section for instructions on setting 
a channel in an idle condition. 
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TIMING 
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2911A-1 
PCM CODEC-A 
LAW 
a-BIT COMPANDED AID AND 01A CONVERTER 


• 
66 dB Dynamic Range, with Resolution 
Equivalent to 11-Bit Linear Conversion 
Around Zero 


• 
Precision On-Chip Voltage Reference 


• 
Low Power Consumption 
230 mW.Typ. 


Standby Power 33 mW !yp. 


• 
Fabricated with Reliable N-Channel 
MOS Process 


• 
Per Channel, Single Chip Codec 


• 
CCITT G711 and G732 Compatible, 
Even Order Bits Inversion Included 


• 
Microcomputer 
Interface with On-Chip 
Time-Slot Computation 


• 
Simple Direct Mode Interface When 
Fixed Timeslots Are Used 
• 
±5% Power Supplies: + 12V, + 5V, - 5V 


The Intel 2911 A is a fully integrated 
PCM (Pulse Code Modulation) 
Codec 
(Coder-Decoder), 
fabricated 
with 


N-channel 
silicon 
gate technology. 
The high density 
of integration 
allows 
the sample 
and hold circuits, 
the 
digital-to-analog 
converter, 
the comparator 
and the successive 
approximation 
register 
to be integrated 
on the 
same chip, along with the logic necessary 
to interface 
a full duplex 
PCM link. 


The primary 
applications 
are in telephone 
systems: 


• 
Transmission 
- 
30/32 
Channel 
Systems 
at 2.048 Mbps 
• 
Switching 
- 
Digital PBX's and Central 
Office Switching 
Systems 
• 
Concentration 
- 
Subscriber 
Carrier/Concentrators 


The wide dynamic 
range of the 2911 A (66 dB) and the minimal 
conversion 
time (80 ,...S minimum) 
make it an 
ideal product 
for other applications, 
like: 


• 
Data Acquisition 
• 
Secure 
Communications 
Systems 
• 
Telemetry 
• 
Signal Processing 
Systems 


CAP1. 
1 


CAP2x 
2 


••• 
V•• 


AUTO 
'.. 
0•••• 
CUt. 


VDO 
••• 
Do 
CUt. 
,•.. 
Vcc 


V'. 
fii 


MC 
a- 


MC " 


270158-1 
Figure 
1. Pin 
Configuration 


CAP 1x. CAP 2x 
Holding Capacitor 


VFx 
Analog Input 


VFR 
Analog Output 


DR. Dc 
Digital Input 


Dx. 'fSx 
Digital Output 


ClKc. 
ClKx. 
ClKR 
Clock Input 


FSx.F~ 
Frame Sync Input 


AUTO 
Auto Zero Output 


Yaa 
Power (-SV) 


vcc 
Power (+SV) 


Voo 
Power (+ 12V) 


PDN 
Power Down 


GRDA 
Analog Ground 


GRDD 
Digital Ground 


Ne 
No Connect 


Figure 
2. Pin Names 


TRANSMIT 
SECTION 
AID 
o 
VF~ -4--~ 
r------"1-~!--- Ts,. @ 
o AUTO 
SAM:LEf-----I 
SUCCESSIVE 
0,. 
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CD CAP 1x 
HOLD 
APPROXIMATION 
elK)!: ~ 


0CAP2x_-+ 
__ 
~ 
REGISTER 
F5 


x 
~ 


,...L-,_-I-_oc 
® 


1-~_CL"c@ 


L-r-..J-t-- 
PON 
@ 


RECEIVE 
SECTION 


OIA 


OPlNNlMlER 
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3. Block 
Diagram 
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PIN DESCRIPTION 


Pin No 
Symbol 
Function 
Description 


1 
CAP1x 
Hold 
Connections 
for the transmit 
holding capacitor. 
Refer to 
Applications 
section. 
, 


2 
CAP2x 


3 
VFx 
Input 
Analog input to be encoded 
into a PCM word. The signal on 
this lead is sampled 
at the same rate as the transmit 
frame 


, 
synchronization 
pulse FSx. and the sample value is held in the 
external 
capacitor 
connected 
to the CAP1 x and CAP2x leads 
until the encoding 
process 
is completed. 


4 
AUTO 
Output 
Most significant 
bit of the encoded 
PCM word (+ 5V for 
negative. 
- 5V for positive values). 
Refer to the Codec 
Applications 
section. 


5 
GRDA 
Ground 
Analog return common 
to the transmit 
and receive analog 
circuits. Not connected 
to GRDD internally. 


6 
VDD 
Power 
+ 12V ±5%; 
referenced 
to GRDA. 


7 
DR 
Input 
Receive 
PCM highway (serial bus) interface. 
The Codec 
serially receives 
a PCM word (8 bits) through 
this lead at the 
proper time defined 
by FSR. CLKR. Dc. and CLKe. 


8 
PDN 
Output 
Active high when the Codec is in the power down state. Open 
drain output. 


9 
VFR 
Output 
Analog Output. The voltage 
present on VFR is the decoded 
value of the PCM word received 
on lead DR. This value is held 
constant 
between 
two conversions. 


10 
NC 
No 
Recommended 
practice 
is to strap these NC's to GRDA. 


11 
NC 
Connects 


12 
GRDD 
Ground 
Ground return common 
to the logic power supply; vcc. 


13 
Dx 
Output 
Output of the transmit 
side onto the send PCM highway (serial 
bus). The 8-bit PCM word is serially sent out on this pin at the 
proper time defined 
by FSx. CLKx. Dc. and CLKe. TTL three- 
state output. 


14 
TSx 
Output 
Normally 
high. this signal goes low while the Codec is 
transmitting 
an 8-bit PCM word on the Dx lead. (Times lot 
information 
used for diagnostic 
purposes 
and also to gate the 
data on the Dx lead.) Open drain output. 


15 
Vee 
Power 
+ 5V ± 5%. referenced 
to GRDD. 


16 
CLKR 
Input 
Master receive clock defining the bit rate on the receive PCM 
highway. Typically 
2.048 Mbps for a carrier system. 
Maximum 
rate 2.1 Mbps. 50% duty cycle. TTL compatible. 


17 
FSR 
Input 
Frame synchronization 
pulse for the receive PCM highway. 


Resets the on-chip timeslot 
counter for the receive side. 
Maximum 
repetition 
rate 12 KHz. TTL interface. 


18 
CLKx 
Input 
Master transmit 
clock defining the bit rate on the transmit 
PCM highway. Typically 
2.048 Mbps for a carrier system. 
Maximum 
rate 2.1 Mbps. 50% duty cycle. TTL interface. 


19 
FSx 
Input 
Frame synchronization 
pulse for the transmit 
PCM highway. 
Resets the on-chip timeslot 
counter for the transmit 
side. 


Maximum 
repetition 
rate 12 KHz. TTL interface. 


20 
VBB 
Power 
- 5V ± 5%. referenced 
to GRDA. 


21 
Dc 
Input 
Data input to program the Codec for the chosen 
mode of 
operation. 
Becomes 
an active low chip select when CLKe is 
tied to vcc. TTL interface. 


22 
CLKc 
Input 
Clock input to clock in the data on the Dc lead when the 
timeslot 
assignment 
feature is used; tied to vcc to disable this 
feature. TTL interface. 


5-20 


intJ 
2911A·1 


FUNCTIONAL 
DESCRIPTION 
CODEC OPERATION 


The 2911 A PCM Codec provides 
the analog-to-digi- 
tal and the digital-to-analog 
conversions 
necessary 
to interface 
a full duplex 
(4 wires) voice 
telephone 
circuit with the PCM highways 
of a time division mul- 
tiplexed 
(TOM) system. The Codec is intended 
to be 
used on line and trunk terminations. 


In a typical 
telephone 
system 
the Codec 
is located 
between 
the PCM highways 
and the channel 
filters. 


The Codec 
encodes 
the incoming 
analog 
signal at 
the frame rate (FSx) into an 8-bit PCM word which is 
sent out on the Ox lead at the proper time. Similarly, 
on the receive 
link, the Codec fetches 
an 8-bit PCM 
word 
from 
the 
receive 
highway 
(OR lead) and de- 
codes an analog value which will remain constant 
on 
lead VFR until the next receive frame. Transmit 
and 
receive frames 
are independent. 
They can be asyn- 
chronous 
(transmission) 
or synchronous 
(switching) 
with each other. 


Circuitry 
is provided 
within 
the Codec 
to internally 
define 
the transmit 
and receive 
timeslots. 
In small 
systems this may eliminate 
the need for any external 
timeslot 
exchange: 
in large systems 
it provides 
one 
level of concentration. 
This feature can be bypassed 
and discrete 
timeslots 
sent to each Codec 
within 
a 
system. 


In the power-down 
mode, most functions 
of the Co- 


dec are directly disabled 
to reduce power dissipation 
to a minimum. 


Codec Control 


The 
operation 
of the 
2911A 
is defined 
by serially 
loading an 8-bit word through the Dc lead (data) and 
the CLKc 
lead (clock). 
The loading 
is synchronous 
with the other 
operations 
of the Codec, 
and takes 
place whenever 
transitions 
occur on the CLKc 
lead. 


The Dc input is loaded 
in during the trailing 
edge of 
the CLKc input. 


1 
B'~M'OLEOC,B:"I_B_IT_'_B'_' 
_. :~':Nx~':· BIT 1 
BITi 
I 
I 
TIMESlOT:n.,~ 
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The control 
word contains 
two fields: 


Bit 1 and Bit 2 define whether 
the subsequent 
6 bits 
apply to both the transmit 
and receive 
side (OD), the 
transmit 
side only (01), the receive 
side only (10), or 
whether 
the Codec should go into the stand by, pow- 
er-down 
mode (11). In the last case (11), the follow- 
ing 6 bits are irrelevant. 


,..f===;l 
TELEPHONE 
SET 
r---------------------- 
I 
PABX I c.o. SWITCHING 
SYSTEM 
I CHANNEL 
BANK 
TRANSMISSION 
I 
HIGHWAYS 
I 
I 
II 
SUPERVISION 
I 
PROTECTION 
I 


CONTROL 
HIGHWAYS 


OFF·HOOK 
I ROTARY 
DIAL 
PULSES 


BATTERY 
FEED 
II 
RINGING 
I 
IL 
_ 
270158-3 


Figure 4. Typical 
Line Termination 
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The last 6 bits of the control word define the timeslot 
assignment, from 000000 (timeslot 1) to 111111 
(timeslot 64). Bit 3 is the most significant bit and bit 8 
the least significant bit and last into the Codec. 


Bit 1 Bit2 
Mode 


0 
0 
X&R 
0 
1 
X 
1 
0 
R 
1 
1 
Standby 


Bit 
Time-Slot 
3 
4 
5 
6 
7 
8 


0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
2 
• 
• 
• 
• 
• 
• 
• 
• 
1 
1 
1 
1 
1 
1 
64 


The Codec will retain the control word (or words) 
until a new word is loaded in or until power is lost. 
This feature permits dynamic allocation of timeslots 
for switching applications. 


Microcomputer 
Control Mode 


In the microcomputer mode, each Codec performs 
its own timeslot computation independently for the 
transmit and receive channels by counting clock 
pulses (CLKx and CLKR). All Codecs tied to the 
same data bus receive identical framing pulses (FSx 
and FSR). The framing pulses reset the on-chip 
timeslot counters every frame; hence the timeslot 
counters of all devices are synchronized. Each Co- 
dec is programmed via CLKc and Dc for the desired 
transmit and receive timeslots according to the de- 
scription in the Codec Control Section. All Codecs 
tied to the same DRbus will, in general, have differ- 
ent receive timeslots, although that is not a device 
requirement. There may be separate busses for 
transmit and receive or all Codecs may transmit and 
receive over the same bus, in which case the trans- 
mit and receive channels must be synchronous 
(CLKx = CLKR).There are no other restrictions on 
timeslot assignments; a device may have the same 
transmit and receive timeslot even if a single bus is 
used. 


There 
are 
several 
requirements for 
using the 
CLKc-Dc 
interface in the microcomputer mode. 
1. A complete timeslot assignment, consisting of 
eight negative transitions of CLKc, must be made 
in less than one frame period. The assignment 


can overlap a framing pulse so long as all 8 con- 
trol bits are clocked in within a total span of 
125 J.l-s(for an 8 KHz frame rate). CLKc must be 
left at a TIL low level when not assigning a time- 
slot. 
' 


2. A dead period of two frames must always be ob- 


served 
between 
successive 
timeslot 
assign- 
ments. The two frame delay is measured from the 
rising edge of the first CLKCtransition of the pre- 
vious timeslot assigned. 


3. When the device is in the power-down state 
(Standby), the 
following 
three-step 
sequence 
must be followed to power-up the codec to avoid 
contention on the transmit PCM highway. 
a. Assign a dummy transmit timeslot. The dummy 
should be at least two timeslots greater than 
the maximum valid system (usually 24 or 32). 
For example, in a 24 timeslot system, the dum- 
my could be any timeslot between 26 and 64. 
This will power-up the transmit side, but pre- 
vent any spurious Dx or TSx outputs. 
b. Two frames later, assign the desired transmit 
timeslot. 


c. Two frames later assign the desired receive 
timeslot. 


4. Initialization sequence: The device contains an 
on-chip power-on clear function which guarantees 
that with proper sequencing of the supplies (VCC 
or VDDon last), the device will initialize with no 
timeslot assigned to either the transmit or receive 
channel. After a supply failure or whenever the 
supplies are applied, it is recommended that ei- 
ther power down assignment be made first, or the 
first timeslot assignment be a transmit time- 
slot or a transmit/receive timeslot. The conse- 
quence of making a receive timeslot assignment 
first, after supply application, is that the transmit 
channel will assume timeslot 1, potentially pro- 
ducing bus contention. 


5. Transmit only/receive only operation is permitted 
provided that a power down assignment is made 
first. Otherwise, special circuits which use only 
one channel should be physically disconnected 
from the unused bus; this allows a timeslot to be 
made to 
an unused channel without conse- 
quence. 


6. Both frame synchronizing pulses (FSx, FSR)must 
be active at all times after power on clear (after 
power supplies are turned on). This requirement 
must be met during powerdown and receive only 
or transmit only operation, as well as during nor- 
mal transmit and receive operation. 


Example of Microcomputer Control Mode: 


The two words 01000001 and 10000010 have been 
loaded into the Codec. The transmit side is now pro- 
grammed for timeslot 2 and the receive side for 


5-22 


inter 
2911A-1 


timeslot 
3. The Codec will output a PCM word on the transmit 
PCM highway (bus) during the timeslot 
2 of the 
transmit 
frame, and will fetch a PCM word from the receive 
PCM highway during timeslot 
3. 
r 
SEPARATED 
BV 
AT 
LEAST 
TWO 
FRAMES1 
~~ 
~LKc 
: 
I 
~~: 
Dc 
: 
: 
: 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
01000001 
r' 
I. 
10000010 
" 
I 
I 
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Figure 5. Microcomputer 
Mode Programming 
Examples 


In this example 
the Codec interface 
to the PCM highway then functions 
as shown below. 
(FSx and FSR may 
be asynchronous.) 
- 


FSx IN 


CLK. IN 


0" 
OUT 
fS; OUT 


Fs" 
IN 


0" 
IN 
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Direct Control Mode 


Figure 6. Microcomputer 
Mode PCM Highway 
Example 


The direct 
mode of operation 
will be selected 
when 
the CL Kc pin is strapped 
to the + 5V supply 
(Vcd. 
In this mode, the Dc pin is an active low chip select. 
In other words, when Dc is low, the device transmits 
and receives 
in the timeslots 
which follow the appro- 
priate framing 
pulses. With Dc high the device 
is in 
the power down state. Even though CLKc character- 
istics are simpler for the 2911A it will operate proper- 
ly when plugged 
into a 2911 board. 


Deactivation 
of a channel 
by removal 
of the appro- 
priate framing 
pulse (FSx or FSR) is not permitted. 


Specifically, 
framing 
pulses 
must 
be applied 
for a 
minimum of two frames after a change in state of Dc 
in order for the Dc change to be internally 
sensed. In 
particular, 
when entering 
standby in the direct mode, 
framing 
pulses 
must 
be applied 
as usual 
for two 
frames 
after Dc is brought 
high. 


The Codec will enter direct mode within three frame 
times 
(375 /Jos)as measured 
from the time the de- 
vice power supplies settle to within the specified 
lim- 
its. This assumes 
that CLKc 
is tied to vcc and that 
all clocks are available 
at the time the supplies 
have 
settled. 


General Control Requirements 


All bit and frame clocks should be applied whenever 
the device is active. In particular, 
an unused channel 
cannot 
be deactivated 
by removal 
of its associated 
frame 
or bit clock 
while 
the 
other 
channel 
of the 
same device 
remains 
active. 


A single 
channel 
cannot 
be deactivated 
except 
by 
physical 
disconnection 
of the data lead (Dx or DR) 
from the system 
data bus. A device 
(both 
transmit 
and receive 
channels) 
may be deactivated 
in either 


control 
mode 
by powering 
down 
the 
device. 
Both 
channels 
are always powered 
down together. 
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Encoding 


The VF signal to be encoded is input on the VFx 
lead. An internal switch samples the signal and the 
hold function is performed by the external capacitor 
connected to the CAP1x and CAP2x leads. The 


sampling and conversion is synchronized with the 
transmit timeslot. The PCM word is then output on 
the Dx lead at the proper timeslot occurrence of the 
following frame. The AID converter saturates at ap- 
proximately ± 2.2V RMS (± 3.1V peak). 


f-ol '~---."'ClX.-----..j 
",~L__ 
~(=U~C~~=L~.=~~M~I~~~~IL-_~~ 
__ 
-=~~_~_JL. 
_ 
-r.E 
IILOTao -I f-- 
a. 
·····0······· 
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Figure 7. Transmit 
Encoding 


Decoding 


The PCM word is fetched by the DR lead from the 
PCM highway at the proper timeslot occurrence. The 
decoded value is held on an internal sample and 
hold capacitor. The buffered non-return to zero out- 
put signal on the VFR lead has a dynamic range of 
±2.2V RMS (± 3.1 volts peak). 


Standby Mode-Power 
Down 


To minimize power consumption and heat dissipa- 
tion a standby mode is provided where all Codec 
functions are disabled except for Dc and CLKc 
leads. These allow the Codec to be reactivated. In 
the microcomputer mode the Codec is placed into 
standby by loading a control word (Dc) with a "1" in 
bits 1 and 2 locations. In the direct mode when Dc is 
brought 'high, the all "1 's" control word is internally 
transferred to the control register, invoking the 
standby condition. 


While in the standby mode, the Dx output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. 


The power consumption in the standby mode is typi- 
cally 33 mW. 


Power-On Clear 


Whether the device is used in the direct or micro- 
computer mode, an internal reset (power-on clear) is 


generated, forcing the device into the power down 
state, when power is supplied by any of the following 
methods. (1) Device power supplies are turned on in 
a system power-up situation where either vcc or 
Voo is applied last. (2) A large supply transient caus- 
es either of the two positive supplies to drop to ap- 
proximately 2V. (3) A board containing Codecs is 
plugged into a "hot" system where vcc or Voo is 
the last contact made. It may be necessary to trim 
back the edge connector pins or fingers on vcc or 
Voo relative to the other supply to guarantee that 
the power-on clear will operate properly when a 
board is plugged into a "hot" system. Furthermore, 
the Codec will inhibit activity on TSx and Dx during 
the application of power supplies. 


The device is also tolerant of transients in the nega- 
tive supply (VBB)so long as VBBremains more neg- 
ative than -3.5V. VBBtransients which exceed this 
level should be detected and followed by a system 
reinitialization. 


Precision Voltage Reference 
for the 
01 A Converter 


The voltage reference is generated on the chip and 
is calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devic- 
es to derive a temperature stable and bias stable 
reference voltage. 
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A gain setting op amp, programmed 
during manufac- 
turing, 
"trims" 
the reference 
voltage 
source 
to the 
final 
precision 
voltage 
reference 
value 
provided 
to 
the D/ A converter. 
The precision 
voltage 
reference 
determines 
the initial gain and dynamic 
range char- 
acteristics 
described 
in the A.G. Transmission 
Speci- 
fication 
section. 


CONVERSION 
LAW 


The conversion 
law is commonly 
referred to as the A 
Law. 


F(x) = Sgn(x) 
[1 
+ 
10glO (AIXI)], 
1/ A ,;: Ixl ,;: 1 
1+log10A 


F(x) = Sgn(x) 
[1 
+ ~~~lOA]. 
0,;: Ixl ,;; 1/A 


where: 
x = the input signal 


Sgn(x) = sign of the input signal 


A = 87.6 (defined 
by CCITT) 


The Godec 
provides 
a piecewise 
linear 
approxima- 
tion 
of the 
logarithmic 
law through 
13 segments. 
Each segment 
is made of 16 steps with the excep- 
tion of the first segment, 
which has 32 steps. In adja- 
cent segments 
the step sizes are in a ratio of two to 
one. Within each segment, 
the step size is constant. 


The 
output 
levels 
are midway 
between 
the 
corre- 
sponding 
decision 
levels. 
The 
output 
levels 
Yn are 
related 
to the input levels xn by the expression: 


Xn-1 
+ Xn 
Yn = 
2 
,0 
< n ,;: 128 


VFR 
-----_ ..._-------------------------- 


VFx 
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Figure 10. Codec Transfer 
Characteristic 
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97 
1088 
I 
I 


11100000 
1056 
97 
1024 
96 
1024 
I 
I 


I 
I 
I 
I 


5 
16x32 
I 
I 
(Nole2) 
I 
I 


I 
I 
I 
I 


I 
I 
I 
I 
81 
544 
I 
I 
11010000 
528 
81 
512 
80 
512 
I 
I 
I 
I 
I 
I 


4 
16x 16 
I 
I 
(Note 2) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
65 
272 
I 
I 
11000000 
264 
65 
256 
64 
256 
I 
I 


I 
I 
I 
I 


3 
16x8 
I 
I 
(Note 2) 
I 
I 


I 
I 
I 
I 


I 
I 
I 
I 
49 
136 
I 
I 


10110000 
132 
49 


128 
48 
128 
I 
I 
I 
I 
I 
I 


2 
16x4 
I 
I 
(Note 2) 
I 
I 


I 
I 
I 
I 


I 
I 
I 
I 
33 
68 
I 
I 
10100000 
66 
33 
64 
32 
64 
I 
I 
I 
I 
I 
I 


1 
32x2 
I 
I 
(Note 2) 
I 
I 
, 
I 
I 
I 
I 


I 
I 
I 
I 
1 
2 
I 
I 


10000000 
1 
1 


0 
0 


NOTES: 
1. 4096 normalized value units correspond to the value of the on-chip voltage reference. 
2. The PCM word corresponding to positive input values between two successive decision values numbered nand n + 1 
(see column 4) is (128 + n) expressed as a binary number. 


3. X128 is a virtual decision value. 
4. The PCM word on the highways is the same as the one shown in column 6, with the even order bits inverted. The 2911A 
provides for the inversion of the even order bits on both the send and receive sections. 
5. The voltage output on the VFR lead is equal to the normalized value given in the table, augmented by an offset. The 
offset value i,sapproximately 15 mY. 
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APPLICATIONS 


Holding Capacitor 


For an 8 KHz sampling 
system 
the transmit 
holding 


capacitor 
CAPx should 
be 2000 pF ±20%. 


r-------------, 
L--_I •.•. 
--"VF.:.,+--> 
~ 
CODEC 
~ CAPtx 


I 
soOO 
CAP. l 
AI 
2000pF 


150 KO : 
I 


GAD ••. 
: 
I 
I 
I 


VFR 
I 
DECODER 
FILTER 
, 
I 


, 
2 mY OFFSET 
I 


L_~RD~--------- 
J 
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Figure 11.Circuit Interface-Without 
External Auto Zero 


Filters Interface 


The filters may be interfaced 
as shown 
in the circuit 


interface 
diagrams. 
Note 
that 
the 
output 
pulse 


stream 
is of the non-return-to-zero 
type and hence 


requires 
the 
(sin 
x)/x 
correction 
provided 
by the 


2912A 
filter. 


Ox Buffering 


For higher drive capability 
or increased 
system 
reli- 


ability 
it may be desirable 
that 
the 
Dx output 
of a 


group of Codecs 
be buffered 
from the system 
PCM 


bus with 
an external 
three-state 
or open 
collector 


buffers. A buffer can be enabled with the appropriate 
Codec 
generated 
TSx signal 
or signals. 
TSx signal 


may also be used to activate 
external zero code sup- 


pression 
logic, 
since 
the 
occurrence 
of an active 


state of any TSx implies the existence 
of PCM voice 


bits 
(as opposed 
to transparent 
data 
bits) 
on the 


bus. 


r--------, 
I 
I 
I 
I 
I 
I 
r--- 
I 
~ 
Ir_~~-~---~V~F~,I~--- 
I 
c, 
R, 
I 
I 
.3,' 
'50 KO 
I 
I 
I 
I 
I 
I 
I 
I 
~~~~ 
__ .J 


AUTO 
ft, 
470 KO 
I 
I 
I 
VF.I 


-e- GRD" 


IL 
_ 
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Figure 12. Circuit Interface-With 
External Auto Zero 


Auto Zero 


The 2911 A contains 
a transparent 
on-chip 
auto zero 
plus a device 
pin for implementing 
a sign-bit 
driven 


external 
auto zero feedback 
loop. The on-chip 
auto 
zero reduces 
the input offset voltage 
of the encoder 
(VFx) to less than 3 mY. For most telephony 
applica- 
tions, this input offset is perfectly 
acceptable, 
since it 
insures 
the encoder 
is biased 
in the lower 25% 
of 


the first segment. 


Where 
lower 
input 
offset 
is required 
the 
external 
auto zero loop may be used to bias the encoder 
ex- 
actly at the zero crossing 
point. The consequence 
of 
the external 
auto zero loop, aside from extra compo- 
nents, 
is the addition 
of the dithering 
auto-zero 
sig- 
nal to the input signal, resulting 
in slightly higher idle 
channel 
noise 
(approximately 
2 dB) than when 
the 
external 
loop is not used. Consequently, 
where 
the 


application 
permits, 
it is recommended 
that the ex- 
ternal 
auto zero loop not be used. When 
not used, 


the AUTO pin should float. 


The circuit interface 
with external 
auto zero drawing 


shows 
a 
possible 
connection 
between 
VFx 
and 


AUTO 
leads 
with 
the 
recommended 
values 
of 


Cl = 0.3 
fLF, 
Rl = 150 
Kn, 
R2 = 330n, 
and 


R3=470 
xn. 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Temperature 
Under Bias 
-10·C 
to +80·C 


Storage Temperature 
- 65·C to + 150·C 


All Input or Output 
Voltaqes 
with 
Respect to VBB 
-0.3V 
to + 20V 
vcc. Voo. GRDA. and GRDA with Respect 
to VBB 
- 0.3V to + 20V 


Power Dissipation 
1.35W 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
TA = O·Cto 
+70·C. 
Voo = +12V 
±5%. vcc = +5V 
±5%. 
VBB = -5V 
±5%. 
GRDA = OV. GRDD = OV. 
unless otherwise 
specified. 


DIGITAL 
INTERFACE 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ(1) 
Max 


III 
Low Level Input Current 
10 
JJ.A 
VIN < Vu, 


IIH 
High Level Input Current 
10 
JJ.A 
VIN> 
VIH 


Vll 
Input Low Voltage 
0.6 
V 


VIH 
Input High Voltage 
2.2 
V 


VOl 
Output Low Voltage 
0.4 
V 
Ox. IOl = 4.0 mA 
TSx. IOl = 3.2 mA. open drain 
PDN. IOl = 1.6 mA. open drain 


VOH 
Output High Voltage 
2.4 
V 
Dx.IOH = 15 mA 


ANALOG 
INTERFACE 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ(1) 
Max 


ZAI 
Input Impedance 
when 
125 
300 
500 
0 
In series with CAPx to GRDA. 
Sampling. 
VFx 
-3.1V 
< VIN < 3.1V 


ZAO 
Small Signal Output 
100 
180 
300 
0 
-3.1V 
< VOUT < 3.1V 
Impedance. 
VFR 


VOR 
Output Offset Voltage at VFR 
-50 
50 
mV 
Minimum code to OR 


VIX 
Input Offset Voltage at VFx 
-5 
5 
mV 
Minimum positive code 
produced 
at Ox 


VOl 
Output 
Low Voltage at AUTO 
VBB 
(VBB +2) 
V 
400 KO to GRDA 


VOH 
Output High Voltage at AUTO 
(Vee -2) 
Vee 
V 
400 KO to GRDA 
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D.C. CHARACTERISTICS 
TA = O'Cto 
+70'C, 
Voo = + 12V ±5%, vcc = +5V 
±5%, 
VBB = -5V 
±5%, 
GRDA = OV, GRDD = OV, 
unless otherwise 
specified. 
(Continued) 


POWER 
DISSIPATION 
I 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Min 
Typ(1) 
Max 


Standby Current 
0.7 
mA 


.. 


1000 
1.1 


ICCO 
Standby Current 
4.0 
7.0 
mA 


IBBO 
Standby Current 
1.0 
2.5 
mA 
Auto Output = Open 


1001 
Operating 
Current 
11 
16 
mA 
Clock Frequency = 2.048 MHZ 


Iccl 
Operating 
Current 
13 
21 
mA 


IBBI 
Operating 
Current 
4.0 
6.0 
mA 
.. 


NOTE: 
1. Typical 
values 
are for TA' = 25'C and nominal 
power 
supply values. 


A.C. CHARACTERISTICS 
TA = O'Cto 
+70'C, 
Yoo = +12V 
±5%, vcc = +5V 
±5%, 
VBB = -5V 
±5%, 
GRDA = OV, GRDD = OV, 
unless otherwise 
specified. 


TRANSMISSION 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ(1) 
Max 


StD 
Signal to Total Distortion 
Ratio. 
37 
dB 
Signal level 0 dBmO to 
CCITT G.7J2 Method 2 
-30 
dBmO 


(Half Channel) 
31 
dB 
Signal level to - 40 dBmO 


26 
dB 
Signal level to - 45 dBmO 


AG 
2911A 
VFx = 1.02 KHz, sinusoid 
Gain Tracking 
Deviation 
±0.25 
±0.30 
dB 
-40dBmO:s:; 
VFx:S:; +3dBmO 
Half Channel(3) 
±0.60 
±0.70 
dB 
-50 
dBmO :s:;VFx < -40 
dBmO 


Reference 
Level - 10 dBmO 
± 1.5 
±1.8 
dB 
- 55 dBmO :s:;VFx < - 50 dBmO 


AGv 
AG Variation with Supplies 
±0.0002 
±0.0004 
dB/mY 
-40 
dBmO s; VFx:S:; +3 dBmO 


Half Channel 
±0.0004 
±0.0008 
dB/mY 
-50 
dBmO s VFx < -40 
dBmO 


AGT 
AG Variation with 
±0.001 
±0.002 
dB/'C 
-40dBmO:S:; 
VFx:S:; +3dBmO 


Temperature 
Half Channel 
±0.002 
±0.005 
dB/'C 
-50 
dBmO :s:;VFx < -40 
dBmO 


NIC 
Idle Channel 
Noise 
-85 
-78 
dBmOp 
Quiet Code. (Note 2) 


HD 
Harmonic 
Distortion 
-48 
-44 
dB 
VFx = 1.02 KHz, 0 dBmO; 
(2nd or 3rd) 
measured 
at decoder 
output VFR 


Intermodulation 
Distortion 


IMD1 
G.712(7.1) 
-45 
dB 
CCITTG.712 


IMD2 
G.712(7.2) 
-50 
dBmO 
Two Tone Method 
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A.C. CHARACTERISTICS 
TA = O°Cto 
+ 70°C, VDD = + 12V ±5%, vcc = +5V 
±5%, 
VBB = -5V 
±5%, 
GRDA = OV, GRDD = OV, 


unless otherwise 
specified. 
(Continued) 


GAIN AND DYNAMIC 
RANGE 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ(1) 
Max 


DmW 
Digital Miliiwatt 
Response 
5.58 
5.66 
5.78 
dBm 
23°C, nominal supplies(4) 


DmWT 
DmWo Variation 
with 
-0.001 
-0.Q02 
dBrC 
Relative to 23°C(4) 
Temperature 


DmWs 
DmWo Variation 
'±0.07 
dB 
Supplies 
± 5%(4) 
with Supplies 


AIR 
Input Dynamic Range 
2.183 
2.213 
2.243 
VRMS 
Using D.C. and A.C. tests(5) 
23°C, nominal supplies 


AIRT 
Input Dynamic 
Range 
-0.5 
mVRMSrC 
Relative to 23°C 
vs Temperature 


AIRS 
Input Dynamic Range 
±18 
mVRMS 
Supplies 
±5% 
vs Supplies 


AOR 
Output Dynamic Range, 
2.14 
2.17 
2.20 
VRMS 
23°C, Nominal Supplies 
VFR 


AoRT 
AoR Variation with 
-0.5 
mVRMSrC 
Relative to 23°C 
Temperature 


AORS 
AOR Variation with Supplies 
±18 
mVRMS 
Supplies 
±5% 


SUPPLY 
REJECTION 
AND CROSSTALK 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ(1) 
Max 


PSRR1 
VDD Power Supply Rejection 
Ratio 
45 
dB 
decoder 
alone(6) 


PSRR2 
VBB Power Supply Rejection 
Ratio 
35 
dB 
decoder 
alone(6) 


PSRR3 
vcc Power Supply Rejection 
Ratio 
50 
dB 
decoder 
alone(6) 


PSRR4 
VDD Power Supply Rejection 
Ratio 
50 
dB 
encoder 
alone(7) 


PSRR5 
VBB Power Supply Rejection 
Ratio 
45 
dB 
encoder 
alonef/) 


PSRR6 
vcc Power Supply Rejection 
Ratio 
50 
dB 
encoder 
alone(7) 


CTR 
Crosstalk 
Isolation, 
Receive Side 
75 
80 
dB 
(Note 8) 


CTT 
Crosstalk 
Isolation, Transmit 
Side 
75 
80 
dB 
(Note 9) 


CAPX 
Input Sample and Hold Capacitor 
1600 
2000 
2400 
pF 


NOTES: 
1. Typical values are for TA ~ 25°e and nominal power supply values. 
2. If the external auto zero is used NIChas a typical value of - 76 dBmO. 
3. Tested and guaranteed at 23°e, nominal supplies. 
4. DR of Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in eelD 
recommendation G.711. 


Measurement made at VFR output. 
5. With the D.e. method the positive and negative clipping levels are measured and AIR is calculated. With the A.C. method 
a sinusoidal input signal to VFx is used where AIR is measured directly. 
6. D.U.T. decoder; impose 200 mVpp, 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in 
idle channel conditions. 
7. D.U.T. encoder, impose 200 mVpp, 1.02 KHz on appropriate supply; meaurement made at encoder output; encoder in idle 
channel conditions. 
8. VFx of D.U.T encoder = 1.02 KHz, 0 dBmO.Decoder under quiet channel conditions; measurements made at decoder 
output. 
9. VFx = 0 Vrms. Decoder = 1.02 KHz, 0 dBmO.Encoder under quiet channel conditions; measurement made at encoder 
output. 
. 
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Figure 14_Signal to Total Distortion 
Ratio (Half Channel) 
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A.C. CHARACTERISTICS-TIMING 
SPECIFICATION(1) 


TA = O°Cto 
+70·C. 
Voo = +12V 
±5%. vcc = +5V 
±5%. 
Vsa = -5V 
±5%.GRDA 
= OV.GRDD = OV. 


unless otherwise 
specified. 


CLOCK 
SECTION 


Limits 
Symbol 
Parameter 
Unit 
Comments 
Min 
Max 


tcv 
Clock Period 
485 
ns 
CLKx. CLKR (2.048 MHz systems). 
CLKc 


tr• tf 
Clock Rise and Fall Time 
0 
30 
ns 
CLKx.CLKR.CLKc 


tCLK 
Clock Pulse Width 
215 
ns 
CLKx.CLKR.CLKc 


tcoc 
Clock Duty Cycle (tcLK + tcv) 
45 
55 
% 
CLKx. CLKR 


TRANSMIT 
SECTION 
- 
f 


Limits 
Symbol 
Parameter 
Unit 
Comments 
Min 
Max 


tYFX 
Analog Input Conversion 
20 
Timeslot 
From Leading Edge of Transmit 
Timeslot(2) 


tozx 
Data Enabled on TS Entry 
50 
180 
ns 
0< 
CLOAO < 100 pF 


tOHX 
Data Hold Time 
80 
230 
ns 
o < CLOAO < 100 pF 


tHZX 
Data Float on TS Exit 
75 
245 
ns 
CLOAO = 0 


tSON 
Timeslot 
X to Enable 
30 
185 
ns 
0< 
CLOAO < 100 pF 


tSOFF 
Timeslot 
X to Disable 
70 
225 
ns 
CLOAO = 0 


tFSO 
Frame Sync Delay 
15 
150 
ns 


RECEIVE 
AND CONTROL 
SECTIONS 


Limits 
Symbol 
Parameter 
Unit 
Comments 
Mln 
Max 


tYFR 
Analog Output Update 
91116 
91116 
Timeslot 
From Leading Edge of the Channel Timeslot 


tOSR 
Receive 
Data Setup 
20 
ns 


tOHR 
Receive 
Data Hold 
60 


. 


ns 


tFSO 
Frame Sync Delay 
15 
150 
ns 


tosc 
'Control 
Data Setup 
115 
ns 
Microcomputer 
Mode Only 


tOHC 
Control Data Hold 
115 
ns 
Microcomputer 
Mode Only 


NOTES: 
1. All timing parameters referenced to 1.5Y. except tHZXand tSOFF.which reference a high impedance state. 
2. The 20 timeslot minimum insures that the complete AlO conversion will' take place under any combination of receive 
interrupt or asynchronous operation of the Codec. Consult an Intel applications specialist or Intel Corporation for applica- 
tions information which would allow operation with less than 20 timeslots. 
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TIMING 
WAVEFORMS(1) 


TRANSMIT 
TIMING 


270158-13 


RECEIVE 
TIMING 


270158-14 


CONTROL 
TIMING 


270158-15 


NOTE: 
1. All timing 
parameters 
referenced 
to 1.5V. except 
tHZX and tSOFF which 
reference 
a high impedance 
state. 
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2912A 
PCM TRANSMIT IRECEIVE 
FILTER 
• Low Power Consumption: 
• Adjustable 
Gain in Both Directions 
60 mW Typical 
without 
Power 
• Fully Compatible 
with the Industry 
Amplifiers 
Standard 
Intel 2912 
80 mW Typical 
with Power Amplifiers 
D3/D4 
and CCITT G712 Compatible 
0.5 mW Typical 
Standby 
• 
• Low Idle Channel 
Noise: 
• Common 
Mode Op Amp Input Rejection 


2 dBrncO Typical, 
Receive 
75 dB Typical 
6 dBrncO Typical, 
Transmit 
• Direct Interface 
to the Intel 
• Excellent 
Power Supply Rejection: 
2910A/2911A 
PCM Codecs 
Including 
40 dB Typical 
on Vcc 
@ 50 KHz 
Stand-By 
Power 
Down Mode 
30 dB Typical 
on VBB @ 50 KHz 
• Direct Interface 
with Transformer 
or 
• Transmit 
Filter Rejects 
Low 
Electronic 
Hybrids 
Frequency 
Noise: 
• Fabricated 
with Reliable 
N-Channel 
23 dB 
@ 60 Hz 
MOS Process 
25 dB 
@ 50 Hz 
50 dB 
@ 16-2/3 
Hz 


The Intel 2912A 2nd generation 
PCM line filter is a fully integrated 
monolithic 
device containing 
the two filters 
of a PCM line or trunk termination. 
It has improved 
key parameters 
of power consumption, 
idle channel 
noise, 


and power 
supply 
rejection. 
A single 
part exceeds 
both AT&T* 
03/04 
and CCITT transmission 
specs, 
ex- 
ceeds digital Class 5 central 
office 
switching 
system 
stringent 
specifications, 
and is fully compatible 
with the 
2912. The primary 
application 
for the 2912A 
is in telephone 
systems 
for transmission, 
switching, 
or remote 
concentration. 


An advanced 
version of the switched 
capacitor 
technique 
used for the 2912 is used to implement 
the transmit 


and receive 
passband 
filter sections 
of the 2912A. 
The device 
is fabricated 
using 
Intel's 
reliable 
two layer 
polysilicon 
gate NMOS technology. 
(See Intel Reliability 
Report 
RR-24 on the 2910A, 
2911 A, and 2912.) The 
combination 
of advances 
in the switched 
capacitor 
techniques 
first used on the 2912 and the NMOS technolo- 
gy results 
in a monolithic 
2912A filter which is packaged 
in a standard 
16-pin DIP. 
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Figure 1. Block Diagram 


Pin Names 


VFXI+, 
VFxl 
Analog 
Inputs 


GSx 
Gain Control 


VFxO 
Analog 
Output 


VFRI 
Analog 
Input 


VFRO 
Analog 
Output 


PWRI 
Driver Input 


PWRO+, 
PWRO 
Driver Output 


CLK 
Clock 
Input 


CLKO 
Clock 
Selection 


PDN 
Power 
Down 


Vex; 
Power 
(+5V) 


Vee 
Power 
( 
5V) 


GRDD 
Dig~al Ground 


GRDA 
Analog 
Ground 


Figure 2. Pin Configuration 


'AT&T 
is a registered 
trademark 
of American 
Telephone 
and Telegraph 
Corporation. 
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Table 
1. Pin Description 


Symbol 
Pin No. 
Function 
Description 


VFxl+ 
1 
Input 
Analog input of the transmit filter. The VFxl + signal comes 
from the 2 to 4 wire hybrid in the case of a 2 wire line and goes 
through the frequency 
rejection 
and the antialiasing 
filters 
before being sent to the Codec for encoding. 


VFxl- 
2 
Input 
Inverting input of the gain adjustment 
operational 
amplifier 
on 
the transmit filter. 


GSx 
3 
Output 
Output of the gain adjustment 
operational 
amplifier 
on the 
transmit 
filter. Used for gain setting of the transmit 
filter. 


VFRO 
4 
Output 
Analog output of the receive filter. This output provides 
a 
direct interface 
to electronic 
hybrids. For a transformer 
hybrid 
application, 
VFRO is tied to PRWI and a dual balanced 
output 
is provided 
on pins PWRO + and PWRO - . 


PWRI 
5 
Input 
Input to the power driver amplifiers 
on the receive side for 
interface 
to transformer 
hybrids. High impedance 
input. When 
tied to VBB, the power amplifiers 
are powered 
down. 


PWRO+ 
6 
Output 
Non-inverting 
side of the power amplifiers. 
Power driver output 


capable 
of directly driving transformer 
hybrids. 


PWRO- 
7 
Output 
Inverting side of the power amplifiers. 
Power driver output 
capable 
of directly driving transformer 
hybrids. 


VBB 
8 
Power 
- 5V ± 5% referenced 
to GRDA 


Vee 
9 
Power 
+ 5V ± 5% referenced 
to GRDA 


VFRI 
10 
Input 
Analog input of the receive filter, interface 
to the Codec 
analog output for PCM applications. 
The receive filter provides 
Sinx 
the -- 
correction 
needed for sample and hold type Codec 
x 
outputs to give unity gain. The input voltage 
range is directly 
compatible 
with the Intel 291 OA and 2911 A Codecs. 


GRDD 
11 
Ground 
Digital ground return for internal clock generator. 


ClK(1) 
12 
Input 
Clock input. Three clock frequencies 
can be used: 1.536 MHz, 


1.544 MHz or 2.048 MHz; pin 14, ClKO, has to be strapped 
accordingly. 
High impedance 
input, TTl 
voltage 
levels. 


PDN 
13 
Input 
Control input for the stand-by 
power down mode. An internal 
pull up to + 5V is provided 
for interface 
to the Intel 291 OA and 
2911A PDN outputs. TTl 
voltage 
levels. 


ClKO(1) 
14 
Input 
Clock (pin 12, ClK) 
frequency 
selection. 
If tied to VBB, ClK 
should be 1.536 MHz. If tied to Ground, ClK 
should be 
1.544 MHz. If tied to vcc. ClK 
should be 2.048 MHz. 


GRDA 
15 
Ground 
Analog return common 
to the transmit 
and receive analog 
circuits. 
Not connected 
to GRDD internally. 


VFxO 
16 
Output 
Analog output of the transmit 
filter. The output voltage 
range 
is directly compatible 
with the Intel 291 OA and 2911 A Codecs. 


NOTE: 
1. The three 
clock 
frequencies 
are directly 
compatible 
with the Intel2910A 
and 2911A 
Codecs. 
The following 
table 
should 


be observed 
in selecting 
the clock 
frequency. 


CodecClock 
Clock 
Bits/Frame 
ClK, 
Pin 12 
ClKO, 
Pin 14 


1.536 MHz 
192 
1.536 MHz 
VBB (-5V) 


1.544 MHz 
193 
1.544 MHz 
GRDD 


2.048 MHz 
256 
2.048 MHz 
vcc (+5V) 
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FUNCTIONAL 
DESCRIPTION 


The 2912A provides the transmit and receive filters 
found on the analog termination of a PCM line or 
trunk. The transmit filter performs the anti-aliasing 
function needed for an'8 KHz sampling system, and 
the 50/60 Hz rejection. The receive filter has a low 
pass transfer characteristic and also provides the 
Sinx/x correction necessary to interface the Intel 
2910A (/-L Law) and 2911A (A Law) Codecs which 
have a non-return-to-zero output of the digital to an- 


alog conversion. Gain adjustment is provided in the 
receive and transmit directions. 


A stand-by, power down mode is included in the 
2912A and can be directly controlled by the 2910Al 
2911A Codecs. 


The 2912A can interface directly with a transformer 
hybrid (2 to 4 wire conversion) or with electronic hy- 
brids; in the latter case the power dissipation is re- 
duced by powering down the output amplifier provid- 
ed on the 2912A. 


Figure 3. Typical Line Termination 


r 
I 
I 
I 


TELEPHONE SET 
I 
I 
I 
L 


RINGING 


FILTER 
OPERATION 


Transmit 
Filter Input Stage 


The input stage provides gain adjustment in the 
pass-band. The input operational amplifier has a 
common mode range of ± 2.2 volts, a DC offset of 
less than 25 mV, a voltage gain greater than 3000 
and a unity gain bandwidth of 1 MHz. It can be con- 
nected to provide a gain of 20 dB without degrading 
the noise performance of the filter. The load imped- 
ance connected to the amplifier output (GSx) must 
be greater than 10K n in parallel with 25 pF. The 
input signal on lead VFxl + can be either AC or DC 
coupled. The input Op Amp can also be used in the 
inverting mode or differential amplifier mode. The re- 
maining portion of the transmit filter provides a gain 
of + 3 dB in the pass band. 


PABX 
/ C.O. 
SWITCHING 
SYSTEM 
/ 
CHANNEL, 
BANK 


OfF-HOOK/ROTAR'!' 
OfAl 
PULSES 


HYBRID 


RING CONTROL 


..,•.. 
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•.. 
t 
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y 


GSx 


R, 


R, 
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PC'" 
HIGHWAYS 
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GAIN.'+.!!! 
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Figure 4. Transmit Filter Gain Adjustment 
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Receive Filter Output 


The VFRO lead is capable of driving high impedance 
electronic hybrids. The gain of the receive section 
from VFRI to VFRO is: 


(~) 


Sin(8;~O) 


which when multiplied by the output response of the 
Intel 291OAand 2911A Codecs results in a 0 dB gain 
in the pass band. The filter gain can be adjusted 
downward by a resistor voltage divider connected as 
shown in Figure 5. The total resistive load RLR on 
VFRO should not be less than 10K O. 


R, 


"'IA 


Z -lOAD 
Rz 


270159-5 


Figure 5. Receive Filter Output Gain Adju·stment 


Receive Filter Output Driver Amplifier 
Stage 


A balanced power amplifier is provided in order to 
drive low-impedance loads in a bridged configura- 
tion. The receive filter output VFRO is connected 
through gain setting resistors R1 and R2 to the am- 
plifier input PWRI. The input voltage range on PWRI 
is ±3.2 volts and the gain is 6 dB for a bridged out- 
put. 


With a 6000 load connected between PWRO+ and 
PWRO-, 
the maximum voltage swing across the 
load is ± 5.0 volts. The series combination of Rs and 
the hybrid transformer must present a minimum A.C. 


load resistance of 6000 
to the amplifier in the 
bridged configuration. A typical connection of the 
output driver amplifiers is shown in Figure 6. These 
amplifiers can also be used with loads connected to 
ground. 


When the power amplifier is not needed it should be 
deactivated to save power. This is accomplished by 
tying the PWRI pin to VBBbefore the device is pow- 
ered up. 


Power Down Mode 


Pin 13, PDN, provides the power down control. 
When the signal on this lead is brought high, the 
2912A goes into a standby, power down mode. Pow- 
er dissipation is reduced to 0.5 mW. In the stand-by 
mode, all outputs go into 'a high impedance state. 
This feature allows multiple 2912As to drive the 
same analog bus on a time-shared basis. 


When power is restored, the settling time of the 
2912A is typically 15 ms. 


The PDN interface is directly compatible with the In- 
tel 2910A and 2911A PDN outputs. Only one com- 
mand from the common control is then necessary to 
power down both the Codec and the Filters of the 
line or trunk interface. 


VF ••O 
ROR 
21'''' 


R, 


PWRI 


R, 


":" 
Rs 
PWRO· 


PWRD- 


270159-6 


Figure 6. Typical Connection of 
Output Driver Amplifier 
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ABSOLUTE 
MAXIMUM 
RATINGS* 


Temperature 
Under Bias 
-1 O·C to + 80·C 


Storage Temperature 
- 65·C to + 150·C 


Supply Voltage 
with Respect 
to VBB 
-0.3V 
to + 14.0V 


All Input and Output 
Voltages 
with 
Respect 
to VBB 
- 0.3V to + 14.0V 


All Output Currents 
± 50 mA 


Power Dissipation 
1 Watt 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


D.C. CHARACTERISTICS 
TA = O·Cto 
+70·C; 
vcc = 5V ±5%; 
VBB = -5V 
±5%; 
GRDA = OV; 
GRDD = OV; unless otherwise 
specified 


DIGITAL 
INTERFACE 
(CLK, CLKO, and PDN Pins) 


Symbol 
Parameter 
Min 
Typ(1) 
Max 
Unit 
Test Conditions 


ILlC 
Input Load Current, CLK 
10 
p..A 
VIN = GRDD to vcc 


ILlO 
Input Load Current, CLKO 
10 
p..A 
VIN = VBB to vcc 


ILlP 
Input Load Current, PDN 
-100 
p..A 
VIN = GRDD to vcc 


VIL 
Input Low Voltage 
(except CLKO) 
0.8 
V 


VIH 
Input High Voltage 
(except CLKO) 
2.0 
V 


VILO 
Input Low Voltage, CLKO 
VBB 
VBB+0.5 
V 


VIIO 
Input Intermediate 
Voltage, 
CLKO 
GRDD-0.5 
0.8 
V 


VIHO 
Input High Voltage, CLKO 
Vcc-0.5 
Vcc 
V 


POWER 
DISSIPATION 


Symbol 
Parameter 
Mln 
Typ(1) 
Max 
Unit 
Test Conditions 


Icco 
Vcc Standby Current 
50 
100 
p..A 
PDN = VIH Min 


IBBO 
VBB Standby Current 
50 
100 
p..A 
PDN = VIH Min 


ICC1 
vcc Operating 
Current, Power 
6 
10 
mA 
PWRI = VBB(2) 
Amplifiers 
Inactive 


IBB1 
VBB Operating 
Current, Power 
6 
10 
mA 
PWRI = VBB(2) 
Amplifiers 
Inactive 


ICC2 
VCC Operating 
Current 
8 
14 
mA 


IBB2 
VSB Operating 
Current 
8 
14 
mA 


NOTES: 
1. Typical values are for TA = 2S·C and nominal power supply values. 
2. To place the power amplifiers in the inactive mode PWRI must be tied to vss prior to power-up. 
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D.C. CHARACTERISTICS 
TA = O'Cto 
+70'C;Vcc 
= 5V ±5%;Vss 
= -5V 
±5%;GRDA 
= OV; 
GRDD = OV; unless otherwise 
specified 
(Continued) 
, 


ANALOG 
INTERFACE, 
TRANSMIT 
FILTER 
INPUT 
STAGE 


isymbol 
Parameter 
Min Typ(1 
Max Unit 
Test Conditions 


Isxl 
Input Leakage Current, VFxl + , VFxl- 
100 
nA 
- 2.2V < VIN < 2.2V 


Rlxl 
Input Resistance, 
VFxl + , VFxl- 
10 
Mfl. 
I 


VOSXI 
Input Offset Voltage, VFxl + , VFxl- 
25 
mV 


I 


- 


CMRR 
Common 
Mode Rejection, 
VFxl + , VFxl- 
60 
75 
dB 
-2.2V 
< VIN < 2.2V, 
o dBmO == 1.1 VAMS, Input at VFxl- 


AVOL 
DC Open Loop Voltage Gain, GSx 
3000 


C 
Open Loop Unity Gain Bandwidth, 
GSx 
1 
MHz 
~ 


Vox I 
Output Voltage Swing, GSx 
±2.5 
V 
RL~ 
10Kfl. 


CLXI 
Load Capacitance, 
GSx 
25 
pF 


RLXI 
Minimum 
Load Resistance, 
GSx 
10 
Kfl. Minimum 
RL 


! 


ANALOG 
INTERFACE, 
TRANSMIT 
FILTER 
(See Figure 9) 


Symbol 
Parameter 
Min 
Typ(1) 
Max 
Unit 
Test Conditions 


Rox 
Output Resistance, 
VFxO 
20 
35 
n 


Vosx 
Output DC Offset, VFxO 
100 
mV 
VFxl + Connected 
to GRDA. 


Input Op Amp at Unity Gain 


PSRR1 
Power Supply Rejection 
of vcc at 
30 
40 
,dB 
Note 2 
1 KHz, VFxO 


PSRR2 
Power Supply Rejection 
of Vaa at 
25 
30 
dB 
Note 2 
1 KHz, VFxO 
t 


CLX 
Load Capacitance, 
VFxO 
25 
pF 
rI' 


RLX 
Minimum 
Load Resistance, 
VFxO 
2.7 
Kfl. 
MinimumRL 


VOX1 
Output Voltage Swing, 1 KHz, VFxO 
±3.2 
V 
RL ~ 10 Kfl. or with 2910A 
or2911A 


VOX2 
Output Voltage Swing, 1 KHz, VFxO 
±2.5 
V 
RL ~ 2.7 Kfl. 


NOTES: 
1. Typical values for TA = 25'C and nominal power supply values. 
2. PSAA1,2 include op amp in transmit section. 
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D.C. CHARACTERISTICS 
TA = O'Cto 
+70'C;Vcc 
= 5V ±5%;Vss 
= 
-5V 
±5%;GRDA 
= OV; 


GRDD 
= OV; unless otherwise 
specified 
(Continued) 


ANALOG 
INTERFACE, 
RECEIVE 
FILTER 
(See Figure 10) 


Symbol 
Parameter 
Min 
Typ(1) 
Max 
Unit 
Test Conditions 


ISR 
Input Leakage Current, VFRI 
3 
/LA 
-3.2V 
< VIN < 3.2V 


RIR 
Input Resistance, 
VFRI 
1 
MO 


ROR 
Output Resistance, 
VFRO 
100 
0 


VOSR 
Output DC Offset VFRO 
100 
mV 
VFRI Connected 
to GRDA 


PSRR3 
Power Supply Rejection 
of vcc at 
30 
45 
dB 
1 KHz, VFRO 


PSRR4 
Power Supply Rejection 
of Vss at 
30 
35 
dB 
1 KHz, VFRO 


CLR 
Load Capacitance, 
VFRO 
25 
pF 


RLR 
Minimum 
Load Resistance, 
VFRO 
10 
KO 
Minimum 
RL 


VOR 
Output Voltage Swing, VFRO 
±3.2 
V 
RL=10KO 


ANALOG 
INTERFACE, 
RECEIVE 
FILTER 
DRIVER 
AMPLIFIER 
STAGE 


Symbol 
Parameter 
Mln 
Typ(1) 
Max 
Unit 
Test Conditions 


ISRA 
Input Leakage Current, 
PWRI 
3 
/LA 
- 3.2V < VIN < 3.2V 


RIRA 
Input Resistance, 
PWRI 
10 
MO 


RORA 
Output Resistance, 
PWRO + , PWRO- 
1 
0 
IIOUTI < 10 mA 
-3.0V 
< VOUT < 3.0V 


VOSRA 
Output DC Offset, PWRO + , PWRO- 
50 
mV 
PWRI Connected 
to GRDA 


CLRA 
Load Capacitance, 
PWRO + , PWRO- 
100 
pF 


VORA1 
Output Voltage Swing Across 
RL' 
±3.2 
V 
RL = 10 KO 
RL Connected 
PWRO + , PWRO - 
Single Ended 
±2.9 
V 
RL = 6000 
toGRDA 
Connection 
fo ~ 200 Hz 


±2.5 
V 
RL = 3000 


VORA2 
Differential 
Output Voltage Swing, 
±6.4 
V 
RL = 20 KO 
RL Connected 
PWRO +, PWRO- 
±5.8 
V 
RL = 12000 
between 
PWRO + 


Balanced 
Output Connection 
and PWRO- 


±5.0 
V 
RL = 6000 
fo ~ 200 Hz 


NOTE: 
1. Typical 
values 
are for TA = 25'C and nominal 
power 
supply values. 
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A.C. CHARACTERISTICS 
TA = o-c e +70·C;Vcc 
= 5V ±5%;VBB 
= -5V 
±5%;GRDA 
= OV; 
GRDD = OV; unless otherwise 
specified 


Clock Input Frequency: 
ClK 
= 1.536 MHz ± 0.1 %; ClKO = VILO (Tied to VBB) 


ClK 
= 2.048 MHz ± 0.1 %; ClKO = VIHO(Tied to Vccl 


ClK 
= 1.544 MHz ± 0.1 %; ClKO = VIIO (Tied to GRDD) 


TRANSMIT 
FILTER 
TRANSFER 
CHARACTERISTICS 
(See Transmit 
Filter Transmit 
Characteristics, 
Figure 7) 
, 


Symbol 
Parameter 
Mln 
Typ(1) 
Max 
Unit 
Test Conditions 


GRX 
Gain Relative to Gain at 1 KHz 
o dBmO Input Signal 


16.67 Hz 
-56 
-50 
dB 
Gain Setting Op Amp 


50Hz 
-25 
dB 
Unity Gain 


60Hz 
-23 
dB 


200 Hz 
-1.8 
-0.125 
dB 
o dBmO Signal 
== 1.1 VRMS 


300 Hz to 3000 Hz 


j 
-0.125 
0.125 
dB 
Input at VFxl- 


3300 Hz 
-0.35 
0.03 
dB 
I 


3400 Hz 
-0.7 
-0.1 
dB 
o dBmO Signal 
== 1.6 VRMS 


! 
4000 Hz 
-14 
dB 
Output at VFxO 


4600 Hz and Above 
-32 
dB 


GAX 
Absolute 
Passband 
Gain at 1 KHz, 
2.9 
3.0 
3.1 
dB 
RL = 
00(3) 
VFxO 


GAXT 
Gain Variation with Temperature 
at 
0.0002 
0.002 
dBrC 
o dBmO Signal level 
1 KHz 


GAXS 
Gain Variation with Supplies at 1 KHz 
0.01 
0.07 
dBN 
o dBmO Signal level, 
Supplies 
±5% 


CTRT 
Cross Talk, Receive to Transmit, 
-75 
-65 
dB 
VFRI = 1.6 VRMS, 1 KHz 
Measured 
at VFxO 
Input, VFxl + , VFxl- 


I 
VFxO 
Connected 
to GSx, GSx 
20109VFRO 
Connected 
through 
10 KO to 
GRDA 


NCX1 
Total C Message 
Noise at Output, VFxC 
6 
11 
dBrncO Gain Setting Op Amp at 
(Note 2) Unity Gain 


NCX2 
Total C Message 
Noise at Output, VFxC 
9 
13 
dBrncO Gain Setting Op Amp at 
(Note 2) 20dB 
Gain 


DDX 
Differential 
Envelope 
Delay, VFxO 
60 
J.ts 
1 KHz to 2.6 KHz 


DAX 
Absolute 
Delay at 1 KHz, VFxO 
110 
J.ts 


DPX1 
Single Frequency 
Distortion 
Products 
-48 
dB 
o dBmO Input Signal at 1 KH2 


DPX2 
Single Frequency 
Distortion 
Products 
at 
-45 
dB 
0.16 VRMS 1 KHz Input 
Maximum 
Signal level 
of + 3 dBmO at 
Signal at VFxl + ; Gain 
VFxO 
Setting Op Amp at 20 dB 
Gain. The + 3 dBmO Signal 
at VFxO is 2.26 VRMS 
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A.C. CHARACTERISTICS 
TA = O°Cto +70°C;Vcc 
= 5V ±5%;VBB 
= -5V 
±5%;GRDA 
= OV; 
GRDD = OV; unless otherwise 
specified 
(Continued) 


Clock Input Frequency: 
ClK 
= 1.536 MHz ± 0.1 %; ClKO = VILO (Tied to VBB) 


ClK 
= 1.544 MHz ± 0.1 %; ClKO = VIIO(Tied to GRDD) 


ClK 
= 2.048MHz 
±0.1%;ClKO 
= VIHo(TiedtoVccl 


RECEIVE 
FILTER 
TRANSFER 
CHARACTERISTICS 
(See Receive 
Filter Transfer 
Characteristics, 
Figure 8) 


Symbol 
Parameter 
Min 
Typ(1) 
Max 
Unit 
Test Conditions 


GRR 
Gain Relative to Gain at 1 KHz with 
o dBmO Input Signal 
Sinx/x 
Correction 
of 2910A or 2911A 


Below 200 Hz 
0.125 
dB 
o dBmO Signal 
== 1.6 VRMS x 


200 Hz 
-0.5 
0.125 
dB 
Sin (8;~0) 
: 
300 Hz to 3000 Hz 
- 
-0.125 
0.125 
dB 
I 


i 
3300 Hz 
-0.35 
0.03 
dB 
Input at VFRI 
(8;~0) 
3400 Hz 
-0.7 
-0.1 
dB 


4000 Hz 
-14 
dB 


4600 Hz and Above 
-30 
dB 


~AR 
Absolute 
Passband 
Gain at 1 KHz, VFRO 
-0.1 
0 
+0.1 
dB 
RL = 00(3,4) 


~ART 
Gain Variation 
with Temperature 
at 
0.0002 0.002 
dBrC 
o dBmO Signal level 
1 KHz 


~ARS 
Gain Variation with Supplies at 1 KHz 
0.01 
0.07 
dBIV 
o dBmO Signal level, 
Supplies 
±5% 


~TTR 
Cross Talk, Transmit 
to Receive, 
-70 
-60 
dB 
VFxl = 1.1 VRMS, 1 KHz 
Measured 
at VFRO; 
Output, VFRI Connected 
to 
20 log (VFROIVFxO) 
GRDA 


NCR 
Total C Message 
Noise at Output, VFRO 
2 
6 
dBrncO VFRO Output or PWRO+ 
and 
(Note 2) PWRO - 
Connected 
with 
Unity Gain 


DOR 
Differential 
Envelope 
Delay, VFRO, 
100 
/Ls 
1 KHz to 2.6 KHz 


DAR 
Absolute 
Delay at 1 KHz, VFRO 
110 
/Ls 


DPR1 
Single Frequency 
Distortion 
Products 
-48 
dB 
o dBmO Input Signal at 1 KHz 


DPR2 
Single Frequency 
Distortion 
Products 
at 
-45 
dB 
+ 3 dBmO Signal level 
of 
Maximum 
Signal level 
of + 3 dBmO at 
2.26 VRMS, 1 KHz Input at 
VFRO 
VFRI 


NOTES; 
1. Typical Values are for TA = 25°C and nominal power supply values. 
2. A noise measurement of 12 dBrnc into a 600n load at the 2912A device is equivalent to 6 dBrncO. 
3. For gain under load refer to output resistance specs and perform gain calculation. 
4. Output is non-inverting. 
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TRANSFER 
CHARACTERISTICS 


EXPANDED 


SCALE 
OdB 
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+0.125dB 
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« <« « « <"" 
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Figure 7. Transmit 
Filter 
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EXPANDED 
SCALE 
OdB 


+2.0dB 
,,'40_'\ 
, 
, 
, 
, 
, 
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+1.0dB 
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NOTES: 
1. Typical Transfer Function of the Receive Filter as a Separate Component. 
2. Typical Transfer Function of the Receive Filter Driven by the Sample and Hold Output of the Intel 2910A and 2911A 
CODECS. The Combined Filter/CODEC Response Meets the Stated Specifications. 
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Figure 8. Receive 
Filter 
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POWER SUPPLY REJECTION 
TYPICAL 
VALUES 
OVER 3 RANGES 


eo 


All VFxO 
with VFxl Connected 
to GRDA; 
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Figure 9. Transmit Filter 
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Figure 10. Receive Filter 
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2913 ~ND 2914 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 
• 2913 Synchronous 
Clocks Only, 300 MiI 
• Exceptional Analog Performance 
Package 
• 28-Pin Plastic Leaded Chip Carrier 
• 2914 Asynchronous 
Clocks, 8th Bit 
(PLCC) for Higher Integration 
Signaling, Loop Back Test Capability 
• Low Power HMOS-E Technology: 
• AT&T 03/04 
and CCITT Compatible for 
- 
5 mW Typical Power Down 
Synchronous 
Operation 
-140 
mW Typical Operating 
• Pin Selectable ,....-Lawor A-Law 
• Fully Differential 
Architecture 
Enhances 
Operation 
Noise Immunity 
• Two Timing Modes: 
• On-Chip Auto Zero, Sample and Hold, 
- 
Fixed Data Rate Mode 
and Precision Voltage References 
1.536, 1.544, or 2.048 MHz 
• Direct Interface with Transformer 
or 
- 
Variable Data Rate Mode 
Electronic Hybrids 
64 KHz 2.048 MHz 


The Intel 2913 and 2914 are fully integrated 
PCM codecs 
with transmit/receive 
filters fabricated 
in a highly 
reliable and proven 
N-channel 
HMOS silicon gate technology 
(HMOS-E). 
These devices 
provide the functions 
that were formerly 
provided 
by two complex 
chips (2910A or 2911A 
and 2912A). 
Besides 
the higher level of 
integration, 
the performance 
of the 2913 and 2914 is superior 
to that of the separate 
devices. 


The primary applications 
for the 2913 and 2914 are in telephone 
systems: 


• 
Switching-Digital 
PBX's and Central Office 
Switching 
Systems 


• 
Transmission-D3/D4 
Type Channel 
Banks and Subscriber 
Carrier Systems 


• 
Subscriber 
Instruments-Digital 
Handsets 
and Office Workstations 


The wide dynamic 
range of the 2913 and 2914 
(78 dB) and the minimal 
conversion 
time make them 
ideal 
products 
for other applications 
such as: 


• 
Voice Store and Forward 
• 
Secure 
Communications 
Systems 
• 
Digital Echo Cancellers 
• 
Satellite 
Earth Stations 
i j 
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Table 1 Pin Names 


Name 
Description 
Name 
Description 


Vss 
Power (-5V) 
GSx 
Transmit 
Gain Control 


PWRO +, PWRO- 
Power Amplifier 
Outputs 
VFxl-, 
VFxl + 
Analog Inputs 


GSR 
Receive Gain Control 
GRDA 
Analog Ground 


PDN 
Power Down Select 
NC 
No Connect 


CLKSEL 
- 
Master Clock Frequency 
SIGx 
Transmit 
Signaling 
Input 
Select 


LOOP 
I 
Analog Loop Back 
ASEL 
fL- or A-Law Select 


SIGR 
Receive Signaling Output 
TSx 
. 
Timeslot 
Strobe/Buffer 
Enable 


DCLKR 
I 
Receive Variable Data Clock 
DCLKx 
Transmit 
Variable 
Data Clock 


DR 
Receive PCM Input 
Dx 
Transmit 
PCM Output 


FSR 
Receive 
Frame 
FSx 
Transmit 
Frame 
Synchronization 
Clock 
Synchronization 
Clock 


GRDD 
Digital Ground 
CLKx 
Transmit 
Master Clock 


Vcc 
Power (+5V) 
. 
CLKR 
Receive 
Master Clock (2914 
Only, Internally 
Connected 
to CLKx on 2913) 


Table 2 Pin Description 
~, 
~" 
" ~~ - '"' 


Symbol 
Function 
I 
I 


Vss 
Most negative supply; input voltage 
is - 5V ± 5%. 


PWRO+ 
Non-inverting 
output of power amplifier. 
Can drive transformer 
hybrids or high impedance 
loads directly in either a differential 
or single ended configuration. 


PWRO- 
Inverting output of power amplifier. 
Functionally 
identical and complementary 
to PWRO+. 


GSR 
Input to the gain setting network on the output power amplifier. 
Transmission 
level can be 
adjusted 
over a 12 dB range depending 
on the voltage at GSR. 


PDN 
Power down select. When PDN is TTL high, the device is active. When low, the device is 
powered 
down. 


CLKSEL 
Input which must be pinstrapped 
to reflect the master clock frequency 
at CLKx, CLKR. 
CLKSEL = Vsa ....................... 
2.048 MHz 
CLKSEL = GRDD 
.................... 
1.544 MHz 
CLKSEL = vcc ....................... 
1.536 MHz 


LOOP 
Analog loopback. 
When this pin is TTL high, the analog output (PWRO + ) is internally 
connected 
to the analog input (VFxl + ), GSR is internally 
connected 
to PWRO -, 
and 
VFxl- 
is internally 
connected 
to GSx. A 0 dBmO digital signal input at DR is returned 
as a 
+ 3 dBmO digital signal output at Dx. 


SIGR 
Signaling bit output, receive channel. 
In fixed data rate mode, SIGR outputs the logical 
state of the eighth bit of the PCM word in the most recent signaling frame. 


DCLKR 
Selects the fixed or variable data rate mode. When DCLKR is connected 
to Vss, the fixed 
data rate mode is selected. 
When DCLKR is not connected 
to Vss, the device operates 
in 
the variable data rate mode. In this mode DCLKR becomes 
the receive data clock which 
operates 
at TTL levels from 64 Kb to 2.048 Mb data rates. 
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Table 2 Pin Description 
(Continued) 
t 


Symbol 
Function 


DR 
Receive 
PCM input. PCM data is clocked 
in on this lead on eight consecutive 
negative 
transitions 
of the receive data clock; CLKR in the fixed data rate mode and DCLKR in 
variable data rate mode. 


FSR 
8 KHz frame synchronization 
clock inputltimeslot 
enable, receive channel. 
A multi-function 
input which in fixed data rate mode distinguishes 
between 
signaling 
and non-signaling 
frames by means of a double or single wide pulse respectively. 
In variable 
data rate mode 
this signal must remain high for the entire length of the timeslot. 
The receive channel 
enters the standby state whenever 
FSR is TTL low for 300 milliseconds. 


GRDD 
Digital ground for all internal 
logic circuits. 
Not internally 
tied to GRDA. 


CLKR 
Receive master and data clock for the fixed data rate mode; receive master clock only in 
variable data rate mode. 


CLKx 
Transmit 
master and data clock for the fixed data rate mode; transmit 
master clock only in 
variable data rate mode. 


FSx 
8 KHz frame synchronization 
clock inputltimeslot 
enable, transmit 
channel. 
Operates 
independently 
but in an analogous 
manner to FSR. 
, 


The transmit 
channel 
enters the standby state whenever 
FSx is TTL low for 300 
milliseconds. 


Dx 
Transmit 
PCM output. PCM data is clocked 
out on this lead on eight consecutive 
positive 
transitions 
of the transmit 
data clock: CLKx in fixed data rate mode and DCLKx in variable 
data rate mode. 


TSx/DCLKx 
Transmit 
channel timeslot 
strobe (output) or data clock (input) for the transmit 
channel. 
In 
fixed data rate mode, this pin is an open drain output designed 
to be used as an enable 
signal for a three-state 
buffer. In variable data rate mode, this pin becomes 
the transmit 
data clock which operates 
at TTL levels from 64 Kb to 2.048 Mb data rates. 


SIGx/ASEL 
A dual purpose 
pin. When connected 
to Vss, A-law operation 
is selected. 
When it is not 
connected 
to Vaa this pin is a TTL level input for signaling operation. 
This input is 
transmitted 
as the eighth bit of the PCM word during signaling frames on the Dx lead. If not 
used as an input pin, ASEL should be strapped 
to either vcc or GRDD. 


NC 
No connect. 


GRDA 
Analog ground return for all internal voice circuits. 
Not internally 
connected 
to GRDD. 


VFxl+ 
Non-inverting 
analog input to uncommitted 
transmit 
operational 
amplifier. 


VFxl- 
Inverting analog input to uncommitted 
transmit 
operational 
amplifier. 


GSx 
Output terminal 
of transmit 
channel 
input op amp. Internally, 
this is the voice signal input to 
the transmit 
filter. 


Vcc 
Most positive supply; input voltage 
is + 5V ± 5%. 
• 
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FUNCTIONAL 
DESCRIPTION 


The 2913 and 2914 provide the analog-to-digital 
and 
the 
digital-to-analog 
conversions 
and 
the 
transmit 
and receive filtering 
necessary 
to interface 
a full du- 
plex (4 wires) voice telephone 
circuit with the PCM 
highways 
of a time division 
multiplexed 
(TDM) sys- 
tem. 
They 
are intended 
to be used 
at the 
analog 
termination 
of a PCM line or trunk. 
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GENERAL 
OPERATION 
Power Down and Standby Modes 


System Reliability Features 


The combochip can be powered up by pulsing FSx 
and/ or FSR while a TIL 
high voltage is applied to 
PDN, provided that all clocks and supplies are con- 
nected. The 2913 and 2914 have internal resets on 
power up (or when Vss or vcc are re-applied) in 
order to ensure validity of the digital outputs and 
thereby maintain integrity of the PCM highway. 


On the transmit channel, digital outputs Dx and TSx 
are held in a high impedance state for approximately 
four frames (500 ,""s)after power up or application of 
VSSor vcc After this delay, Dx, TSx, and signaling 
will be functional and will occur in the proper time- 
slot. The analog circuits on the transmit side require 
approximately 60 milliseconds to reach their equilib- 
rium value due to the autozero circuit settling time. 
Thus, valid digital information, such as for on/off 
hook detection, is available almost immediately, 
while analog information is available after some de- 
lay. 


On the receive channel, the digital output SIGR is 
also held low for a maximum of four frames after 
power up or application of Vss or vcc- SIGR will 
remain low thereafter until it is updated by a signal- 
ing frame. 


To further enhance system reliability, TSx and Dx 
will be placed in a high impedance state approxi- 
mately 30 ,""S after an interruption of CLKx. Similarly, 
SIGR will be held low approximately 30 ,""S after an 
interruption of CLKR.These interruptions could pos- 
sibly occur with some kind of fault condition. 


To minimize power consumption, two power down 
modes are provided in which most 2913/2914 func- 
tions are disabled. Only the power down, clock, and 
frame sync buffers, which are required to power up 
the device, are enabled in these modes. As shown in 
Table 3, the digital outputs on the appropriate chan- 
nels are placed in a high impedance state until the 
device returns to the active mode. 


The Power Down mode utilizes an external control 
signal to the PDN pin. In this mode, power consump- 
tion is reduced to the value shown in Table 3. The 
device is active when the signal is high and inactive 
when it is low. In the absence of any signal, the PDN 
pin floats to TIL high allowing the device to remain 
active continuously. 


The Standby mode leaves the user an option of 
powering either channel down separately or power- 
ing the entire device down by selectively removing 
FSx and/or FSR.With both channels in the standby 
state, power consumption is reduced to the value 
shown in Table 3. If transmit only operation is de- 
sired, FSx should be applied to the device while FSR 
is held low. Similarly, if receive only operation is de- 
sired, FSR should be applied while FSx is held low. 


Fixed Data Rate Mode 


Fixed data rate timing, which is 2910A and 2911A 
compatible, is selected by connecting DCLKR to 
Vas- It employs master clocks CLKx and CLKR, 
frame synchronization clocks FSx and FSR,and out- 
put TSx. 


Table 3_Power-Down 
Methods 


Power-Down 
Typical 
Device Status 
Method 
Power 
Digital Output Status 
Consumption 


Power Down 
PDN = TILLow 
5mW 
TSx and Dx are placed in a high impedance 
Mode 
state and SIGRis placed in a TIL low state 
within 10 ,""s. 


Standby Mode 
FSx and FSRare 
12mW 
TSx and Dx are placed in a high impedance 
TILLow 
state and SIGRis placed in a TIL low state 300 
milliseconds after FSx and FSRare removed. 


Only Transmit Is 
FSxisTILLow 
70mW 
TSx and Dx are placed in a high impedance 
on Standby 
state within 300 milliseconds. 


Only Receive Is 
FSRisTIL 
Low 
110mW 
SIGRis placed in a TIL low state within 300 
on Standby 
milliseconds. 
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CLKx and CLKR serve both as master clocks to op- 
erate the codec and filter sections and bit clocks to 
clock the data in and out from the PCM highway. 
FSx and FSR are 8 KHz inputs which set the sam- 
pling frequency and distinguish between signaling 
and non-signaling frames by their pulse width. A 
frame synchronization pulse which is one master 
clock wide designates a.non-signaling frame, while a 
double wide sync pulse enables the signaling func- 
tion. TSx is a timeslot strobe/buffer enable output 
which gates the PCM word onto the PCM highway 
when an external buffer is used to drive the line. 


Data is transmitted on the highway at Ox on the first 
eight positive transitions of CLKx following the rising 
edge of FSx. Similarly, on the receive side, data is 
received on the first eight falling edges of CLKR.The 
frequency of CLKx and CLKR is selected by the 
CLKSEL pin to be either 1.536, 1.544, or 2.048 MHz. 
No other frequency of operation is allowed in the 
fixed data rate mode. 


Variable 
Data Rate Mode 


Variable data rate timing is selected by connecting 
DCLKRto the bit clock for the receive PCM highway 
rather than to Vae- It employs master clocks CLKx 
and CLKR,bit clocks DCLKRand DCLKx, and frame 
synchronization clocks FSR and FSx. 


Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequen- 
cy of the bit clocks, which can be asynchronous in 
the case of the 2914 or synchronous in the case of 
the 2913, from 64 KHz to 2.048 MHz. Master clock's 
inputs are still restricted to 1.536, 1.544, or 2.048 
MHz. 


In this mode, DCLKR and DCLKx become the data 
clocks for the receive and transmit PCM highways. 
While FSx is high, PCM data from Ox is transmitted 
onto the highway on the next eight consecutive posi- 
tive transitions of DCLKx. Similarly, while FSR is 
high, each PCM bit from the highway is received by 
OR on the next eight consecutive negative tran- 
sitions of DCLKR. 


On the transmit side, the PCMword will be repeated 
in all remaining timeslots in the 125 f.Ls frame as long 
as DCLKx is pulsed and FSx is held high. This fea- 
ture allows the PCM word to be transmitted to the 
PCM highway more than once per frame, if desired, 
and is only available in the variable data rate mode. 
Conversely, signaling is only allowed in the fixed 
data rate mode since the variable mode provides no 
means with which to specify a signaling frame. 


Signaling 


Signaling can only be performed with the 24-pin de- 
vice in the fixed data rate timing mode (DCLKR = 
Vss). Signaling frames on the transmit and receive 
sides are independent of one another and are se- 
lected by a double-width frame sync pulse on the 
appropriate channel. During a transmit signaling 
frame, the codec will encode the incoming analog 
signal and substitute the signal present on SIGx for 
the least significant bit of the encoded PCM word. 
Similarly, in a receive signaling frame, the codec will 
decode the seven most significant bits according to 
CCITT recommendation G.733 and output the logi- 
cal state of the LSB on the SIGR lead until it is up- 
dated in the next signaling frame. Timing relation- 
ships for signaling operation are shown in Figure 4. 
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Figure 4. Signaling Timing (Used Only with Fixed Data Rate Mode) 
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Asynchronous 
Operation 


The 2914 can be operated with asynchronous 
clocks in either the fixed or variable data rate 
modes. In order to avoid crosstalk problems associ- 
ated with special interrupt circuitry, the design of the 
Intel 2913/2914 combochip includes separate digi- 
tal-to-analog converters and voltage references on 
the transmit and receive sides to allow independent 
operation of the two channels. 


In either timing mode, the master clock, data clock, 
and timeslot strobe must be synchronized at the be- 
ginning of each frame. CLKx and DCLKx are syn- 
chronized once per frame but may be of different 
frequencies. The receive channel operates in a simi- 
lar manner and is completely independent of the 
transmit timing (refer to Variable Data Rate Timing 
Diagrams). This approach requires the provision of 
two separate master clocks, even in variable data 
rate mode, but avoids the use of a synchronizer 
which can cause intermittent data conversion errors. 


Analog Loopback 


A distinctive feature of the 2914 is its analog loop- 
back capability. This feature allows the user to send 
a control signal which internally connects the analog 
input and output ports. As shown in Figure 5, when 
LOOP is TIL 
high the analog output (PWRO+) is 
internally connected to the analog input (VFxl+), 
GSRis internally connected to PWRO-, and VFxl- 
is internally connected to GSx. 


With this feature, the user can test the line circuit 
remotely by comparing the digital codes sent into 
the receive channel (OR) with those generated on 
the transmit channel (Ox). Due to the difference in 
transmission levels between the transmit and re- 
ceive sides, a 0 dBmO code sent into OR will 


emerge from Ox as a + 3 dBmO code, an implicit 
gain of 3 dB. Thus, the maximum signal input level 
which can be tested using analog loopback is 
o dBmO. 
. 


Precision Voltage References 


No external components are required with the com- 
bochip to provide the voltage reference function. 
Voltage references are generated on-chip and are 
calibrated during the manufacturing process. The 
technique uses a difference in sub-surface charge 
density between two suitably implanted MOS devic- 
es to derive a temperature and bias stable reference 
voltage. These references determine the gain and 
dynamic range characteristics of the device. 


Separate references are supplied to the transmit 
and receive sections and each is trimmed indepen- 
dently during the manufacturing process. The refer- 
ence value is then further trimmed in the gain setting 
op-amps to a final precision value. With this method 
the combochip can achieve the extremely accurate 
Digital Milliwatt Responses specified in the transmis- 
sion parameters, providing the user a significant 
margin for error in other board components. 


Conversion Laws 


The 2913 and 2914 are designed to operate in both 
JL-Iawand A-law systems. The user can select either 
conversion law according to the voltage present on 
the SIGx/ ASEL pin. In each case the coder and de- 
coder process a companded 8-bit PCM word follow- 
ing CCITI recommendation G.711 for JL-Iawand A- 
law conversion. If A-law operation is desired, SIGx 
should be tied to Vae- Thus, signaling is not allowed 
during A-law operation. If JL = 255-law operation is 
selected, then SIGx is a TIL level input which modi- 
fies the LSB of the PCM output in signaling frames. 
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Figure 5. Simplified Block Diagram of 2914 Combochip in the Analog Loopback Configuration 
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VFXI+ can be either AC or DC coupled. The input 
op amp can also be used in the inverting mode or 
differential amplifier mode (see Figure 6). 


A low pass anti-aliasing section is included on-chip. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components 
are required to provide the necessary anti-atlaslnq 
function for the switched capacitor section of the 
transmit filter. 


The passband section provides flatness and stop- 
band attenuation which fulfills the AT&T D3/D4 
channel bank transmission specification and CCITT . 
recommendation G.714. The 2913 and 2914 specifi- 
cations meet or exceed digital class 5 central office 
switching systems requirements. The transmit filter 
transfer characteristics and specifications will be 
within the limits shown in Figure 8. 


A high pass section configuration was chosen to re- 
ject low frequency noise from 50 Hz and 60 Hz pow- 
er lines, 17 Hz European electric railroads, ringing 
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Figure 6. Transmit 
Filter Gain Adjustment 


is transmitted on the first eight data clock bits of the 
next frame. 


An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is long term averaged and 
subtracted from the input to the encoder. In this way, 
all DC offset is removed from the encoder input 
waveform. 


RECEIVE 
OPERATION 


Decoding 


The PCM word at the DR lead is serially fetched on 
the first eight data clock bits of the frame. A D/ A 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then 
transferred to the receive filter. 


Receive Filter 


The receive filter provides passband flatness and 
stopband rejection which fulfills both the AT&T D3/ 
D4 specification and CCITT recommendation G.714. 
The filter contains the required compensation for the 
(sin x)/x response of such decoders. The receive 
filter characteristics and specifications are shown in 
Figure 9. 


Receive Output Power Amplifiers 


A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration. Ei- 
ther of the two outputs can be used single ended 
(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a 
bridged load directly. The output stage is capable of 
driving loads as low as 300 ohms single ended or 
600 ohms differentially. 
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Table 
4. Zero Transmission 
Level 
Points 


Symbol 
Parameter 
Value 
Units 
Test Conditions 


OTLP1x 
Zero Transmission 
Level Point 
+276 
dBm 
Referenced 
to 600n 


Transmit 
Channel 
(0 dBmO) u-Law 
+1.00 
dBm 
Referenced 
to 900n 


OTLP2x 
Zero Transmission 
Level Point 
+2.79 
dBm 
ReferElnced to 600n 
Transmit 
Channe I (0 damO) A-Law 
+1.03 
dBm 
Referenced 
to 900n 


OTLP1R 
Zero Transmission 
Level Point 
+5.76 
dBm 
Referenced 
to 600n 
Receive Channel 
(0 dBmO) wLaw 
+4.00 
, 


dBm 
Refere,nced to 900n 


OTLP2R 
Zero Transmission 
Level Point 
+5.79 
dBm 
Referenced 
to 600n 
Receive Channel 
(0 dBmO) A-Law 
+4.03 
dBm 
Referenced 
to 900n 


The receive 
channel 
transmission 
level may be ad- 
justed 
between 
specified 
limits 
by manipulation 
of 
the 
GSR input. 
GSR is internally 
connected 
to an 
analog 
gain setting 
network. 
When GSR is strapped 
to PWRO -, 
the receive 
level is maximized; 
when it 


is tied to PWRO +, 
the level is minimized. 
The out- 
put 
transmission 
level 
interpolates 
between 
0 dB 
and - 12 dB as GSR is interpolated 
(with a potenti- 
ometer) 
between 
PWRO + 
and PWRO -. 
The use 
of the output gain set is illustrated 
in Figure 7. 


Transmission 
levels are specified 
relative 
to the re- 


ceive 
channel 
output 
under 
digital 
milliwatt 
condi- 
tions, that is, when the digital input at DR is the eight- 
code sequence 
specified 
in CCITT recommendation 
G.711. 


OUTPUT 
GAIN SET: DESIGN 
CONSIDERATIONS 


(Refer to Figure 7) 


PWRO + 
and PWRO - 
are low impedance 
comple- 
mentary 
outputs. 
The voltages 
at the nodes are: 


0 
PWAO+ 


v.+ 
A, 
2113 
~ 
0 
OA 


AL 
v. 
GS. 
2114 


I 


A, 
CD 
PWAO- 
DlGrrAL 
INPUT 
v.- 


~ 
210629-10 


Figure 
7. Gain Setting 
Configuration 


vo+ 
at PWRO+ 


Vo- 
at PWRO- 


vo = (Vo+) - 
(Vo-)(total differentialresponse) 


R1 and R2 are a gain setting 
resistor 
network 
with 
the center tap connected 
to the GSR input. 
. 


A value 
greater 
than 
10K ohms 
for R1 + 
R2 and 
less than 
100K ohms 
for R1 in parallel 
with 
R2 is 
recommended 
because: 


(a) The parallel combination 
of R1 + R2 and RL sets 
the total loading. 


(b) The total capacitance 
at the GSR input and the 
parallel 
combination 
of R1 'and R2 define 
a time 
constant 
which 
has to be minimized 
to avoid in- 


accuracies. 


A is the gain of the power amplifiers, 
where 


A = 1 + (R1/R2) 


4 + (R1/R2) 


For design 
purposes, 
a useful 
form 
is R1/R2 
as a 
function 
of A. 


4A - 
1 
R1/R2=-- 1 -A 


(Allowable 
values for A are those which make R1/R2 


positive.) 


Examples 
are: 


If A = 1 (maximum 
output), 
then 


R1/R2 = 
00 
or V(GSR)= "0-; 


i.e., GSR is tied to PWRO- 


If A = %, then 


If A = %, (minimum 
output) then 


R1/R2 = 0 or V(GSR)= V()+; 


i.e., GSR is tied to PWRO + . 
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ABSOLUTE 
MAXIMUM 
RATINGS 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Temperature 
under Bias 
- 1O·C to + 80·C 


Storage Temperature 
-65·C 
to;+- 150·C 


VCC and GRDD 
with Respect to VBB 
-0.3V 
to + 15V 


All Input and Output 
Voltages 
with Respect 
to VBB 
-0.3V 
to + 15V 


Power Dissipation 
1.35W 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
TA = O·C to 70·C, vsx: = +5V 
±5%, 
VBB = -5V 
±5%, 
GRDA 
= OV, GRDD 
= OV, unless 
otherwise 
specified 


Typical 
values are for TA = 25·C and nominal 
power supply values 


DIGITAL 
INTERFACE 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


IlL 
Low Level Input Current 
10 
p.A 
GRDD 
:S: VIN :S: VIL(l) 


IIH 
High Level Input Current 
10 
p.A 
VIH :S: VIN :S: VCC 


VIL 
Input Low Voltage, 
except CLKSEL 
0.8 
V 


VIH 
Input High Voltage, except CLKSEL 
2.0 
V 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 3.2 mA at Dx, TSx and SIGR 


VOH 
Output High Voltage 
2.4 
V 
IOH = 9.6 mA at Dx 
IOH = 1.2 mA at SIGR 


VILO 
Input Low Voltage, 
CLKSEL(2) 
VBB 
VBB 
V 
+ 0.5 


VIIO 
Input Intermediate 
Voltage, 
CLKSEL 
GRDD 
0.5 
V 
- 
0.5 


VIHO 
Input High Voltage, CLKSEL 
Vcc 
Vcc 
V 


- 
0.5 


Cox 
Digital Output Capacitance(3) 
5 
pF 


CIN 
Digital Input Capacitance 
5 
10 
pF 
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D.C. CHARACTERISTICS 
TA = O°C to 70°C, VCC = +5V 
±5%, 
VBB = -5V 
±5%, 
GRDA 
= OV, GRDD 
= OV, unless 
otherwise 
specified 


Typical 
values 
are for TA = 25°C and nominal 
power supply values 
(Continued) 


POWER 
DISSIPATION 
All measurements 
made at fOCLK = 2.048 MHz, outputs unloaded 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


ICC1 
VCC Operating 
Current(5) 
14 
19 
mA 


IBB1 
VBB Operating 
Current 
-18 
-24 
mA 


lcco 
vcc Power Down Current 
0.5 
1.0 
mA 
PDN s VIL; after 10 J-Ls 


IBBO 
VBB Power Down Current 
-0.5 
-1.0 
mA 
PDN s VIL; after 10 J-Ls 


tees 
vcc Stand by Current 
1.2 
2.4 
mA 
FSx, FSR s VIL; after 300 ms 


IBBS 
VBB Stand by Current 
-1.2 
-2.4 
mA 
FSx, FSR ::;:VIL; after 300 ms 


P01 
Operating 
Power Dissipation(4) 
140 
200 
mW 


Poo 
Power Down Dissipation(4) 
5 
10 
mW 
PDN ::;:.VIL; after 10 J-Ls 


PST 
Standby 
Power Dissipation(4) 
12 
25 
mW 
FSx, FSR ::;:VIL 


NOTES: 
1. VIN is the voltage on any digital pin. 
2. SIGx and OCLKRare TTL level inputs between GROO and vcc: they are also pin straps for mode selection when tied to 
Vss. Under these conditions VILOis the input low voltage requirement. 
3. Timing parameters are guaranteed based on a 100 pF load capacitance. Up to eight digital outputs may be connected to 
a common PCM highway without buffering, assuming a board capacitance of 60 pF. 
4. With nominal power supply values. 
5. vcc applied last or simultaneously with Vss. 


ANALOG 
INTERFACE, 
TRANSMIT 
CHANNEL 
INPUT 
STAGE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


IBXI 
Input Leakage Current, VFxl + , VFxl- 
100 
nA 
-2.17V 
::;:VIN ::;:2.17V 


RIXI 
Input Resistance, 
VFxl + , VFxl- 
10 
MO 


VOSXI 
Input Offset Voltage, VFxl + , VFxl- 
25 
mV 


CMRR 
Common 
Mode Rejection, 
VFxl + , VFxl- 
55 
dB 
-2.17V::;: 
VIN ::;:2.17V 


AVOL 
DC Open Loop Voltage Gain, GSx 
5000 


fc 
Open Loop Unity Gain Bandwidth, 
GSx 
1 
MHz 


CLXI' 
Load Capacitance, 
GSx 
50 
pF 


RLXI 
Minimum 
Load Resistance, 
GSx 
10 
KO 


ANALOG 
INTERFACE, 
RECEIVE 
CHANNEL 
DRIVER 
AMPLIFIER 
STAGE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


RORA 
Output Resistance, 
PWRO + , PWRO- 
1 
0 


VOSRA 
Single-Ended 
Output DC Offset, PWRO + , 
75 
±150 
mV 
Relative to GRDA 
PWRO- 


CLRA 
Load Capacitance, 
PWRO + , PWRO- 
100 
pF 
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A.C. CHARACTERISTICS- 
TRANSMISSION 
PARAMETERS 


Unless 
otherwise 
noted, the analog 
input is a 0 dBmO, 1020 Hz sine wave.(1) Input amplifier 
is set for unity 
gain, noninverting. 
The digital input is a PCM bit stream 
generated 
by passing 
a 0 dBmO, 1020 Hz sine wave 
through 
an ideal encoder. 
Receive 
output is measured 
single ended, maximum 
gain configuration.(2) 
All output 


levels are (sin x)/x 
corrected. 
Specifications 
are for synchronous 
operation. 
Typical values are for TA = 25·C 
and nominal power supply values. (TA = O·C to + 70·C; vcc = + 5V ± 5%; VBB = - 5V ± 5%; GRDA = OV; 
GRDD 
= OV; unless otherwise 
specified). 


GAIN AND DYNAMIC 
RANGE 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


EmW 
Encoder 
Miliiwatt Response 
-0.18 
±0.04 
+0.18 
dBmO 
Signal input of 1.064 Vrms /Jo-Iaw 
Tolerance 
Signal input of 1.068 Vrms A-law 
TA = 25·C, VBB = -5V, 
vcc = +5V 


EmWTS 
EmW Variation 
with 
-0.07 
±0.02 
+0.07 
dB 
± 5% supplies, 0 to 70·C 
Temperature 
and Supplies 
Relative to nominal conditions 


DmW 
Digital Milliwatt Response 
-0.18 
±0.04 
+0.18 
dBmO 
Measure 
relative to OTLPR. Signal 
Tolerance 
input per CCITT Recommendation 
G.711. Output signal of 1000 Hz, 
~ 
RL = 00; TA = 25·C; 
VBB = -5V, 
vcc = +5V. 


DmWTS 
DmW Variation 
with 
-0.07 
+0.02 
+0.07 
dB 
± 5% supplies, 
0 to 70·C 
Temperature 
and Supplies 


NOTES: 
1. 0 dBmO is defined 
as the zero 
reference 
point 
of the channel 
under 
test 
(OTLP). This corresponds 
to an analog 
signal 


input of 1.064 Vrms or an output 
of 1.503 Vrms for fL-law. See Table 
4. 


2. Unity 
gain 
input 
amplifier: 
GSx 
is connected 
to VFxl-, 
Signal 
input 
VFxl +; Maximum 
gain 
output 
amplifier; 
GSR is 


connected 
to PWRO -, 
output 
to PWRO +. 


GAIN TRACKING 
Reference 
Level = -10 
dBmO 


Symbol 
Parameter 
2913·1,2914·1 
2913,2914 
Unit 
Test Conditions 
Min 
Max 
Mln 
Max 


GT1x 
Transmit 
Gain Tracking 
Error 
±0.2 
±0.25 
dB 
+3 
to -40 
dBmO 
Sinusoidal 
Input; u-Law 
±0.3 
±0.5 
dB 
-40 
to -50 
dBmO 
±0.65 
±1.2 
dB 
-50 
to -55 
dBmO 


GT2x 
Transmit 
Gain Tracking 
Error 
±0.2 
±0.25 
dB 
+ 3 to -40 
dBmO 
Sinusoidal 
Input; A-Law 
±0.3 
±0.5 
dB 
-40 
to -50 
dBmO 
±0.65 
± 1.2 
dB 
-50 
to -55 
dBmO 


GT1R 
Receive 
Gain Tracking 
Error 
±0.2 
±0.25 
dB 
+3 to -40 
dBmO 
Sinusoidal 
Input; u-Law 
±0.3 
±0.5 
dB 
-40 
to - 50 dBmO 
±0.65 
±1.2 
dB 
-50 
to -55 
dBmO 
Measured 
at PWRO + , 


RL = 300n. 


GT2R 
Receive Gain Tracking 
Error 
±0.2 
±0.25 
dB 
+3 
to -40 
dBmO 
Sinusoidal 
Input; A-Law 
±0.3 
±0.5 
dB 
-40 
to -50 
dBmO 
±0.65 
± 1.2 
dB 
-50 
to -55 
dBmO 
Measured 
at PWRO + , 


,I 
RL = 300n. 
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A.C. CHARACTERISTICS- 
TRANSMISSION 
PARAMETERS 
(Continued) 


NOISE All receive channel 
measurements 
are single ended 


Symbol 
Parameter 
2913-1,2914-1 
2913,2914 
Unit 
Test Conditions 
Min 
Typ 
Max 
Mln Typ 
Max 


NXC1 
Transmit 
Noise, C-Message 
13 
15 
dBrncO VFxl + = GROA, VFxl- 
= 


Weighted 
GSx 


NXC2 
Transmit 
Noise, C-Message 
16 
18 
dBrncO VFxl + = GROA, VFxl- 
= 


Weighted 
with 
GSx; 6th Frame Signaling 
Eighth Bit Signaling 


Nxp 
Transmit 
Noise, 
-77 
-75 
dBmOp VFxl + = GROA, VFxl- 
= 
Psophometrically 
Weighted 
GSx 


NRC1 
Receive 
Noise, C-Message 
8 
11 
dBrncO OR = 11111111 
Weighted: 
Quiet Code 


NRC2 
Receive 
Noise, C-Message 
9 
12 
dBrncO Input to OR is zero code with 
Weighted: 
Sign Bit Toggle 
sign bit toggle at 1 KHz rate 


NRP 
Receive 
Noise, 
-82 
-79 
dBmOp OR = lowest positive 
Psophometrically 
Weighted 
decode 
level 


NSF 
Single Frequency 
Noise 
-50 
-50 
dBmO 
CCITT G.712.4.2, 
End to End Measurement 
measure 
at PWRO + 


PSRR1 
VCC Power Supply Rejection, 
-30 
-30 
dB 
Idle channel; 
200 mV pop 
Transmit 
Channel 
signal on supply; 
o to 50 KHz, measure at Ox 


PSRR2 
VBB Power Supply Rejection, 
-30 
-30 
dB 
Idle channel; 
200 mV pop 
Transmit 
Channel 
signal on supply; 
o to 50 KHz, measure 
at Ox 


PSRR3 
VCC Power Supply Rejection, 
-25 
-25 
dB 
Idle channel; 
200 mV pop 
Receive Channel 
signal on supply; measure 
narrow band at PWRO + , 
o to 50 KHz 


PSRR4 
VBB Power Supply Rejection, 
-25 
-25 
dB 
Idle channel; 
200 mV pop 
Receive Channel 
signal on supply; measure 
narrow band at PWRO + , 
o to 50 KHz 


CTTR 
Crosstalk, 
Transmit 
-80 
-71 
dB 
VFxl + = 0 dBmO, 


to Receive 
1.02 KHz, OR = lowest 
positive decode 
level, 


measure at PWRO + 


CTRT 
Crosstalk, 
Receive 
-80 
-71 
dB 
OR = 0 dBmO, 1.02 KHz 


to Transmit 
VFxl + = GROA, 
measure at Ox 
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A.C. CHARACTERISTICS- 
TRANSMISSION 
PARAMETERS 
(Continued) 


DISTORTION 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


SD1x 
Transmit 
Signal to Distortion, 
IJ.-Law 
36 
dB 
Oto -30dBmO 
Sinusoidal 
Input; 
30 
dB 
-30 
to -40 
dBmO 
CCITT G.714-Method 
2 
25 
dB 
-40 
to -45 
dBmO 


SD2x 
Transmit 
Signal to Distortion, 
A-Law 
36 
dB 
Oto -30dBmO 
Sinusoidal 
Input; 
30 
dB 
-30 
to -40 
dBmO 
CCITT G.714-Method 
2 
25 
dB 
-40 
to -45 
dBmO 


SD1R 
Receive Signal to Distortion, 
IJ.-Law 
36 
dB 
Oto -30dBmO 
Sinusoidal 
Input; 
30 
dB 
-30 
to -40 
dBmO 
CCITT G.714-Method 
2 
25 
dB 
-40 
to -45 
dBmO 


SD2R 
Receive Signal to Distortion, 
A-Law 
36 
dB 
Oto -30 
dBmO 
Sinusoidal 
Input; 
30 
dB 
-30 
to -40 
dBmO 
CCITT G.714-Method 
2 
25 
dB 
-40 
to -45 
dBmO 


DPx 
Transmit 
Single Frequency 
Distortion 
-46 
dBmO 
AT&T Advisory 
#64 
(3.8) 
Products 
, 
o dBmO Input Signal 


DPR 
Receive Single Frequency 
Distortion 
-46 
dBmO 
AT&T Advisory 
#64 
(3.8) 
Products 
o dBmO Input Signal 


IMD1 
Intermodulation 
Distortion, 
-35 
dB 
CCITT G.712 (7.1) 
End to End Measurement 


IMD2 
Intermodulation 
Distortion, 
-49 
dBmO 
CCITT G.712 (7.2) 
End to End Measurement 


SOS 
Spurious Out of Band Signals, 
-25 
dBmO 
CCITT G.712 (6.1) 
End to End Measurement 


SIS 
Spurious in Band Signals, 
-40 
dBmO 
CCITT G.712 (9) 
End to End Measurement 


DAX 
Transmit 
Absolute 
Delay 
245 
IJ.s 
Fixed Data Rate. CLKx = 2.048 MHz 
o dBmO, 1.02 KHz 
signal at VFxl + 
Measure 
at Dx. 


Dox 
Transmit 
Differential 
Envelope 
Delay 
170 
IJ.s 
f = 500 - 
600 Hz 
Relative to DAX 
95 
IJ.s 
f = 600 - 
1000 Hz 
45 
IJ.s 
f = 1000 - 
2600 Hz 
105 
IJ.s 
f = 2600 - 
2800 Hz 


DAR 
Receive Absolute 
Delay 
190 
IJ.s 
Fixed Data Rate, CLKR = 2.048 
MHz; Digital input is DMW 
codes. Measure at PWRO + . 


DOR 
Receive 
Differential 
Envelope 
Delay 
45 
IJ.s 
f = 500 - 
600 Hz 
Relative to DAR 
35 
IJ.s 
f = 600 - 
1000 Hz 
85 
IJ.s 
f = 1000 - 
2600 Hz 
110 
IJ.s 
f = 2600 - 
2800 Hz 
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A.C. CHARACTERISTICS- 
TRANSMISSION 
PARAMETERS 
(Continued) 


TRANSMIT 
CHANNEL 
TRANSFER 
CHARACTERISTICS 


Input amplifier 
is set for unity gain; noninverting; 
maximum 
gain output. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


GRX 
Gain Relative to Gain at 1.02 KHz 
o dBmO Signal input at VFxl + 


16.67 Hz 
-30 
dB 


50 Hz 
-25 
dB 


60 Hz 
-23 
dB 


200 Hz 
-1.8 
-0.125 
dB 


300 to 3000 Hz 
-0.125 
+0.125 
dB 
. 


3300 Hz 
. 
-0.35 
+0.03 
dB 


3400 Hz 
-0.7 
-0.10 
dB 


4000 Hz 
-14 
dB 


4600 Hz and Above 
-32 
dB 


+O.12SdB 
300 Hz 
+0.125 dB 
+0.03 dB 
-0.125 
dB 
3000 Hz 
/"" 
3300 Hz 


200Hz 
/<~ 
/<" 
("""",,"" 
:::::~,... 
•• 
~ 
~-0.tOd8 
3400Hz 


-O.12SdB 
3000 
H% 


+1.0d9 


EXPANDED 


SCALE 
Od8 


-1.0 de 


Od8 


-10dS 


-20d8 


-30d8 
-30d8 
16.667 
Hz 


-40d8 


-SOdS 


-60d8 


10Hz 


-1.8dS 
200Hz 


TYPICAL 


-0.35 dB 
3300 
Hz 


100Hz 
1 KHz 
10KHz 
210629-11 


Figure 8. Transmit 
Channel 
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A.C. CHARACTERISTICS- 
TRANSMISSION 
PARAMETERS 
(Continued) 


RECEIVE 
CHANNEL 
TRANSFER 
CHARACTERISTICS 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


GRR 
Gain Relative 
to Gain at 1.02 KHz 
o dBmO Signal input at DR 


Below 200 Hz 
+0.125 
dB 


200 Hz 
~ 
-0.5 
+0.125 
dB 


300 to 3000 Hz 
-0.125 
+0.125 
dB 


3300 Hz 
-0.35 
+0.03 
dB 


3400 Hz 


c.. l ~ 


-0.7 
-0.1 
dB 


4000 Hz 
-14 
dB 
- 


4600 Hz and Above 
!~ 
-30 
dB 


+1.0dB 


+O.125dB +O.125dB 
+O.125dB 
-O.03dB 


{{{{{{{{{{U 
~~o{~.u:~{H:uuu 
{{{{{{{(« 
(3~~300HZ 


-O.10dB 
3400Hz 
-O.SOdS 
/ 
200Hz 


EXPANDED 
SCALE 
0 dB 


-O.35dB 
3300Hz 


-1.0dB 


-O.12SdB 
3000Hz 
TYPICAL 


OdB 
-, 


~ 
TYP~L 
-14dB 
.woOH% 


-30dB 
4600Hz 


(\ 


I 
I 
I 
I 


-10dB 


-20dB 


-30dB 


-40d8 


-SOdB 


-60dB 


10Hz 
100Hz 
1 KHz 
10KHz 


210629-12 


Figure 9. Receive 
Channel 
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A.C: CHARACTERISTICS-TIMING 
PARAMETERS 


CLOCK 
SECTION 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


tcv 
Clock Period. CLKx. CLKR 
488 
ns 
fCLKX = fCLKR = 2.048 MHz 


tcLK 
Clock Pulse Width. CLKx. CLKR 
220 
ns 


tOCLK 
Data Clock Pulse Width 
220 
ns 
64 KHz ~ fOCLK s 2.048 MHz 


tcoc 
Clock Duty Cycle. CLKx. CLKR 
45 
50 
55 
% 


tr• tf 
Clock Rise and Fall Time 
5 
30 
ns 


TRANSMIT 
SECTION, 
FIXED 
DATA 
RATE 
MODE(1) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


tozx 
Data Enabled on TS Entry 
0 
145 
ns 
o < CLOAO < 100 pf 


toox 
Data Delay from CLKx 
0 
145 
ns 
0< 
CLOAO < 100 pF 


tHZX 
Data Float on TS Exit 
60 
215 
ns 
CLOAO = 0 


tSON 
Timeslot 
X to Enable 
0 
145 
ns 
o < CLOAD < 100 pF 


tSOFF 
Timeslot 
X to Disable 
60 
215 
ns 
CLOAO = 0 


tFSO 
Frame Sync Delay 
100 
tcLK 
ns 


tss 
Signal Setup Time 
0 
ns 


tSH 
Signal Hold Time 
0 
ns 


RECEIVE 
SECTION, 
FIXED 
DATA 
RATE 
MODE 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


tOSR 
Receive Data Setup 
10 
ns 


tOHR 
Receive 
Data Hold 
60 
ns 


tFSO 
Frame Sync Delay 
100 
tCLK 
ns 


tSIGR 
SIGR Update 
0 
, 
2 
/Ls 


NOTE: 
1. Timing 
parameters 
tozx. 
tHZX. and tSOFF are referenced 
to a high impedance 
state. 
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WAVEFORMS 


Fixed Data Rate Timing 


TRANSMIT 
TIMING 


~ 


y 
nMESLOT 


eLKx 


telK 


'. 
2 
3 
.• 
5 
• 
7 
• 
'j =i~~ b ~ 
I, 
NON.SIGNAL~:~ 
-------,-----------=--------------- 
FRAMES _ 
---j 
~ 


SIGNAL~:~ 
'\...:...-----....!!..-----------------=-------- 


FRAMES 


elKX 


Ox 


'-----...:...--..:..----DO-N-.T-C-A-R-E--,!..--------..:..---,-SS-j-....J~"''' -f: 


SIGx ----------------------------------------~ 
210629-13 


NOTE: 
All timing 
parameters 
referenced 
to VIH and VIL except 
tozx. 
tSOFF and tHZX which 
reference 
a high impedance 
state. 


RECEIVE 
TIMING 


~ 


Y~TlMESLOT 
tell( 
. 


CLK.j 
q' 
~~~2 
3 
• 
5 
• 
7 
• 
- 
. 
~ 


NON-SIG":'=~ 
FRAMES_ 
_ 
. 


FS. 
SIGNAlING 
'------------------------------ 
FRAMES 


510 •• ----------------------~-------------------+--~ 
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NOTE: 
All timing 
parameters 
referenced 
to VIH and VIL. 
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intJ 
2913 
and 
2914 


WAVEFORMS 
(Continued) 


TRANSMIT 
SECTION, 
VARIABLE 
DATA 
RATE 
MODE(1) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


tTSOX 
Timeslot 
Delay from DCLKx(2) 
140 
tox - 
140 
ns 


tFSO 
Frame Sync Delay 
100 
tcv - 
100 
ns 


toox 
Data Delay from DCLKx 
0 
100 
ns 
o < CLOAO < 100 pF 


tooN 
Timeslot 
to Ox Active 
0 
50 
ns 
0< 
CLOAO < 100 pF 


tooFF 
Timeslot 
to Ox Inactive 
0 
80 
ns 
0< 
CLOAO < 100 pF 


tox 
Data Clock Period 
488 
15620 
ns 


tOFSX 
Data Delay from FSx 
\ 
0 
140 
ns 


i, 


f 


RECEIVE 
SECTION, 
VARIABLE 
DATA 
RATE 
MODE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


trsoa 
Timeslot 
Delay from DCLKR(3) 
140 
tOR - 
140 
ns 


tFSO 
Frame Sync Delay 
100 
tcv - 
100 
ns 


tOSR 
Data Setup Time 
10 
ns 


tOHR 
Data Hold Time 
60 
ns 


tOR 
Data Clock Period 
488 
15620 
ns 


tSER 
Tirneslot 
End Receive Time 
60 
ns 
• 


64 KB OPERATION, 
VARIABLE 
DATA 
RATE 
MODE 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


tFSLX 
Transmit 
Frame Sync Minimum 
488 
ns 
FSx is TIL 
high for remainder 
of 
Downtime 
frame 


tFSLR 
Receive 
Frame Sync Minimum 
1952 
ns 
FSR is TIL 
high for remainder 
of 
Downtime 
frame 


tOCLK 
Data Clock Pulse Width 
10 
JLs 


NOTES: 
1. Timing parameters for tooN and toorr 
are referenced to a high impedance state. 


2. tFSLXminimum requirements override tTSDXmaximum spec for 64 KHz operation. 
3. tFSlR minimum requirements override tTSDRmaximum spec for 64 KHz operation. 
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2913 and 2914 


VARIABLE 
DATA RATE TIMING 


TRANSMIT 
TIMING 


DClK. 


ClK. 


D. 
BIT3 
BIT4 


210629-15 


RECEIVE 
TIMING 


210629-16 


NOTE: 
All timing 
parameters 
referenced 
to VIH and VIL except 
tDON and tDOFF which 
reference 
a high impedance 
state. 


A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 
u=x 
~O >TEST POINTS<:lOx= 


0.45 
0.8 
0.8 


210629-17 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and O.45V 
for Logic 
"0". 
TIming 
measurements 
are made at 2.0V for a Logic 


"1" 
and O.BV for a Logic 
"0". 
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2916/2917 
HMOS COMBINED SINGLE CHIP PCM CODEC AND FILTER 


• 
2916 u-Law, 2.048 MHz Master Clock 


• 
2917 A-Law, 
2.048 MHz Master Clock 


• 
New 16-Pin Package 
for Higher 
Linecard 
Density 


• 
AT&T D3/D4 
and CCITT Compatible 


• 
Variable 
Timing Mode for Flexible 
Digital Interface: 
Supports 
Data Rates 
from 64 KB to 2.048 MB 


• 
Fully Differential 
Internal 
Architecture 
Enhances 
Noise Immunity 


• 
Fixed Timing 
Mode for Standard 
32-Channel 
Systems: 
2.048 MHz 
Master Clock 


• 
Low Power HMOS-E Technology 
- 
5 mW Typical 
Power 
Down 
-140 
mW Typical 
Operating 


• 
On Chip Auto Zero, Sample and Hold, 
and Precision 
Voltage 
References 


• 
Compatible 
with Direct Mode Intel 
2910A, 2911A, and 2912A Designs 


The Intel 2916 and 2917 are limited feature versions 
of Intel's 2913 and 2914 combination 
codec/filter 
chips. 
They are fully integrated 
PCM codecs 
with transmit/receive 
filters fabricated 
in a highly reliable 
and proven 
N-channel 
HMOS silicon gate technology 
(HMOS-E). 
These 
devices 
provide 
the functions 
that were formerly 
provided 
by two complex 
chips 
(2910A 
or 2911 A and 2912A). 
Besides 
the higher 
level of integration, 
the 
performance 
of the 2916 and 2917 is superior 
to that of the separate 
devices. 


The primary applications 
for the 2916 and 2917 are in telephone 
systems: 


• 
Switching-Digital 
PBX's and Central 
Office 
Switching 
Systems 


• 
Subscriber 
Instruments-Digital 
Handsets 
and Office Workstations 


Other possible 
applications 
can be found where the wide dynamic 
range (78 dB) and minimum conversion 
time 
(125 /Jos)are required 
for analog to digital interface 
functions: 


• 
High Speed 
Modems 
• 
Secure 
Communications 
• 


• 
Voice Store and Forward 
• 
Digital Echo Cancellation 


vaa 
vcc 


PWRO+ 
GSx 


PWRO- 
VFXI 
- 


PDN 
GROA 


OCLKR 
TSx/OCLKX 


OR 
Ox 


FSR 
FSX 


GROO 
ClK 
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Figure 1. Pin Configuration 
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Figure 2. Block Diagram 


Table 1. Pin Names 


Name 
Description 
Name 
Description 


VBB 
Power (-5V) 
GSx 
Transmit 
Gain Control 


PWRO+. 
PWRO- 
Power Amplifier 
Outputs 
VFxl- 
Analog Input 


PDN 
Power Down Select 
GRDA 
Analog Ground 


DClKR 
Receive Variable 
Data Clock 
TSx 
Timeslot 
Strobe/Buffer 
Enable 


OR 
Receive 
PCM Input 
DClKx 
Transmit 
Variable 
Data Clock 


FSR 
Receive 
Frame 
il 
Ox 
Transmit 
PCM Output 
Synchronization 
Clock 
FSx 
Transmit 
Frame 


GRDD 
Digital Ground 
Synchronization 
Clock 


Vcc 
Power (+5V) 
ClK 
Master Clock 


i 
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Table 2. Pin Description 
. 


Symbol 


t, 


Function 


VBB 
Most negative 
supply, input voltage 
is - 5 volts ± 5%. 


PWRO+ 
Non-inverting 
output of power amplifier. 
Can drive transformer 
hybrids or high impedance 
loads 
directly in either a differential 
or single ended configuration. 


PWRO- 
Inverting output of power amplifier. 
Functionally 
identical 
and complementary 
to PWRO + . 


PDN 
Power down select. When PDN is TTl 
high, the device is active. When low, the device is 
powered 
down .. 


DCLKR 
Selects the fixed or variable data rate mode. When DClKR 
is connected 
to VBB, the fixed data 
rate mode is selected. 
When DClKR 
is not connected 
to VBB, the device operates 
in the 
variable data rate mode. In this mode DClKR 
becomes 
the receive data clock which operates 
at TTl 
levels from 64 Kb to 2.048 Mb data rates. 


OR 
Receive 
PCM input. PCM data is clocked 
in on this lead on eight consecutive 
negative 
transitions 
of the receive data clock; ClK 
in the fixed data rate mode and DClKR 
in variable 
data rate mode. 


FSR 
8 KHz frame synchronization 
clock input/tirneslot 
enable, receive channel. 
In variable 
data rate 
mode this signal must remain high for the entire length of the timeslot. 
The receive channel 
enters the standby state whenever 
FSR is TTl 
low for 300 milliseconds. 


GRDD 
Digital ground for all internal 
logic circuits. 
Not internally 
tied to GRDA. 


ClK 
Master and data clock for the fixed data rate mode; master clock only in variable 
data rate 
mode. 
, 


FSx 
8 KHz frame synchronization 
clock inputltimeslot 
enable, transmit 
channel. 
Operates 
independently 
but in an analogous 
manner to FSR. The transmit 
channel 
enters the standby 
state whenever 
FSx is TTl 
low for 300 milliseconds. 


Ox 
Transmit 
PCM output. PCM data is clocked 
out on this lead on eight consecutive 
positive 
transitions 
of the transmit 
data clock; ClK 
in fixed data rate mode and DClKx 
in variable 
data 
rate mode. 


TSx/DClKx 
Transmit 
channel timeslot 
strobe (output) or data clock (input) for the transmit 
channel. 
In fixed 
data rate mode, this pin is an open drain output designed 
to be used as an enable signal for a 
three-state 
buffer. In variable data rate mode, this pin becomes 
the transmit 
data clock which 
operates 
at TTl 
levels from 64 Kb to 2.048 Mb data rates. 


GRDA 
Analog ground return for all internal voice circuits. Not internally 
connected 
to GRDD. 


VFxl- 
Inverting analog input to uncommitted 
transmit 
operational 
amplifier. 


GSx 
Output terminal 
of on-chip transmit 
channel 
input op amp. Internally, 
this is the voice signal 
input to the transmit filter. 


Vcc 
Most positive supply; input voltage 
is + 5 volts ± 5%. 
. 
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FUNCTIONAL 
DESCRIPTION 


2916/2917 


The 2916 and 2917 provide the analog-to-digital and 
the digital-to-analog conversions and the transmit 
and receive filtering necessary to interface a full du- 
plex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TDM) sys- 
tem. They are intended to be used at the analog 
termination of a PCM line. 


The following major functions are provided: 


• 8andpass filtering of the analog signals prior to 
encoding and after decoding 
• Encoding and decoding of voice and call prog- 
ress information 


• Encoding and decoding of the signaling and su- 
pervision information 


GENERAL 
OPERATION 


System Reliability Features 


The combochip can be powered up by pulsing FSx 
and/ or FSR while a TTL high voltage is applied to 
PDN, provided that all clocks and supplies are con- 
nected. The 2916 and 2917 have internal resets on 
power up (or when Vss or vcc are re-applied) in 
order to ensure validity of the digital outputs and 
thereby maintain integrity of the PCM highway. 


On the transmit channel, digital outputs Dx and TSx 
are held in a high impedance state for approximately 
four frames (500 I-I-s)after power up or application of 
Ysa or vcc. After this delay, Dx and TSx will be 
functional and will occur in the proper timeslot. The 
analog circuits on the transmit side require approxi- 
mately 60 milliseconds to reach their equilibrium val- 
ue due to the autozero circuit settling time. 


To enhance system reliability, TSx. and Dx will be 
placed in a high impedance state approximately 
30 I-I-safter an interruption of CLK. 


Power Down and Standby Modes 


To minimize power consumption, two power down 
modes are provided in which most 2916/2917 func- 
tions are disabled. Only the power down, clock, and 
frame sync buffers, which are required to power up 
the device, are enabled in these modes. As shown in 
Table 3, the digital outputs on the appropriate chan- 
nels are placed in a high impedance state until the 
device returns to the active mode. 


The Power Down mode utilizes an external control 
signal to the PDN pin. In this mode, power consump- 
tion is reduced to an average of 5 mW. The device is 
active when the signal is high and inactive when it is 
low. In the absence of any signal, the PDN pin floats 
to TTL high allowing the device to remain active con- 
tinuously. 


The Standby mode leaves the user an option of 
powering either channel down separately or power- 
ing the entire device down by selectively removing 
FSx and/or FSR.With both channels in the standby 
state, power consumption is reduced to an average 
of 12 mW. If transmit only operation is desired, FSx 
should be applied to the device while FSR is held 
low. Similarly, if receive only operation is desired, 
FSR should be applied while FSx is held low. 


Fixed Data Rate Mode 


Fixed data rate timing, which is 2910A and 2911A 
compatible, is selected by connecting DCLKR to 
Vas- It employs master clock CLK, frame synchroni- 
zation clocks FSx and FSR, and output TSx. 


Table.3. Power-Down Methods 


Power-Down 
Typical 
Device Status 
Method 
Power 
Digital Output Status 
Consumption 


Power Down Mode PDN = TTLLow 
5mW 
TSx and Dx are placed in a high impedance 
state within 10 I-I-s. 


Standby Mode 
FSx and FSRare TTL Low 
12mW 
TSx and Dx are placed in a high impedance 
state within 300 milliseconds. 


Only Transmit is 
FSx is TTL Low 
70mW 
TSx and Dx are placed in a high impedance 
on Standby 
state within 300 milliseconds. 


Only Receive is 
FSRis TTL Low 
110mW 
on Standby 
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ClK serves as the master clock to operate the eo- 
dec and filter sections and as the bit clock to clock 
the data in and out from the PCM highway. FSx and 
FSR are 8 KHz inputs which set the sampling fre- 
quency. TSx is a timeslot strobe/buffer enable out- 
put which gates the PCM word onto the PCM high- 
way when an external buffer is used to drive the line. 


Data is transmitted on the highway at Ox on the first 
eight positive transitions of ClK following the rising 
edge of FSx. Similarly, on the receive side, data is 
received on the first eight falling edges of ClK. The 
frequency of ClK must be 2.048 MHz. No other fre- 
quency of operation is allowed in the fixed data rate 
mode. 


Variable Data Rate Mode 


Variable data rate timing is selected by connecting 
DClKR to the bit clock for the receive PCM highway 
rather than to Vss. It employs master clock ClK, bit 
clocks DClKR and DClKx, and frame synchroniza- 
tion clocks FSR and FSx. 


Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequen- 
cy of the bit clocks, from 64 KHz to 2.048 MHz. The 
master clock is still restricted to 2.048 MHz. 


In this mode, DClKR and DClKx become the data 
clocks for the receive and transmit PCM highways. 
While FSx is high, PCM data from Ox is transmitted 
onto the highway on the next eight consecutive posi- 
tive transitions of DClKx. 
Similarly, while FSR is 
high, each PCM bit from the highway is received by 
OR on the next eight consecutive negative tran- 
sitions of DClKR. 


On the transmit side, the PCMword will be repeated 
in all remaining timeslots in the 125 I-I-sframe as long 
as DClKx is pulsed and FSx is held high. This fea- 
ture allows the PCM word to be transmitted to the 
PCM highway more than once per frame, if desired, 
and is only available in the variable data rate mode. 


Precision Voltage References 


No external components are required with the com- 
bochip to provide the voltage reference function. 
Voltage references are generated on-chip and are 
calibrated during the manufacturing process. The 
technique uses a difference in sub-surface charge 
density between two suitably implanted MOS devic- 
es to derive a temperature and bias stable reference 
voltage. These references determine the gain and 
dynamic range characteristics of the device. 


Separate references are supplied to the transmit 
and receive sections and each is trimmed indepen- 
dently during the manufacturing process. The refer- 
ence value is then further trimmed in the gain setting 
op-amps to a final precision value. With this method 
the combochip can achieve the extremely accurate 
Digital Milliwatt Responses specified in the transmis- 
sion parameters, providing the user a significant 
margin for error in other board components. 


TRANSMIT 
OPERATION 


Transmit Filter 


The input section provides gain adjustment in the 
passband by means of an on-chip operational ampli- 
fier. This operational amplifier has a commoon mode 
range of 
± 2.17 volts, a maximum DC offset of 
25 mV, a minimum open loop voltage gain of 5000, 
and a unity gain bandwidth of typically 1 MHz. Gain 
of up to 20 dB can be set without degrading the 
performance of the filter. The load impedance to 
ground (GRDA) at the amplifier output (GSx) must 
be greater than 10 kilohms in parallel with less than 
50 pF. The input signal on lead VFxl- 
can be either 
AC or DC coupled. The input op amp can only be 
used in the inverting mode as shown in Figure 3. 


A low pass anti-aliasing section is included on-chip. 5 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components 
are required to provide the necessary anti-aliasing 
function for the switched capacitor section of the 
transmit filter. 


R2 
GS. 
AAAA 


YF.'_ 
•..- 


+ 
GIIln = _ R~ 
Rt 


Rt 
- 


6 
Input 


270156-3 


Figure 3. Transmit 
Filter Gain Adjustment 
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RECEIVE 
OPERATION 
The passband section provides flatness and stop- 
band attenuation which fulfills the AT&T D3/D4 
channel bank transmission specification and CCITT 
recommendation G.714. The 2916 and 2917 specifi- 
cations meet or exceed digital class 5 central office 
switching systems requirements. The transmit filter 
transfer characteristics and specifications will be 
within the limits shown in Figure 4. 


A high pass section configuration was chosen to re- 
ject low frequency noise from 50 and 60 Hz power 
lines, 17 Hz European electric railroads, ringing fre- 
quencies and their harmonics, and other low fre- 
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex- 
ternal components. 


Encoding 


The encoder internally samples the output of the 
transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per- 
forms an analog to digital conversion on a switched 
capacitor array. Digital data representing the sample 
is transmitted on the first eight data clock bits of the 
next frame. 


An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is long term averaged and 
subtracted from the input to the encoder. In this way, 
all DC offset is removed from the encoder input 
waveform. 


Decoding 


The PCM word at the DR lead is serially fetched on 
the first eight data clock bits of the frame. A DI A 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then 
transferred to the receive filter. 


Receive Filter 


The receive filter provides passband flatness and 
stopband rejection which fulfills both the AT&T D31 
D4 specification and CCITT recommendation G.714. 
The filter contains the required compensation for the 
(sin x)/x 
response of such decoders. The receive 
filter characteristics and specifications will be within 
the limits shown in Figure 5. 


Receive Output Power Amplifiers 


A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration. Ei- 
ther of the two outputs can be used single ended 
(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a 
bridged load directly. The output stage is capable of 
driving loads as low as 300 ohms single ended or 
600 ohms differentially. 


Transmission levels are specified relative to the re- 
ceive channel output under digital milliwatt condi- 
tions, that is, when the digital input at DRis the eight- 
code sequence specified in CCITT recommendation 
G.711. 


Table 4. Zero Transmission 
Level Points 


Symbol 
Parameter 
Value 
Units 
Test Conditions 


OTLP1x 
Zero Transmission Level Point 
+2.76 
dBm 
Referenced to 600n 
Transmit Channel (OdBmO)u-law 
+1.00 
dBm 
Referenced to 900n 


OTLP2x 
Zero Transmission Level Point 
+2.79 
dBm 
Referenced to 600n 
Transmit Channel (OdBmO)A-law 
+1.03 
dBm 
Referenced to 900n 


OTLP1R 
Zero Transmission Level Point 
+5.76 
dBm 
Referenced to 600n 
Receive Channel (OdBmO)/-L-Iaw 
+4.00 
dBm 
Referenced to 900n 


OTLP2R 
Zero Transmission Level Point 
+5.79 
dBm 
Referenced to 600n 
Receive Channel (OdBmO)A-law 
+4.03 
dBm 
Referenced to 900n 
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ABSOLUTE 
MAXIMUM 
RATINGS 
NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


Temperature 
Under Bias 
-10°C 
to + 80°C 


Storage Temperature 
-65°C 
to + 150°C 


VCC and GRDD with Respect 
to VSS 
-0.3V 
to + 15V 


All Input and Output Voltages 
with Respect to Vsa 
-0.3V 
to + 15V 


Power Dissipation 
1.35W 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


D.C. CHARACTERISTICS 
(TA = O°C to 70°C. vcc = 
+5V 
±5%. 
Vss = 
-5V 
±5%. 
GRDA = OV. GRDD = OV. unless 
otherwise 
specified) 


Typical 
values 
are for TA = 25°C and nominal 
power supply values. 


DIGITAL 
INTERFACE 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


III 
Low Level Input Current 
10 
/LA 
GRDD 
S; VIN S; Vll (Note 1) 


IIH 
High Level Input Current 
10 
/LA 
VIH S; VIN S; vcc 


Vll 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOl 
Output Low Voltage 
0.4 
V 
10l = 3.2 mA at Ox. TSx 


VOH 
Output High Voltage 
2.4 
V 
IOH = 9.6 mA at Ox 


Cox 
Digital Output Capacitance(2) 
5 
pF 


CIN 
Digital Input Capacitance 
5 
10 
pF 


POWER 
DISSIPATION 
All measurements 
made at fOClK = 2.048 MHz. outputs 
unloaded. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


ICC1 
VCC Operating 
Current(4) 
14 
19 
mA 


ISS1 
Vea Operating 
Current 
-18 
-24 
mA 


lccc 
vcc Power Down Current 
0.5 
1.0 
mA 
PDN S; Vll; after 10 /Ls 


laso 
Vss Power Down Current 
-0.5 
-1.0 
mA 
PDN S; Vll; after 10 us 


lees 
vcc Standby Current 
1.2 
2.4 
mA 
FSx. FSR s; Vll; after 300 ms 


lass 
Vas Standby Current 
-1.2 
-2.4 
mA 
FSx. FSR S; Vll; after 300 ms 


P01 
Operating 
Power Dissipation(3) 
140 
200 
mW 


Poo 
Power Down Dissipation(3) 
5 
10 
mW 
PDN S; Vll; after 10 /Ls 


PST 
Standby 
Power Dissipation(3) 
12 
25 
mW 
FSx. FSR S; vn. 


NOTES: 
1. VIN is the voltage on any digital pin. 
2. Timing parameters are guaranteed based on a 100 pF load capacitance. Up to eight digital outputs may be connected to 
a common PCM highway without buffering, assuming a board capacitance of 60 pF. 
3. With nominal power supply values. 
4. vcc applied last or simultaneously with Vss. 
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ANALOG 
INTERFACE, 
TRANSMIT 
CHANNEL 
INPUT 
STAGE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


IBX1 
Input Leakage Current, VFxl- 
100 
nA 
-2.17V 
~ VIN ~ 2.17V 


Rlxl 
Input Resistance, 
VFxl- 
10 
MO 


VOSXI 
Input Offset Voltage, 
VFxl- 
25 
mV 


AVOL 
DC Open Loop Voltage Gain, GSx 
5000 
. 
,. 


fc 
Open Loop Unity Gain Bandwidth, 
GSx 
1 
MHz 


CLXI 
Load Capacitance, 
GSx 
50 
pF 


RLXI 
Minimum 
Load Resistance, 
GSx 
10 
KO 


ANALOG 
INTERFACE, 
RECEIVE 
CHANNEL 
DRIVER 
AMPLIFIER 
STATE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


RORA 
Output Resistance, 
PWRO + , PWRO- 
1 
0 


VOSRA 
Single-Ended 
Output DC Offset, PWRO + , 
75 
mV 
Relative to GRDA 
PWRO- 


CLRA 
Load Capacitance, 
PWRO + , PWRO- 
100 
pF 


A.C. CHARACTERISTICS- 
TRANSMISSION 
PARAMETERS 
Unless 
otherwise 
noted, 
the analog 
input is a 0 dBmO, 1020 Hz sine wave.(1) Input amplifier 
is set for unity 
gain, inverting. 
The digital 
input is a PCM bit stream 
generated 
by passing 
a 0 dBmO, 1020 Hz sine wave 
through 
an ideal encoder. 
Receive 
output 
is measured 
single ended. All output 
levels are (sin x)/x 
corrected. 
Typical values are for TA = 25·C and nominal power suppfy values. (TA = O·C to + 70·C; vcc = + 5V ± 5%; 
VBB = -5V 
±5%; 
GRDA 
= OV; GRDD = OV; unless otherwise 
specified). 


GAIN AND DYNAMIC 
RANGE 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


EmW 
Encoder 
Milliwatt 
Response 
-0.18 
±0.04 
+0.18 
dBmO 
Signal Input of 1.064 Vrms u-law 
(Transmit 
Gain Tolerance) 
Signal Input of 1.068 Vrms A-law 
TA = 25·C, VBB = -5V, 
vcc = +5V 


EmWTS 
EmW Variation 
with 
-0.07 
±0.02 
+0.07 
dB 
±5% 
Supplies, oto 
70·C 
Temperature 
and Supplies 
Relative to Nominal Conditions 


DmW 
Digital Milliwatt 
Response 
-0.18 
±0.04 
+0.18 
dBmO 
Measure 
Relative to OTLPR. Signal 
(Receive 
Gain Tolerance) 
Input per CCITT Recommendation 
G.711. Output Signal of 1000 Hz. 
RL = 
00 


TA = 25·C;VBB 
= -5V, 
VCC = +5V. 


DmWTS 
DmW Variation 
with 
-0.07 
±0.02 
+0.07 
dB 
± 5% Supplies, 0 to 70·C 
Temperature 
and Supplies 


NOTE: 
1. 0 dBmO is defined as the zero reference point of the channel under test (OTLP).This corresponds to an analog signal 
input of 1.064 volts rms or an output of 1.503 volts rms (for ,..Iaw). 
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GAIN TRACKING 
Reference 
Level = -10 
dBmO 


Symbol 
Parameter 
2916 
2917 
Unit 
Test Conditions 
Mln 
Max 
Mln 
Max 


GT1x 
Transmit 
Gain Tracking 
Error 
±0.25 
dB 
+3to 
-40dBmO 
Sinusoidal 
Input; u-law 
±0.5 
dB 
-40 
to -50 
dBmO 
±1.2 
dB 
-50 
to -55 
dBmO 


GT2x 
Transmit 
Gain Tracking 
Error 
±0.25 
dB 
+3to 
-40dBmO 
Sinusoidal 
Input; A-law 
±0.5 
dB 
-40 
to -50 
dBmO 
± 1.2 
dB 
-50 
to -55 
dBmO 


GT1R 
Receive 
Gain Tracking 
Error 
±0.25 
dB 
+3to 
-40dBmO 
Sinusoidal 
Input; /L-Iaw 
±0.5 
dB 
-40 
to - 50 dBmO 
±1.2 
dB 
-50 
to -55 
dBmO 
Measured 
at PWRO+, 


RL = 3000 


GT2R 
Receive 
Gain Tracking 
Error 
±0.25 
dB 
+3to 
-40dBmO 
Sinusoidal 
Input; A-law 
±0.5 
dB 
-40 
to -50 
dBmO 
±1.2 
dB 
-50 
to -55 
dBmO 
Measured 
at PWRO + , 


r 
RL = 3000 


NOISE (All receive 
channel 
measurements 
are single ended) 


Symbol 
Parameter 
2916 
2917 
Unit 
Test Conditions 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


NXC1 
Transmit 
Noise, C-Message 
15 
dBrncO 
Unity Gain 
Weighted 


Nxp 
Transmit 
Noise, Psophometricaliy 
-75 
dB mOp 
Unity Gain 
Weighted 


NRC1 
Receive 
Noise, C-Message 
11 
dBrncO 
OR = 11111111 
Weighted: 
Quiet Code 


NRC2 
Receive 
Noise, C-Message 
12 
dBrncO 
Input to OR is Zero Code 
Weighted: 
Sign Bit Toggle 
with Sign Bit Toggle 
at 1 KHz 
Rate 


NRP 
Receive 
Noise, Psophometricaliy 
-79 
dBmOp 
OR = Lowest 
Positive 
Weighted 
Decode 
Level 


NSF 
Single Frequency 
Noise 
-50 
-50 
dBmO 
CCITT G.712.4.2 
End to End Measurement 
Measure 
at PWRO + 


PSRR1 
VCC Power Supply Rejection, 
-30 
-30 
dB 
Idle Channel; 
200 mV pop 
Transmit 
Channel 
Signal on Supply; 0 to 50 
KHz, Measure 
at Ox 


PSRR2 
VBB Power Supply Rejection, 
-30 
-30 
dB 
Idle Channel; 
200 mV poP 
Transmit 
Channel 
Signal on Supply; 0 to 50 
KHz, Measure 
at Ox 


PSRR3 
vcc Power Supply Rejection, 
-25 
-25 
dB 
Idle Channel; 
200 mV pop 
Receive 
Channel 
Signal on Supply; 
Measure 
Narrow 
Band at PWRO + , 
Ot050 
KHz 


PSRR4 
VBB Power Supply Rejection, 
-25 
-25 
dB 
Idle Channel; 
200 mV pop 
Receive 
Channel 
Signal on Supply; 
Measure 
Narrow 
Band at PWRO + , 


Ot050 
KHz 


CTTR 
Crosstalk, 
Transmit 
to Receive 
-71 
-71 
dB 
Input = 0 dBmO, Unity 
Gain, 1.02 KHz, OR = 
Lowest 
Positive 
Decode 
Level, Measure 
at PWRO+ 


CTRT 
Crosstalk, 
Receive 
to Transmit 
-71 
-71 
dB 
OR = 0 dBmO, 1.02 KHz, 
Measure 
at Ox 
. 
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DISTORTION 
,.. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


SD1x 
Transmit 
Signal to Distortion, 
u-Law 
36 
dB 
o dBmO to - 30 dBmO 
Sinusoidal 
Input; 
30 
dB 
- 30 dBmO to - 40 dBmO 


CCITT G.714-Method 
2 (2916) 
25 
dB 
-40 
dBmO to -45 
dBmO 


SD2x 
Transmit 
Signal to Distortion, 
A-law 
36 
dB 
o dBmO to -30 
dBmO 


Sinusoidal 
Input; 
30 
dB 
- 30 dBmO to - 40 dBmO 
CCITT G.714-Method 
2 (2917) 
25 
dB 
-40 
dBmO to -45 
dBmO 


SD1R 
Receive Signal to Distortion, 
J-L-law 
36 
dB 
o dBmO to -30 
dBmO 


Sinusoidal 
Input; CCITT G.714-Method 
30 
dB 
- 30 dBmO to - 40 dBmO 
2 (2916) 
25 
dB 
- 40 dBmO to - 45 dBmO 


SD2R 
Receive Signal to Distortion, 
A-law 
36 
dB 
o dBmO to - 30 dBmO 
Sinusoidal 
Input; CCITT G.714-Method 
30 
dB 
-30 
dBmO to -40 
dBmO 
2 (2917) 
25 
dB 
- 40 dBmO to - 45 dBmO 


DPx 
Transmit 
Single Frequency 
Distortion 
-46 
dBmO 
AT&T Advisory 
#64 
(3.8) 
Products 
(2916) 
o dBmO Input Signal 


DPR 
Receive Single Frequency 
Distortion 
-46 
dBmO 
AT&T Advisory 
#64 
(3.8) 
Products 
(2916) 
o dBmO Input Signal 


IMDl 
Intermodulation 
Distortion, 
, 


-35 
dB 
CCITT G.712 (7.1) 
End to End Measurement 
J 


IMD2 
Intermodulation 
Distortion, 
-49 
dBmO 
CCITT G.712 (7.2) 
End to End Measurement 


SOS 
Spurious Out of Band Signals, 
-25 
dBmO 
CCITT G.712 (6.1) 
End to End Measurement 


SIS 
Spurious 
In Band Signals, 
-40 
dBmO 
CCITT G.712 (9) 
End to End Measurement 


DAX 
Transmit 
Absolute 
Delay 
245 
J-Ls 
Fixed Data Rate. ClKx 
= 2.048 
MHz; 0 dBmO, 1.02 KHz Input 
Signal, Unity Gain. Measure 
at Dx. 


Dox 
Transmit 
Differential 
Envelope 
Delay 
170 
J-Ls 
f = 500 Hz to 600 Hz 
Relative to DAX 
95 
J-Ls 
f = 600 Hz to 1000 Hz 
45 
J-Ls 
f = 1000 Hz to 2600 Hz 
105 
J-Ls 
f = 2600 Hz to 2800 Hz 


DAR 
Receive Absolute 
Delay 
190 
J-Ls 
Fixed Data Rate, ClK 
= 2.048 


MHz; Digital Input is DMW 
Codes. Measure at PWRO + 


DOR 
Receive 
Differential 
Envelope 
Delay 
45 
J-Ls 
f = 500 Hz to 600 Hz 
Relative to DAR 
35 
J-Ls 
f = 600 Hz to 1000 Hz 
85 
J-Ls 
f = 1000 Hz to 2600 Hz 
110 
J-Ls 
f = 2600 Hz to 2800 Hz 
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.TRANSMIT 
CHANNEL 
TRANSFER 
CHARACTERISTICS 
Input amplifier 
is set for unity gain, inverting. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


GRX 
Gain Relative to Gain at 1.02KHz 
o dBmO Signal Input at VFxl- 


16.67Hz 
-30 
dB 


50 Hz 
I 
-25 
dB 


60 Hz 
-23 
dB 


200 Hz 
-1.8 
-0.125 
dB 


300 to 3000 Hz 
.~ 
.•... 
-0.125 
+0.125 
dB 


3300 Hz 
-0.35 
+0.03 
dB 


3400 Hz 
-0.7 
-0.10 
dB 


4000 Hz 
-14 
dB 


4600 Hz and Above 
-32 
dB 


5-77 


• 


inter 
2916/2917 


+1.0dB 


EXPANDED 


SCALE 
OdB 
-0.35 dB 
3300Hz 


-1.0dB 


OdB 
'/r 


-10dB 


-14dB 
:4000 Hz 


-20dB 


-30dB 
TYPICAL 


-.rodS 


-SO dB 


-60dB 


10Hz 
100Hz 
1 KHz 
10KHz 


270156-4 


Figure 4. Transmit 
Channel 
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RECEIVE 
CHANNEL 
TRANSFER 
CHARACTERISTICS 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


GRR 
Gain Relative to Gain at 1.02 KHz 
o dBmO Signal Input at DR 


Below 200 Hz 
+0.125 
dB 


200 Hz 
-0.5 
+0.125 
dB 


300 to 3000 Hz 
+0.125 
+0.125 
dB 


3300 Hz 
-0.35 
+0.03 
dB 


3400 Hz 
-0.7 
-0.1 
dB 


4000 Hz 
-14 
dB 


4600 Hz and Above 
-30 
dB 
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-10dB 


-20dB 


-30dB 


-40dB 


-50dB 


I 


-14dB 
4000Hz 


-30dB 
4600Hz 


10Hz 
I 
10KHz 
270156-5 


-60dB 
I 
100Hz 
I 
1 KHz 


Figure 5. Receive 
Channel 
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A.C. CHARACTERISTICS-TIMING 
PARAMETERS 


CLOCK 
SECTION 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


tcy 
Clock Period. ClK 
488 
ns 
fCLK = 2.048MHz 


tcLK 
Clock Pulse Width. ClK 
220 
ns 


tOCLK 
Data Clock Pulse Width 
220 
ns 
64 KHz 
:5:: fOCLK :5:: 2.048MHz 


tcoc 
Clock Duty Cycle. ClK 
45 
50 
55 
% 


tr• tf 
Clock Rise and Fall Time 
5 
30 
ns 


TRANSMIT 
SECTION, 
FIXED 
DATA 
RATE 
MODE(l) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


tozx 
Data Enabled on TS Entry 
0 
145 
ns 
0< 
CLOAO < 100 pF 


toox 
Data Delay from ClK 
0 
145 
ns 
o < CLOAO < 100 pF 


tHZX 
Data Float on TS Exit 
60 
215 
ns 
CLOAO = 0 


tSON 
Timeslot 
X to Enable 
0 
145 
ns 
0< 
CLOAO < 100 pF 


tSOFF 
Timeslot 
X to Disable 
60 
215 
ns 
CLOAO = 0 


tFSO 
Frame Sync Delay 
100 
tcLK 
ns 


RECEIVE 
SECTION, 
FIXED 
DATA 
RATE MODE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


tOSR 
Receive 
Data Setup 
10 
ns 


tOHR 
Receive 
Data Hold 
60 
ns 


tFSO 
Frame Sync Delay 
100 
tcLK 
ns 


NOTE: 
1. Timing 
parameters 
TDZX. THZX. and TSOFF are referenced 
to a high impedance 
state. 
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WAVEFORMS 


Fixed Data Rate Timing 


TRANSMIT 
TIMING 


~ 


y 
TIMESLOT 


lelK 
. 


CLK 
I 
2 
3 
4 
5 
I 
7 
• 


FSx '':) 
i 
I,.., 
I, 
I, 


270156-6 


CLK 


DX 


~ 
---,-----,=- 
-I J;-ISOff 


270156-7 


NOTE: 
1. All timing 
parameters 
referenced 
to VIH and VIL except 
tozx. 
tSOFF and tHZX which 
reference 
a high impedance 
state. 


RECEIVE 
TIMING 


CLK 


~ 


telK 
. 
j q'" 
, 
. 
,., 
r 
, 
'-so 
I, 
I, 


FS. 


270156-8 


CLK 


D. 


270156-9 


NOTE: 
1. All timing 
parameters 
referenced 
to VIH and VIL. 
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TRANSMIT 
SECTION, 
VARIABLE 
DATA 
RATE 
MODE(l) 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


tTSOX 
Timeslot 
Delay from DCLKx(2) 
140 
tox-140 
ns 


tFSO 
Frame Sync Delay 
100 
tcy-100 
ns 


toox 
Data Delay from DCLKx 
0 
100 
ns 
o < CLOAO < 100 pF 


tOON 
Timeslot 
to Dx Active 
0 
50 
ns 
o < CLOAO < 100 pF 


tOOFF 
Timeslot 
to Dx Inactive 
0 
80 
ns 
0< 
CLOAO < 100 pF 


tox 
Data Clock Period 
488 
15620 
ns 


tOFSX 
Data Delay from FSx 
0 
140 
"- 
ns 


" - 


RECEIVE 
SECTION, 
VARIABLE 
DATA 
RATE 
MODE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


tTSOR 
Timeslot 
Delay from DCLKR(3) , 
140 
tOR-140 
ns 


tFSO 
Frame Sync Delay 
100 
tCy-100 
ns 


tOSR 
Data Setup Time 
10 
ns 


tOHR 
Data Hold Time 
60 
ns 


tOR 
Data Clock Period 
488 
15620 
ns 


tSER 
Timeslot 
End Receive Time 
60 
ns 
~ 


64 KB OPERATION. 
VARIABLE 
DATA 
RATE MODE 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


tFSLX 
Transmit 
Frame Sync Minimum 
488 
ns 
FSx is TIL 
High for Remainder 
of 
Downtime 
Frame 


tFSLR 
Receive 
Frame Sync Minimum 
1952 
ns 
. FSR is TIL 
High for Remainder 
of 
Downtime 
Frame 


tOCLK 
Data Clock Pulse Width 
10 
/Ls 


/j, 


NOTES: 
1. Timing parameters tOONand tOOFFare referenced to a high impedance state. 
2. tFSLXminimum requirements overrides tTSDXmaximum spec for 64 KHz operation. 
3. tFSLRminimum requirements overrides tTSDRmaximum spec for 64 KHz operation. 
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VARIABLE 
DATA RATE TIMING 


TRANSMIT 
TIMING 


270156-10 


RECEIVE 
TIMING 


270156-11 


NOTE: 
1. All timing 
parameters 
referenced 
to VIH and VIL except 
tooN 
and toFF which 
reference 
a high impedance 
state. 


A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 


INPUT IOUTPUT 


2.4==x 2.0>TESTPOINTS< 
2.0x= 
0.8 
0.' 
0.45 
270156-12 


A.C. Testing: 
Inputs 
are driven 
at 2.4V for a Logic "I" and 0.45V for a Logic 
"0". 
Timing 
measurements 
are made 
at 2.0V for a Logic "I" and 


O.BV for a Logic 
"0". 
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APPLICATIONS 
INFORMATION 
2910A/2911A/2912A 


CODECINTERFACE 
CLOCK 
INTERFACE 


The 2912A PCM Filter is designed to directly inter- 
face to the 2910A and 2911A Codecs as shown be- 
low. The transmit path is completed by connecting 
the VFxO output of the 2912A to the coupling ca- 
pacitor associated with the VFx input of the 2910A 
and 2911A codecs. The receive path is completed 
by directly connecting the codec output VFR to re- 
ceive input of the 2912A VFRI.The PDN input of the 
2912A should be connected to the PDN output of 
the codec to allow the filter to be put in the power- 
down standby mode under control of the codec. 


To assure proper operation, the ClK 
input of the 
2912A should be connected to the same clock pro- 
vided to receive bit clock, ClKR of 2910A or 2911A 
Codec as shown below. The ClKO input of the 
2912A should be set to the proper voltage depend- 
ing on the standard clock frequency chosen for the 
codec and filter. 


"Gx 
••_-;--;---'- 
._--,-- 
-=2=9~10::.A::._ _ 
____, 
CMGITAl 
~ 


51G" _----=-..:..._.,...::.,,-_~-------.....,r-----i- 
vooPOWER SUPPLY 


ANALOG 
INPUT AND 1 
GAIN 
ADJUSTMENT 


LINE 
~ 
2912A 
} 


CONTAOl 
INPUTS 
FROM SYSTEM 


OUTPUT TO 
ELECTRONIC 
HYBRIDS 
PCM FRAME SYNCH 
AND BIT CLOCKS 
POWER AMPLIFIER 
INPUT 
r-+---" r---I---+- 
INPUT 
FROM PCM HIGHWAY 


POWER 
AMPLIFIER 
OUTPUT 
{ 
TO TRANSFORMER 
HYBRIDS 


GRDA 


~ 


GROD 
~ 
~~::D}~::'El~ES 
~~----------------~-~--VBB 


~GRDA 
tU 
OECOUPlING 
CAPACITORS 


Figure 1. A Typical 2910A Codec and 2912A Filter Configuration 
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2910A/2911A/2912A 


GROUNDING, 
DECOUPLlNG, 
AND 
LAYOUT 
RECOMMENDATIONS 


The most important steps in designing a low noise 
line card are to insure that the layout of the circuit 
components and traces results in a minimum of 
cross coupling between analog and digital signals, 
and to provide well bypassed and clean power sup- 
plies, solid ground planes, and minimal lead lengths 
between components. 


1) All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electro- 
lytic bypass capacitor (at least 50 fLF)per board 
is recommended at the point where all power 
traces from the codecs and filters join prior to 
interfacing with the edge connector pins as- 
signed to the power leads. 
2) 
When using two-sided PCBs, use both corre- 
sponding pins on opposite sides of the board for 
the same power lead. Strap them together both 
on the PCB and on the back of the edge con- 
nector. 
3) 
Layout the traces on codec- and filter-equipped 
boards such that analog signal and capacitor 
leads are separated as widely as possible from 
the digital clock and data leads. 
4) 
Connect the codec sample and hold capacitor 
with the shortest leads possible. Mount it as 
close to the codec CAP1X, CAP2X pins as pos- 
sible. Shield the capacitor traces with analog 
ground: 


5) 
Do not layout any board traces (especially digi- 
tal) that pass between or near the leads of the 
sample and hold capacitor(s) since they are in 
high impedance circuits which are sensitive to 
noise coupling. 
6) 
Keep analog voice circuit leads paired on their 
layouts so that no intervening circuit leads are 
permitted to run parallel to them arid/or 
be- 
tween them. 


7) 
Arrange the layout for each duplicated line, trunk 
or channel circuit in identical form. 


8) 
Line circuits mounted extremely close to adja- 
cent line circuits increase the possibility of inter- 
channel crosstalk. 


9) 
Avoid assignment of edge connector pins to any 
analog signal adjacent to any lead carrying digi- 
tal (periodic) signals or power. 


10) The optimum grounding configuration is to main- 
tain separate digital and analog grounds on the 
circuit boards, and to carry these grounds back 
to the power supply with a low impedance con- 
nection. This keeps the grounds separate over 
the entire system except at the power supply. 
11) The voltage difference between ground leads 
GRDA and GRDD (analog and digital ground) 
should not exceed two volts. One method of 
preventing any substantial voltage difference be- 
tween leads GRDA and GRDD is to connect two 
diodes back to 
back in opposite directions 
across these two ground leads on each board. 
12) Codec-filter pairs should be aligned so that pins 
9 through 16 of the filter face pins 1 through 12 
of the codec. This minimizes the distance for an- 
alog connections between devices and with no 
crossing analog lines. 


13) No digital or high voltage level (such as ringing 
supply) lines should run under or in parallel with 
these analog VF connections. If the analog lines 
are on the top (component side) of the PC 
board, then GRDD, GRDA, or power supply 
leads should be directly under them, on the bot- 
tom to prevent analog/digital coupling. 
14) Both the codec and filter devices should be 
shielded from traces on the bottom of the PCB 
by using ground or power supply leads on the 
top side directly under the device (like a ground 
plane). 


15) Two + 5V power supply leads (Vccl should be 
used on each PCB, one to the filters, the other 
to the codecs. These leads should be separately 
decoupled at the PCB where they then join to a 
single 5V supply at the backplane connector. 
Decoupling can be accomplished with either a 
series resistor/parallel capacitor (RC lowpass) 
or a series RF choke and parallel capacitor of 
each 5V lead. The capacitor should be at least 
10 fLF in parallel with a 0.1 fLF ceramic. This 
filters both high and low frequencies and accom- 
modates large current spikes due to switching. 


16) Both grounds and power supply leads must have 
low resistance and inductance. This should be 
accomplished by using a ground plane whenev- 
er possible. When narrower traces must be 
used, a minimum width of 4 millimeters should 
be maintained. Either multiple or extra large plat- 
ed through holes should be used when passing 
the ground connections through the PCB. 
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17) The 2912A PCM filter should have all power 
supplies bypassed to analog ground (GRDA). 
The 291OAl2911 A Codec + 5V power supplies 
should 
be 
bypassed to 
the 
digital 
ground 
(GRDD). This is appropriate when separate 
+ 5V power supply leads are used as suggested 
in item 15. The - 5V and + 12V supplies should 
be bypassed to analog ground (GRDA). Bypass 
capacitors at each device should be high fre- 
quency capacitors of approximately 0.1 to 1.0 
,...F value. Their lead lengths should be mini- 
mized by routing the capacitor leads to the ap- 
propriate ground plane under the device (either 
GRDA or GRDD). 


ZERO TRANSMISSION 
LEVEL POINTS 


2910A/2912A 
0 dBmO 


18) Relay operation, ring voltage application, inter- 


ruptions, and loop current surges can produce 
enormous transients. Leads carrying such sig- 
nals must be routed well away from both analog 
and digital circuits on the line card and in back- 
planes. 
Lead 
pairs 
carrying 
current 
surges 


should be routed closely together to minimize 
possible inductive coupling. The microcomputer 
clock lead is particularly vulnerable, and should 
be buffered. Care should also be used in the 
backplane layout to prevent pickup surges. Any 
other latching components (relay buffers, etc.) 
should also be protected from surges. 


19) When not used, the AUTO pin should float with 
minimum PC board track area. 


TRANSMIT 
FILTER 
ENCODER 
DECODER 
RECEIVE 
FILTER 
POWEA 
AMPLIfiERS 


2.15 dam 
1.01 
Vrma 
5.85 dim 
1.52 Yrms 


DIGITAL 
M'LUWA" 
CODES 
(OR 
EOUIV .• 
5.13 dIm 
1.48 Vrma 
5.15 dBm 
1.52 Yrm. 
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Note: See data sheet for latest specifications. Values given in thls application 
note are for reference only, and were considered correct at the time of publi- 
cation (Feb. 1982). 


1.0 INTRODUCTION 


This application note describes the features and capa- 
bilities of the 2913 and 2914 codec/filter combochips, 
and relates these capabilities to the design and manu- 
facturing of transmission and switching linecards. 


1.1 Background 


The 
first 
generation 
of 
per 
line 
codecs 
(Intel 


291OA/1IA) and filters (Intel 2912A) economically in- 
tegrated 
the 
analog-digital 
conversion 
circuits 
and 
PCM formatting circuits into one chip and the filtering 
and gain setting circuits into another chip. These two 
chips helped to make possible the rapid conversion to 
digital switching systems that has taken place in the last 
few years. 


The second generation of Intel LSI PCM telephony 
components, the 2913/14 Combochip, extends the level 
of integration of the linecard by combining the codec 
and filter functions for each line on a single LSI chip. 
In the process of combining both functions, circuit de- 
sign improvements have also improved performance, 
reduced external component count, lowered power dis- 
sipation, increased reliability, added new features, and 
maintained architectural transparency. 


The 2913 and 2914 data sheet contains a complete de- 
scription of both parts, including detailed discussions of 


each feature and specifications for timing and perform- 
ance levels. This application note, in conjunction with 
the data sheet, describes in more detail how the new 
and improved features help in the design of second-gen- 
eration linecards first by comparing the two generations 
of components to see where the improvements have 
been made, and then by discussing specific design con- 
siderations. 


1.2 Comparison of First- and Second- 
Generation Component 
Capabilities 


The combochip represents a higher level of component 
integration than the devices it replaces and, because of 
the economics of LSI (replacing two chips with one), 
ultimately will cost significantly less at the component 
level. But comparison of the combochip block diagram 
with first-generation single-chip codec and filter reveals 
few major functional differences. Figure 1 compares the 
first-generation codec and filter chips to the combo- 
chip. Both provide rigidly specified PCM capabilities of 
voice signal bandlimiting and nonlinear companded 
AID and DI A conversion. The first on-chip reference 
voltage was introduced in the 2910/2911 single-chip 
codecs and is included in the combochip. The provision 
of uncommitted buffer amplifiers for flexible transmis- 
sion level adjustment and enhanced analog output drive 
was a feature of the now standard 2912 switched-capac- 
itor PCM filter is available on the combochip. Like- 


TRANSFORMER TRANSMISSION 
PCM 
ORIVER 
LEVELCONTROL 
LOWPASS 


SINGLE'CHIP PCMFILTER 


pORA-LAW 
ENCODING 
TllIESLOT 
CONTROL 


SINGLE-CHIPPCMCODEC 
I 
I 
____________________ 
~~M.!O:~I~ 
I 


210314-1 


Figure 1_LSI Partitioning 
of Codec/Fllter 
Functions 
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wise, independent transmit (A/D) and receive (0/ A) 
analog voice channels which permit the two channels to 
be timed from independent (asynchronous) clock sourc- 
es is common to the first- and second-generation devic- 
es. Finally, the ability to multiplex signalling bits on a 
bit-stealing basis from the digital side of the device has 
been duplicated on the combochip. 


diagnostic software, the bulk of the production costs 
are in the high-volume linecards. The combochip ad- 
dresses these cost pressures and defers the appetite for 
new integrated functions to a future generation of PCM 
components. 


Data traffic-conscious systems manufacturers now pro- 
vide dedicated codec, filter, and subscriber interface 
functions on a per-subscriber basis, which in turn puts 
intense cost pressures on these functions. The function- 
al duplication of first-generation components addresses 
the needs of the system manufacturer 
who wants to 
cost reduce existing fixed-architecture system designs. 
Whereas the bulk of the system development costs (and 
time) are in the switching machine call processing and 


Figure 2 contains the block diagram of the 2913/14 
combochip which illustrates not only the basic com- 
panding and filtering functions but also some of the 
changes and new features contained in the second-gen- 
eration devices, such as internal auto zero, separate 
ADC and DAC for transmit and receive sections, re- 
spectively, precision gain setting (RCV section), and in- 
put/output 
registers for both fixed and variable data 
rates. Table 1 lists many of the features that are impor- 
tant to linecard design and performance. A direct com- 
parison between rust-and second-generation products 


Table 
1. Comparison 
between 
2913/14 
Combochip 
and the 
2910A/11A112A 
Single-Chip 
Codecs 
and Filters 


Features 
2910A/11A 
plus 2912A 
2913/14 


Power 
Operating 
280-310 
mW 
140mW 


Standby 
33mW 
5mW 


Pins 
38-40 
20-24 


Board Area Including Interconnects 
Normalized = 1.0 
0.33 


Data Rates 
-Fixed 
1.536, 1.544, 2.048 Mbps 
Same 


-Variable 
None 
64 Kbps -+ 2.048 Mbps 


Companding Law 
-/J--Law 
2910 + 2912 
Strap Selectable 


-A-Law 
2911 + 2912 


PSRR 
1 KHz 
30dB 
>35dB 


> 10 KHz 
NotSpec'd 
> 35dB 


Gain Setting 
Trim Using Pot Necessary 
Precision Resistors 
Eliminate Trim Req. 


Operating Modes 
Direct 
Yes 
Yes 


Timeslot Assign 
Yes 
No 


On-Chip VREF 
Yes 
Yes 


ICN - 
Half Channel Improvement 
15 dBrncO Transmit 
15 dBrncO Transmit 
11 dBrncO Receive 
11 dBrncO Receive 


StD - 
Half Ohannellmprovement 
See Data Sheet 
See Section 2.0 


GT - 
Half Channel Improvement 
See Data Sheet 
See Section 2.0 


Power Down (Stand by) 
PDN Pin 
Frame Sync Removal or PDN Pin 


Signalling 
2910-8th Bit 
2914-8th Bit 


Auto Zero 
External 
Internal 


S&HCaps 
External Transmit 
Internal 
Internal Receive 


Test Modes 
None 
Design Tests 
Manufacturing Test 
On-Line Operational Tests 


Encoder Implementation 
Resistive Ladder 
Capacitive Charge Redistribution 
Ladder 


Filter/Gain Trim 
Fuse Blowing ± 0.2 dB 
Fuse Blowing ±0.04 dB 
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(a) Combochlp Block Diagram 
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Transmit 
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Transmit 
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Figure 2. Block Diagram of 2913/14 Combochlp 
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shows the significant improvement in the combochip 
both in performance levels and system flexibility. 


2.0 
DESIGN 
CONSIDERATIONS 


The key point with the 2913/14 is that it will result in a 
Iinecard that performs better and costs less than any 
two-chip codec/fiIter solution. The lower cost results 
from many factors, as seen in Table 2. Both direct re- 
placement costs and less tangible design and manufac- 
turing time savings combine to yield lower recurring 
and nonrecurring costs. As an example, the wider mar- 
gins to transmission specs and the higher power supply 
rejection ratios of the 2913/14 will both shorten the 
design time needed to build and test the linecard proto- 
type and reduce the reject rate on the manufacturing 
line. 


Table 2. 2913/14 Factors which Lower the Cost 
of Linecard Design and Manufacturing 


• Lower LSI Cost (2914 vs. 2910/11 + 
2912) 
• Fewer External Components 
• Less Board Area 
• Shorter Design/Prototype Cycle 
• Better Yields/Higher Reliability 
• Lower Power/Higher Density 


Part of the recurring cost ofJinecard production is the 
efficiencyof the manufacturing line in turning out each 
board. This is measured in both parts cost and time. 
Average manufacturing time is strongly effected by the 
line yield, i.e., the reject rate reliability. A linecard us- 
ing the 2913/14 has many labor-saving features, which 
also increases the reliability 
of the manufacturing pro- 
cess. Some of these features are detailed in Table 3. 


The combination of fewer parameters to trim (gain, ref- 
erence voltage, etc.), tolerance to wider power supply 
variations, and on-chip test modes make the linecard 
very manufacturable compared to first-generation de- 
signs. 


Probably the most obviousimprovement in linecard de- 
sign based around the 2913/14 is the reduction in line- 
card PCB area needed compared to two-chip designs. 
The combination of the codec and filter into a single 
package alone reduced the LSI area by one-third. Table 
4 shows many of the other ways in which board area is 
conserved. In general, it reduces to fewer components, 
more on-chip features, and layout of the chip resulting 
in an efficient board layout which neatly separates the 
analog and digital signals both inside the chip and on 
the board. 


, 
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Table 3. 2914 Fac,ors which Increase Llnecard 
Manufacturing Yields and Efficiency 


• Higher Reliability 
-Fewer 
connections and components 
-More 
integrated packaging 
-More 
margin to specs 
-Lower 
power 
-NMOS 
proven process 
-Less 
sensitiveto parameter variations 


• Fewer Manufacturing Steps 
-No 
gain trimming 


-On 
chip V REF 
-Wide 
power supply tolerance 


-On 
chip test modes 
-Wide 
margins to spec 


; 


Table 4. Design Factors for 2914 which Reduce 
Llnecard PCB Area 


• Integrated Packaging 
-2914 
vs. 2910/11 + 2912 
= 1/3 board area 
-2913 
takes even less space 


• Fewer Interconnects/Components 


-Codec/fiIter 
combined 


-On-chip 
reference voltage 


-On-chip 
auto zero 


-On-chip 
capacitors 
-No 
gain trim components 
-No 
voltage regulators 


• Efficient Layout (Facilitates Auto Inser- 
tion) 
-Analog/digital 
sections separated on 
chip 


-Digital 
traces can cross under chip 


-Two 
power supplies only 
-Low 
power/high density 
• 
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Table 5. 2913/14 
Operating 
Mode Options Add Flexibility 
to Linecard 
Design 


Results of Mode Selection 


,- 


Option 
Mode Control 
Pins 
2914 (24 Pin) 
I 
2913 (20 Pin) 


Companding 
Law 
SIGX/ASEL 
A-Law or u-Law + Signalling 
I A-Lawl/L-Law, 
no Signalling 


Power Down 
PDN 
Transmit & Receive Side Go To Standby 
Power (5 mW) 


FSx & FSR Removed 
Same (12 mW) 


FSx Removed 
Transmit 
Side Goes to Standby 
(110 mW) 


FSR Removed 
Receive Side Goes to Standby 
(70 mW) 


Data Rate 
= Vcc/GRDDlVss 
1.536/1.544/2.048 
Mbps in Fixed Data Rate Mode 


DCLKR = Ves 


= Vcc/GRDDlVss 
Variable 
Data Rate Mode from 64 Kbps to 2.048 Mbps, 
DCLKs = Clock 
No Signalling 


Test Modes 
LOOP = VCC 
Implements 
Analog Loopback 
I No Loopback 
Capability 


PDN = Vss 
Provides Access to Transmit 
Codec Through 
ASEL and TSX 
Pins 


OR = Vaa 
Provides Access to RCV Filter Input at DCLKR and Transmit 


, 
Filter Outputs 
at ASEL and TSX Pins 


Many of the factors discussed-which 
result in effi- 


cient, cost-effective linecard designs-are 
discussed in 
more detail both in the 2913/14 data sheet and in the 
following sections of this note. 


2.1 Operating 
and Test Mode 
Selection 


A key to designing with the 2913/14 combo is the wide 
range of options available in configuring, either with 
strap options or in real time, the different modes of 
operation. The 2913 combochip (20 pins) is specifically 
aimed at synchronous switching systems (remote con- 
centrators, PABXs, central offices) where small pack- 
age size is especially desirable. The 2914 combochip (24 
pins) has additional features which are most suitable for 
applications requiring 8th-bit signalling, asynchronous 
operation, and remote testing of transmission paths 
(e.g., channel banks). Once the specific device is select- 
ed, there is a wide range of operating modes to use in 
the card design, as seen in Table 5. This table lists the 
optional parameters and the pins which control the op- 
erating mode. The result of selecting a mode is listed for 
both the 2913 and 2914. 


The purpose of offering these options is to ensure that 
the 2913/14 
combo will accommodate 
any existing 
linecard design with architectural transparency. At the 
same time, features were designed in to facilitate design 
and manufacturing testing to reduce overall cost of de- 
velopment and production. 


2.2 
Data Rate Modes 


Any rapid conversion scenario 'presumes that the com- 
bochip will fit existing system architectures (retrofit) 


without significant system timing, control, or software 
modifications. To this end, two distinct user-selectable 
timing modes are possible with the combochip. For 
purposes of discussion, these are designated (a) fixed 
data rate timing (FORT) and (b) variable data rate tim- 
ing (VORT). 


FORT is identical to the 2910/2911 codec timing in 
which a single high-speed clock serves both as master 
clock for the codec/filter internal conversion/filtering 
functions and as PCM bit clock for the high-speed seri- 
al PCM data bus over which the combochip transmits 
and receives its digitized voice code words. In this 
mode, PCM bit rates are necessarily confined to one of 
three distinct frequencies (1.536 MHz, 1.544 MHz, or 
2.048 MHz). Many recently designed systems employ 
this type of timing which is sometimes referred to as 
burst-mode timing because of the low duty cycle of 
each timeslot (i.e., channel) on the time division multi- 
plexed PCM bus. It is possible for up to 32 active com- 
bochips to share the same serial PCM bus with FORT. 


VORT (sometimes referred to as shift register timing), 
by comparison, utilizes one high-speed master clock for 
the combochip internal conversion/filtering 
functions 
and a separate, variable frequency, clock as the PCM 
bit clock for the serial PCM data bus. Because the serial 
PCM data rate is independent of internal conversion 
timing, there is considerable flexibility in the choice of 
PCM data rate. In this mode the master clock is per- 
mitted to be 1.536 MHz, 1.544 MHz, or 2.048 MHz, 
while the bit clock can be any rate between 64 KHz and 
2.048 MHz. In this mode it is possible to have a dedi- 
cat~d serial bus for each combochip or to share a single 
senal PCM bus among as many as 32 active combo- 
chips. 
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Thus, the two predominant timing configurations of 
present system architectures are served by the same de- 
vice, allowing, in many cases, linecard redesign without 
modification of any common system hardware or soft- 
ware. Additional details relating to the design of sys- 
tems using either mode are found in section 3.0. 


2.3 Margin to Performance 
Specifications 


The combochip benefits from design, manufacturing, 
and test experience with first-generation PCM products 
on the part of the system manufacturer, 
component 
suppliers, and test equipment suppliers. The sub-milli- 
volt PCM measurement levels and tens of microvolts 
accuracy requirements on the lowest signal measure- 
ments often result in tester correlation problems, yield 
losses, and excess costs for system and PCM compo- 
nent manufacturers alike. Thus additional performance 
margin built into the PCM components themselves will 


have its effect on line circuit costs even though the sys- 
tem transmission specifications may not reflect the im- 
proved performance margin. 


Half channel measurements have been made of the 
transmission parameters-gain 
tracking (OT), signal to 
distortion ratio (S/D), and idle channel noise (ICN). 


Gain Tracking-Figure 
3 shows the gain tracking data 
for both the transmit and receive sides of the combo 
using both sine wave testing (CCITT 0712.11 Method 
2) and white noise testing (CCITT 0712.11 Method I). 
The data shows a performance very nearly equal to the 
theoretically best achievable using both test techniques. 
End to end measurements, although not spec'd, also 
show a corresponding good performance with errors 
less than or equal to the sum of the half channel values. 


Signal to Distortion Ratio-This 
is a measure of the 
system linearity and the accuracy in implementing the 
companding codes. Figure 4 shows the excellent perfor- 


Gain Tracking Error Versus Signal Level 
2914 Combo AID 
Sinusoidal Test (CCITT G712.11 Method 2) 


-2 


t 
a:oa: 
15 
.5 
" 
Z 
0 
g 


: 
-.5 
... 


~ 
-1 


210314-3 
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2914 Combo DIA 
White Noise Test (CCITT G712.11 Method 1) 
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Figure 3. 2914 Half Channel Gain Tracking Performance Measurements 
for Both Sine and Noise Testing 
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Figure 4. 2914 Half Channel Signal to Distortion Ratio (S/D) Performance Measurements 
for Both Sine and Noise Testing 
, 


mance of the 2914 for both the transmit (AID) and 
receive (D/ A) channels using sine wave and noise test- 
ing. The margin is greater than 3 dB above the half 
channel spec which means that a larger error budget is 
available to the rest of the channel. 


Statistical Analysis--A 
statistical analysis of G.T. and 


. SID measurements over many devices shows a very 
tight distribution, as seen in Figure 5. There are several 
consequences resulting from this highly desirable distri- 
bution: (I) the device performance is controllable, re- 
sulting in high yields, (2) the device circuit design is 
tolerant of normal process variations, thereby ensuring 
predictable production yields and high reliability, and 
(3) understanding of the circuit design and process fun- 
damentals is clearly demonstrated-largely 
as a result 
of previous telephony experience with the Intel NMOS 
process. 


Idle Channel Noise-The 
third transmission parameter 
is idle channel noise (ICN). Figure 6 gives half channel 
ICN measurements which show a substantial margin to 
specification. 


Power Supply Rejection-Circuit 
innovation in the in- 
ternal combochip design has resulted in significant im- 
provements in power supply rejection in the 5 to 50 
KHz range (Figure 7), and it is this frequency band 
which usually contains the bulk of the switching regula- 
tor noise. These higher frequencies, outside the audio 
range as they are, are not objectionable or even detect- 
able in the transmit direction except to the extent that 
they alias into the audio range as a result of internal 
sampling processes in the transmit filter and AID con- 
verter. Sampling techniques in the combochip minimize 
this aliasing. In the receive direction, excess high fre- 
quency noise which propagates onto the subscriber loop 
can interfere with signals in adjacent wires and is thus 
objectionable even without aliasing. The symmetrical 
true differential analog outputs of the combochip are an 
improvement from earlier designs which failed to main- 
tain true power supply symmetry through the output 
amplifiers. Not only does the differential design im- 
prove transmission performance, but it also reduces the 
need for power supply bypass capacitors, thereby sav- 
ing component cost on the Iinecard. 
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Figure 5. Statistical Analysis of Transmission Performance Showing 
Tight Distribution Over Many Devices 
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Figure 6. 2914 Idle Channel Noise (ICN) 
Measurements 


Autozero-- The autozero circuit is contained complete- 
lyon-chip. It automatically centers the signal/noise dis- 
tribution at the encoder input. This ensures minimal 
ICN due to bit toggling and also maintains maximum 
sensitivity to the AC signals of interest. 


2.4 Power Conservation 


Figure 8 illustrates typical power consumption and of- 
fice equipment dissipation for a resistive line biasing 
arrangement (with no loop current limiting) and for the 
per-line PCM components. It can be seen that overall 
line circuit power consumption and dissipation are 
strong functions of subscriber loop resistance, and are 
dominated by line biasing current regardless of loop 
length. It can also be seen that the combochip achieves 
significant reductions in PCM component contribu- 
tions 
relative 
to 
both 
the. 
291OA/2912A 
and 
2910/2912. Present residential traffic characteristics 
are such that the PCM components are active less than 
10% of the time, and in its low-power standby state, 
the combochip power dissipation drops to typically 
5 mW as the line current (and dissipation) goes to its 
background on-hook leakage level of typically a few 
milliwatts (but for very leaky lines,as much as 50mW- 
500 mW). 


The concern for Iinecard power consumption and dissi- 
pation is related both to the cost of providing power 
and to the system density problem involvingconvection 
heat removal from the linecards. Consequently, much 
recent line circuit development activity centers on elim- 
ination of the inefficient resistive line current feed both 
by current limiting in short loops and by more exotic 
and expensiveper-line de-de converters. For both pres- 
ent-generation designs and cost-reduction redesigns, 
the 
typical 
combochip 
dissipation 
of 
140 mW 
active/5 mW standby will allow system board paCking. 
density improvements and power supply cost reduc- 
tions. 


A closer look at the effectof loading (duty cycle)on the 
average power dissipation of a combochip is given in 
Table 6. Typical loading percents run as low as 5% for 
very large switching systems (thousands of lines) up to 
100% in nonswitching applications such as channel 
banks. Clearly, the average power dissipation in a typi- 
cal switching system is below 35 mW which facilitates 
board packing density and cost of power considera- 
tions. 


Table 6. Typical Power Dissipation Per Line 
Using 2914 Combochip 


Duty 
Power 
Cycle 
Dissipation 


Central 
5% 
12mW 
Office 


PABX 
15% 
25mW 


Peak Hour 
50% 
73mW 
C.O. 


Channel 
100% 
140mW 
Bank 
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Figure 
7. Wide band 2914 Power 
Supply 
Rejection 
Ratio 
(PSRR) 
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Figure 
8. Line Circuit 
Power 
Consumption 
and Dissipation 
Curves 
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2.5 
Elimination of Gain Trim in the Line 
Circuit 


has previously been in the nominal insertion loss of the 
PCM filter and in the uncertainty of the reference volt- 
age of the codec. With this cumulative 0.15 dB uncer- 
tainty in the PCM components themselves, the system 
manufacturer had no choice but to resort to the cost 
and manufacturing complexity of the active trim. The 
combochip, however, can be trimmed during its manu- 
facture to a nominal tolerance of ±0.04 dB which in- 
cludes uncertainties in both the filter and codec voltage 
reference functions. This leaves 0.21 dB uncertainty to 
variations in the other line circuit elements and to tem- 
perature and supply variations. 


Four resistors-RI-R4 
of Figure 9-<>n the transform- 
er side of the PCM components are used to establish 
appropriate 
transmission levels at the PCM compo- 
nents and are, at first glance, equivalent in the two eas- 
es. However, a significant reduction in linecard manu- 
facturing costs associated with individual line trim (or 
mop-up) is possible with the combochip. The need for 
this trim is dictated by system gain contrast specifica- 
tions which typically require that the line-to-line gain 
variation shall not exceed 0.5 dB, which translates to 
0.25 dB for each (transmit and receive) channel. Table 
7 shows that the major portion of this gain variation 
The variation in combochip gain with supply and tem- 
perature has also been improved to allow as low as 
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(b) Line Circuit Using Combochlp 


Figure 9_Schematics 
of the Codec/Filter 
Function 
and the 2/4 Wire Hybrid Transformers 
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Table 7. Gain Trim Budget for Codec/Fllter 
Functions 


Device 
Manufacturing 
Uncertainty 
~T 
Total 
Variation- 
Budget 
(Initial) 
~Supplies 
for Other Components 


2910 
±O.1 
±0.1 
2912 
±0.05 
±0.05 
±0.15 
±0.15 
±0.3dB 
OdB 


2914 
±0.04 
±0.08 
±0.12 dB 
,. 
±0.13 dB 


•Assumes 
0.5 dB end to end gain contrast 
specifications. 


0.08 dB variation over supplies and temperature so that 
more than half the system specification could be re- 
served for transformer, wiring, and resistor uncertain- 
ties. This possibility of using fixed precision gain trim 
components and abandoning the active trim holds the 
potential for simplification and cost reduction of the 
line board manufacturing process. 


2.6 
Power Up/Down 
Considerations 


Power Supply Sequence-- There are no requirements 
for a particular sequence of powering up the combo- 
chip. All discussions of power up or power down tim- 
ing assume that both Vcc and VBBare present. 


Power Up Delay-Upon 
application of power supplies, 
or coming out of the standby power down mode, three 
circuit time constants must be observed: (1) digital sig- 
nal timing, (2) autozero timing, and (3) filter settling. 
An internal timing circuit activates SIF" Ox, and TSx 
approximately two or three frames after power up. Un- 
til this time, SIGr is held low and the other two signals 
are in a tri-state mode. During this time, SIGx will have 
no effect on the PCM output. 


Power Down Modes-These 
modes are described in de- 
tail in Table 3 of the 2913/14 data sheet except for a 
fail-safe mode in case CLKx is interrupted. 
If this 
should happen, both Ox and TSx go into the tri-state 
mode until the clock is restored. This ensures the safety 
of the PCM highway should the interrupted clock be a 
local problem. 


3.0 OPERATING 
MODES 


There are three basic operating modes that are support- 
ed by the 2913/14: fixed data rate timing (FORT), vari- 
able data rate timing (VORT), and on-line testing. 


3.1 
Fixed Data Rate Mode 


The FORT mode is described in some detail in both 
section 2.2 of this note and in the 2913/14 data sheet. 
In addition, Intel Application Note AP-64 (Data Con- 


version, Switching, and Transmission using the Intel 
291OA/2911A codec and 2912 PCM filter) also de- 
scribes the basics of using the fixed data rate mode for 
first-generation codecs and filters which is essentially 
the same as for the 2913/14 second-generation combo- 
chip. 


3.2 Variable Data Rate Mode 


The VORT mode is described in some detail both in 
section 2.2 and in the 2913/14 data sheet. This section 
focuses on two design aspects: (1) the advantage of 
clocking data on the rising edges of the clock for trans- 
mit and receive data, respectively, and (2) making the 
2913/14 transparent in previously designed systems (a 
retrofit, cost reduction redesign). 


Clock Timing-The 
2913/14 is ideally set up to trans- 
mit and receive data, using the same clock, with no race 
conditions or other marginal timing requirements. This 
is accomplished by transmitting data on the rising edge 
of the first clock pulse following the data enable pulse 
FSx and receiving data on the falling edge of the clock 
which is directly in the middle of the Ox data pulse. 
Several manufacturers use leading edge timing for both 
transmit and receive requiring an inversion of the re- 
ceive clock. 


Figure 10 shows the transmit and receive clock and 
data timing for an entire time slot of data. A closer look 
at the timing functions is given in Figure 11 which 
looks specifically at the first clock cycle after the trans- 
mit data enable FSx. 


According to the 2913/14 data sheet, the frame sync/ 
data enable FSx must precede the clock (OCLKx) by 
at least Ttsdxor nominally 15 ns for that clock pulse to 
be recognized as the first clock pulse in the time slot. In 
actuality, the 2914 will allow FSx to lag up to 80 ns the 
OCLKx rising edge and recognize it as the first clock 
pulse in a 2.048 MHz system. 


Once FSx has reached VIH of about 2V, the Ox output 
will remain in the tri-state high-impedance mode for 
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NOTE: 
All timingparameters referenced to VIH and VIL except tOONand toFF whichreference a highimpedance state. 
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Figure 10. Variable 
Data Rate Timing for an Entire Time Slot 


Tdonor about 34 ns longer. It then comes out of tristate 
and will represent some data which is invalid until the 
valid data is available TDDX or about 75 ns (100 ns 
worst case) after the clock rising edge. This means there 
is about 90 .ns of invalid data after the tri-state mode. 
At this point there is valid data on the DX highway 
that lasts for approximately one full clock cycle. 


Since the Dx highway is tied directly to the D, high- 
way in digital loopback, the valid data above is now 
available to the receive channel with some propagation 
delay. The receiver is only interested in the data for 
about a 50 ns (110 ns worst case) window centered 
about the falling edge of the DCLKr clock which oc- 
curs about half a clock cycle from the FSr rising edge. 
The window width is equal to the data set-up time. 
Tdsr, plus the clock fall time, Tr, plus the data hold 
time, Tdhr- Information at any other time on the D, 
highway falls into the DON'T CARE category. 


Retrofitting the 2913/14-Several 
switching/transmis- 
sion systems have been designed using first-generation 
codecs which operate at data rates from 64 Kbps to 
2.048 MBps. In addition, they may have been designed 
using the rising clock edges for both transmit and re- 
ceive data. 


Other aspects of these older designs could be relative 
skewing between the sync pulses (Data Enable) and the 
clock pulses in such a way that the sync pulse occurs 
after (Lags) the first clock pulse rising edge. All of these 
conditions can be easily handled using the variable data 
rate timing mode of the 2913/14 plus some simple ex- 
temallogic. 
By the addition of this logic, the 2913/14 
becomes transparent to the older design thereby allow- 
ing an upgrade in performance while having no impact 
on backplane wiring or on system control hardware/ 
software. In addition, 
many of the features of the 
2913/14 may be incorporated, such as the test modes, 
which provide additional 
capabilities 
beyond those 
available in the original design and at a lower cost. 


The circuit diagram in Figure 12 shows the maximum 
amount of additional random logic that could be neces- 
sary to make the 2913 or 2914 completely transparent 
at the linecard level (no impact on backplane wiring or 
timing). The inverter on DCLKR inverts all the receive 
clocks for each linecard. This inverter is only needed if 
(1) the transmit and receive clocks are inverted at the 
systemlbackplane level (as opposed to the linecard lev- 
el) and (2) the previous design used only rising (or fall- 
ing) edges to clock the transmit/receive 
data. 
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3.3 On-Line Test Modes 


Figure 11.Waveform Timing Diagrams for the 2913/14 


4.1 Design/Prototype 
Testing 


Two modes are available which permit maintenance 
checking of the linecard up to the SLIC/combochip 
interface, including the PCM highways and time slot 
interchanges. Tests include time slot-dependent error 
checking. The two test modes are called "redundancy 
testing" and "analog loopback." These test modes are 
described in detail in Section 4.3. 


4.0 MULTIMODE TEST CAPABILITIES 


The 2913/14 was designed with every phase of design, 
manufacturing, and operation taken into consideration. 
In particular, several test modes have been implement- 
ed within the device with essentially no increase in the 
package size or pin count. These test modes fall into 
three categories: design/prototype tests, manufacturing 
tests, and on-line operation tests; see Table 8. 


In the design of a linecard prototype or in the qualifica- 
tion of a device, it is often helpful to have direct access 
to the internal nodes at key points in the LSI system. 
Some manufacturers even dedicate pins specifically for 
this function. The Intel 2913/14 approach was to re- 
duce cost by using multifunction pins and smaller pack- 
ages to achieve this goal. Measurements through these 
multipurpose pins will typically yield full device capa- 
bility against performance specifications, however these 
measurements are not included in the device specifica- 
tions. This is done for two reasons: first, to save manu- 
facturing cost by eliminating unnecessary tests and 
specifications, and, second, more cost effective manu- 
facturing test techniques are available, as discussed in 
section 4.2. 
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Figure 12.Circuit Diagram Showing Connections 
Needed to Retrofit the 2913/14 
Into Existing Variable Data Rate Systems 


Table 8. Multimode Testing for Each Level from 
Design to On-Line Operation 


• Design/Prototype 
Testing 
- 
Direct access to transmit codec inputs 
- 
Direct access to the receive filter input 
and the transmit filter differential out- 
puts 


• Manufacturing Tests 
- 
Standard half channel tests for com- 
bined codec/filters 
- 
Filter response half channel measure- 
ments 


• Operation On-Line Tests 
- 
Analog loopback for testing PCM and 
codec analog highways 
- 
Redundancy 
checks 
with 
repeatable 
DX outputs 
. 


Table 9 gives the input control pin values and the corre- 
sponding functions assigned to the key test pins on the 
2914 for the design test modes. 


Transmit Coded (Encoder)-The 
transmit filter can be 


bypassed by directly accessing the differential input of 5 
the transmit encoder with an analog differential drive 
signal. Table 9 shows the control pin voltages and the 
input pins for this test. This test mode pennits DC test- 
ing of the encoder which is otherwise blocked by the 
AC coupling (Iow frequency reject filter) of the trans- 
mit filter. 


Transmit and Receiver Filter-Table 
9 shows the con- 


trol values that permit access to the differential outputs 
of the transmit filter and the single-ended input to the 
receive filter. The voltage difference between the trans- 
mit filter outputs represents the filtered output that will 
be encoded. By driving VFxI (single ended or differen- 
tially), the transmit filter response is obtained as a dif- 
ferential output. The final stage is the 60 Hz reject filter 
which is a switched capacitor filter sampled at an 
8 KHz rate. When measured digitally 
(after the encod- 


er), the filter characteristic is obtained directly: howev- 
er, when measured in analog, a sin (wT/2)/wT/2 
cor- 


rection factor must be included. 
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Table 9. 2914 Test Functions 
and Control Inputs for the Design Test Modes 


Input 
Pin Function 
(24-Pln) 
Test 


PDN 
DR 
Pin 9 
Pin 17 
Pin 18 
Function 
DCLKR 
TSx/DCLKx 
SIGx/ASEL 


O-Vee 
O-Vee 
DCLKR 
TSx/DCLKx 
SIGx/ASEL 
Normal Operation 


Vss 
O-Vee 
- 
+VFX 
-VFX 
Encoder 


O-Vee 
VSB 
VFRI 
+VFXO 
-VFXO 
RCV, XMIT Filter 


NOTES: 
The terms 
used above 
are defined 
as: 
± VFX = Encoder 
Input 
±VFXO 
= XMIT 
Filter Output 
VFRI 
= ReV 
Filter Input 


The input to the receive filter first passes through a 
sample and hold. This is necessary to simulate the 
sin (wT/2)/wT/2 
characteristic that results from the 
decoder D/ A output. The net result is a filter charac- 
teristic that can be compared directly to the specifica- 
tions. 


Start-up Procedure for Test Modes-To 
place the 
2913/14 in the test mode it is first necessary to operate 
the devicefor a few ms in normal operation. Then YBB 
can be applied to the control pins to select the desired 
test access. 


4.2 
Production 
Testing 


While it may be convenient for the designer to have 
access to both the filter and the codec inputs and out- 
puts during the design or evaluation phase the final 
product will always use the filter and codec circuits 
together with all signals passing through both on the 
way to or from the PCM highways. It therefore makes 
sense to perform all manufacturing measurements with 
the deviceconfigured in its normal operating mode, i.e., 
all measurements should be complete filter/codec half 
channel measurements. This approach not only tests 
the combo as it will actually be used, but also saves 
time and money by eliminating separate measurements 
and correlation exercises to determine the full half 
channel performance. 


Since the transmission specifications of S/D, 
gain 
tracking, and ICN all require measurements which are 
"in-band" or "filter independent," the codec functions 
can be easily tested using conventional half channel 
measurement equipment. The apparent difficulty arises 
in trying to fully measure the filter characteristics be- 
yond the half sampling frequency of 4 KHz. In fact, 
this is not really a problem with today's computer- 
based testing plus an understanding of the sampled data 
process which is discussed under "Filter Testing". 


ENCODER/DECODER 
TESTING 


Transmission. specifications are AC-coupled in-band 
measurements when using either ccnT G.712.11 
methods I & 2 (white noise testing and sinusoidal test- 
ing, respectively) or AT&T Pub 43801 (Sinusoidal 
Testing). The noise testing uses a narrowband of flat 
noise from 300 to 500 Hz to drive the filter/ codec (ei- 
ther in analog or the equivalent digital sequence for the 
transmit/receive channels, respectively). The resulting 
harmonic products are used to determine S/D. Like- 
wise, gain tracking is also determined from this signal 
input. Sinusoidal testing uses a tone at 1.020 KHz for 
S/D measurements and gain tracking measurements. 
Idle channel noise measurements require the combined 
filter/ codec since it has long been shown that separate 
measurements of filters and codecs are difficult to relate 
to the combined measurement (usually there is no spe- 
cificrelationship because of the non-linear properties of 
the encoder/decoder operations). Typically the fre- 
quency response of ICN measurements is primarily de- 
termined by the weighting filter (either C message or 
psophometric, which are both AC-coupled, bandpass 
type filters). 


The conclusion is that combined filter!codec testing in 
no way limits the measurement of half channel trans- 
mission parameters of S/D, G.T., or ICN. 


FILTER 
TESTING 


Testing the filter response, of the transmit and receive 
channels presents two separate test situations which, in 
some ways, are mirror images of one another. With the 
transmit side, signals may be introduced at any fre- 
quency to test the filter response. At the output of the 
filter, the resulting signals are sampled at 8 KHz and 
digitized resulting in a sequence of PCM words repre- 
senting the samples of filtered input signal. On the re- 
ceive side, a digital PCM sequence of samples repre- 
senting the driving signal is converted to an analog sig- 
nal by the decoder and can be measured at the filter 
output in analog form. 
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Sampling 
Process-s-In 
both 
cases 
of testing 
the filter, 
the signal 
eventually 
is in a sampled 
form. 
Since the 
sampling 
rate 
is fixed 
at 8 KHz, 
all signals 
must 
be 
represented 
below 
4 KHz 
(half the sampling 
frequen- 
cy). This means 
that the PCM 
bit stream 
can only rep- 
resent 
signals 
at frequencies 
below 
4 KHz. 
If a signal 
above 4 KHz 
is sampled, 
those samples 
appear 
exactly 
as if the signal was at a frequency 
mirror 
imaged 
about 
4 KHz. 
Two 
examples 
include 
signals 
at 5 KHz 
and 
7 KHz 
which 
will result 
in samples 
that 
look like sig- 
nals of 5-8 KHz 
= 3 KHz 
and 7-8 KHz = 1 KHz, 
respectively. 


Conversely, 
the sampling 
process produces 
replicas 
(ali- 
asing) 
of the 
sampled 
signal 
around 
multiples 
of the 
sampling 
frequency. 
Therefore, 
if two signals are intro- 
duced 
digitally 
representing 
1 KHz 
and 2 KHz, 
there 
will also be frequency 
components 
located 
at 8 KHz = 
± 1 KHz 
and 
8 KHz 
= ± 2 KHz, 
and so on for all 
multiples 
of 8 KHz. 
Thus 
it is possible 
to generate 
fre- 
quencies 
at arbitrary 
values 
after sampling 
by control- 
ling .the frequency 
of each signal within 
the 4 KHz 
in- 
put band regardless 
of whether 
it is in analog or PCM. 


When 
an analog 
signal is sampled, 
the frequency 
com- 
ponents 
generated 
are all of the same amplitude 
as the 
corresponding 
input 
spectral 
components. 
Therefore, 
on 
the 
transmit 
side, 
measurements 
made 
from 
the 
PCM 
data will have a throughput 
gain of unity except 
where components 
are superimposed 
(e.g., a 4 KHz 
in- 
put 
signal 
will 
have 
an 
alias 
component 
at 4 KHz 
which 
may double 
the amplitude 
at 4 KHi 
when 
the 
two components 
are combined). 


When 
an 
analog 
signal 
is reconstructed 
from 
digital 
samples, 
it goes through 
a sample 
and hold stage which 
has the effect of imposing 
a weighting 
function 
on the 
resulting 
spectral 
components 
that is represented 
by 


Sine[~T] 


Sin (¥) 


wT 


2 


where 
w is the 
actual 
spectral 
component 
frequency 
going 
into 
the 
filter, 
and 
T is the 
width 
of the 
hold 
pulse at the decoder 
output. 
For the 2913/14, 
the ana- 
log output 
is held 
the 
full sample 
period 
of 125 p.s 
(1/8000 
Hz) so that 
a frequency 
component 
at ft will 
have a weighting 
of 


(8000) 
. 
[1Tft] 
W= 
-- 
Sm 
-- 
1Tft 
8000 


Transmit 
Filter 
Test 
Approach-Two 
approaches 
can 
be used 
for half channel 
testing 
of the transmit 
filter 
characteristic: 
(I) input analog test frequencies 
and per- 
form an FFT 
on the corresponding 
PCM 
samples 
that 


are generated 
to determine 
spectral 
frequencies 
and am- 
plitudes 
at the codec output, 
or (2) use an "ideal" 
D/ A 
converter 
on the PCM 
samples 
to convert 
the digital 
data back to analog so that the spectral 
amplitudes 
and 
frequencies 
can be determied 
using analog circuits 
such 
as spectrum 
analyzers 
or filter banks. 
In either case, the 
effects of sampling 
will be the same. 
Figure 
13 shows 
two spectral 
diagrams 
of amplitude 
versus 
frequency. 


The 
top diagram 
represents 
the 
locations 
of nine test 
frequencies 
corresponding 
to the 
seven 
specified 
fre- 
quencies 
in the 2913/14 
data sheet plus a component 
at 
7 KHz 
and one at 10 KHz. 
The bottom 
figure 
shows 
the 
"equivalent" 
spectral 
component 
locations 
when 
carried 
in the PCM bit stream. 
As an example, 
frequen- 
cy # 8 is located 
at 7 KHz. 
The 
corresponding 
PCM 
frequency 
.is seen in the lower .figure at 1 KHz. 
Note 
also that 
the 
analog 
component 
at 9 KHz 
(see #8*) 
would also generate 
the 1 KHz component 
in the PCM 
data. 


To test the filter, the desired 
test frequencies 
are intro- 
duced 
in analog 
to the filter input 
in such 
a way that 
there is no confusion 
as to where 
the resulting 
compo- 


nent 
will be after 
sampling 
(i.e., don't 
simultaneously 
put 
in 1 KHz 
and 
7 KHz 
since both 
of these 
inputs 
result in a 1 KHz 
component 
in the PCM 
data). 
Then, 
using 
either 
technique 
(FFT 
or 
analog) 
mentioned 
above, 
measure 
the 
amplitude 
of the 
corresponding 


o 
2 
4 
6 
7 
• 
9 
10 
FREO 
kHz 


210314-21 
(a) Analog Signal Frequency Locations 


o 
4 
• 
10 
FREO 
kHz 
210314-22 
(b) PCM Representation of the Signals in (a) 


Figure 13. Spectral Properties of the Filter Test 
Frequencies 
in Analog and PCM 
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component amplitudes will include the effect of the fil- 
ter response and the weighting function measured at 
the actual test frequency. The receive filter includes a 
compensation network for the weighting function in its 
passband. Therefore, inside the passband (300 Hz to 
3.4 KHz) the measured amplitudes should be compared 
directly to the data sheet specifications. Frequencies 
outside the passband must be compensated for the 
weighting function first to determine the true filter re- 
sponse. 


Summary of Filter Testing-Table 
10lists the nine test 
frequencies shown in Figure 12 for both the transmit 
and receive filter testing. For each filter test, the input 
frequency (analog or PCM), measurement frequency, 
and test circuit gain is tabulated corresponding to the 


cnange network. 


Redundancy Checking-A 
feature of the 2913/14 is 


that the same 8-bit PCM word can be put on the Dx 
highway in multiple time slots simply by holding the 
frame sync/data enable (FSx) high and continuing to 
supply clock pulses (CLKx or DCLKx). If the data 
enable was held high for multiple time slots, each time 
slot would have identical data in it. By routing this data 
through the PCM highways, time slot interchanges, 
etc., and then correlating the data between time slots, it 
would be possible to detect time slot-dependent data 
errors. When this test mode is used, no other data will 
be generated for the transmit highway until the frame 
sync returns low for at least one full clock cycle. 


Table 
10 Filter Response 
Testing 
Input/Output 
Frequencies 
and Amplitude 
Gain Schedule 


Transmit 
Receive 
Test 
Freq. 
Input 
Measured 
Amp 
Input 
Measured 
Amp 
Freq. 
Freq. 
Weighting 
Freq. 
Freq. 
Weighting 


1 
200 
200 
200 
1 
200 
200 
1 


2 
300 
300 
300 
1 
300 
300 
1 


3 
3000 
3000 
3000 
1 
3000 
3000 
1 


4 
3300 
3300 
3300 
1 
3300 
3300 
1 


5 
3400 
3400 
3400 
1 
3400 
3400 
1 


6 
4000 
4000 
4000 
o to2 
4000 
4000 
Oto2 


7 
4600 
4600 
3400 
1 
3400 
4600 
S. 
[4600 'IT] 
Ine 
--- 
8000 


8 
7000 
7000 
1000 
1 
1000 
7000 
S. 
[7000 'IT] 
!ne 
--- 


8000 


9 
10000 
10000 
2000 
1 
2000 
10000 
S. 
[10000 'IT] 
Ine 
--- 
8000 


11 
-- 
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Analog Loopback-The 
2914 (2913 does not have this 
feature) has the capability to be remotely programmed 
to disconnect the outside telephone lines and tie the 
transmit input directly to the receive output to effect 
analog loopback within the combo chip. This is accom- 
plished by setting the LOOP input to Vcc (TTL high). 
The result is to disconnect VFxI + and VFxI - 
from 
the 
external 
circuitry 
and 
to 
connect 
internally 
PWRO+ 
to VFxI+, 
GSr to PWRO-, 
and VFXI- 
to GSx (see Figure 14). 


With this test set up, the entire PCM and analog trans- 
mission path up to the SLIC can be tested remotely by 
assigning a PCM word to a time slot that is read by the 
combo being tested. This data is converted to analog 
and passed out of the receive channel. It is taken as 
input by the transmit channel where it is filtered and 
redigitized (encoded) back to PCM. The PCM word 
can now be put on the transmit highway and sent back 
to the remote test facility. By comparing the PCM data 
(individually or as a series of codes) the health of that 
particular connection can be verified. 


r-------------------------l-~~ 


I 
VFXI- 
GSX 
: 


TRANSMIT 
11 
1 


VOICE 
I,........ 
DX 1 
Ll 
AID 


1 


1 


I 
1 


1 
GSR 
: 
L 
_ 


COMBOCHIP ANALOG LOOP BACK FUNCTION 


VFXI+ 


PWRO+ ~~------~"~---1 
~ 


PWRO-~----~--~c~ 
~ 


DIGITIZED 
PCM 
LOOP BACK 
RESPONSE 


DIGITIZED 
PCM 
TEST 
TONE 
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Figure 14.Simplified Block Diagram of 2914 Combochlp in the Analog Loopback Configuration 
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